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SUMMARY OF PROCEEDINGS OF THE FORTY-FOURTH 


ANNUAL MEETING 


Cuicaco, I1i., JUNE 23-27, 1941 


The following Summary records the action taken by the Society at the Annual 
Meeting on the Recommendations Affecting Standards and Tentative Standards 


appearing in the annual reports of the standing committees. 


In the individual com- 


mittee reports attention is called through an editorial footnote to any modifications 
of the recommendations or where the recommendations of the committee were not 


approved. 


Exc pt 


In all other instances it is to be understood that the recommendations 
were approved as submitted by the committee. 


The new and revised standards and 


as noted, the reports and papers appear in 


tentative standards are published in the 1941 Supplement to the Book of A.S.T.M. 
_ Standards, Parts I, II, and III. 


this volume. 


This summary of the Forty-fourth 
Annual Meeting of the American Society 
for Testing Materials, held at the Pal- 
mer House, Chicago, IIl., June 23-27, 
1941, is a record of the transactions of 
the meeting including the actions taken 
on the various recommendations sub- 
mitted by the standing committees. In 
all, 17 sessions were held, as well as the 
Sixth Exhibit of Testing Apparatus 
and Related Equipment, the Fourth 
A.S.T.M. Photographic Exhibition and 
Competition, and the Twenty-fourth 
Annual A.S.T.M. Golf Tournament. 
The exhibit of testing apparatus and the 
photographic exhibition are described in 
some detail in the August ASTM 
BULLETIN. 

The Proceedings are set forth session 
by session. There were 62 reports and 
68 formal papers presented. The record 
with respect to each has been briefed, 
the recommendations in the reports 
having been grouped so as to cover the 
acceptance of material for publication as 
tentative, such as new specifications,” 
methods of test, revisions of tentative 
Standards and proposed revisions of 


existing standards, and as a separate 
group, the approval of matters that 
were referred to letter ballot of the 
Society, comprising the adoption of 
tentative standards as standard and 
the adoption of revisions of standards. 
Accordingly, wherever the action is 
reported as “adopted as_ standard,” 
it is understood that this indicates ap- 
proval of the annual meeting for refer- 
ence to letter ballot of the Society. The 
various recommendations so recorded 
are included in the Society letter ballot.' 
The actions designated as ‘“‘accepted as 
tentative” are self evident as indicating 
acceptance by the Society at the annual 
meeting. for publication as_ tentative. 

While all of the items on the program 
are recorded under the particular ses- 
sion in which they were presented, for 
convenience in locating actions with 
respect to any particular report, the 
accompanying list is presented of the 
reports together with the page refer- 
ence where the action thereon is re- 
corded. 

1The letter ballot on recommendations affecting 
standards, distributed to the Society membership, was 


canvassed on September 2, 1941, and all actions were 
approved. 
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_ The registered attendance of the meet- 
ing is as follows: Members present or 
represented, 969; committee members, 
193; guests, 391; total, 1553; ladies, 100. 


FORMAL OPENING SESSION 
PRESIDENTIAL ADDRESS 
TUESDAY, JUNE 24, 10.30 A.M. 


Session Co-Chairmen: President W. M. 
Barr; Past-President A. E. White. 


| President Barr, in opening the Forty- 


fourth Annual Meeting, referred briefly 
to the outstanding features of this meet- 
ing which were of particular significance, 
mentioning specifically the Sixth Exhibit 
of Testing Apparatus and Related 
Equipment, and the Fourth Photo- 
graphic Exhibition, the session on Sub- 
ways and Superhighways to be held 
jointly with the Western Society of 
Engineers, and the plans made for the 
meeting by the Chicago Committee, 
including the informal reception and 
officers’ night scheduled for Wednes- 
day evening. He also referred briefly 
to the many activities which the 
Society had fostered through its stand- 
ing committees during the past year, 
as evidenced by the large number of 
reports to be presented at the technical 
sessions. The President stated that 
from the advance attendance records, 
the number of committee meetings 
scheduled, and other activities this meet- 
ing promised to be the most successful 
that the Society had yet held. 

President Barr then presented the 
honorary chairman, H. H. Morgan, and 
the chairman, E. R. Young, of the 
Chicago Committee on Arrangements. 
On behalf of the Chicago Committee 
the honorary chairman, Mr. Morgan, 
extended a cordial welcome to the 
Society membership, and expressed the 
wish that the plans made by the local 
committee would contribute to a most 
successful annual meeting. 


The chairman of the Chicago Com- 
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mittee, Mr. Young, then outlined briefly 
the plans and arrangements that had 
been made for the entertainment of the 
members and guests, particularly for 
the ladies, during the meeting. He said 
that no effort had been spared by the 
committee to make this a grand occa- 
sion. He called particular attention to 
three features planned during the meet- 
ing, namely, the joint session with the 
Western Society of Engineers devoted 
to subways and superhighways, the 
informal reception on Wednesday after- 
noon following the Marburg Lecture, at 
which the members would have an 
opportunity to meet the retiring and the 
new officers of the Society, to be con- 
cluded by the officers’ night at the 


Exhibit of Testing Apparatus. a 


Report presented from manuscript 
by G. F. Jenks, chairman. 


Committee E-9 on Research: 


Committee E-10 on Standards: 


Report presented by R. P. Anderson, 
chairman. 


The chairman then introduced Mr. 
J. H. Van Deventer, President and Edi- 
tor of The Iron Age, who presented a 
talk on “Mobilizing Materials for De- 
fense.””? 


Past-President A. E. White then as- 
sumed the chair 


Executive Committee: 


This report, presented by the Secre- 
tary-Treasurer, C. L. Warwick, reviewed 
at some length the present and potential 
relationship of the A.S.T.M. to the 
various phases of the national defense 
program. In this connection Mr. War- 
wick discussed briefly the considerations 
being given by the Executive Committee 
of the Society to a procedure intended 
to expedite the approval and publication 
of revisions of the Society’s standards 


2 Published in ASTM Buttetin, No. 111, August, 1941, 
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made necessary by the present emer- 
gency, and which at the same time would 
provide adequate safeguards in their 
promulgation. The report also covered 
general Society activities, including 
membership, publications, finances, and 
administrative matters relating to com- 
mittee activities, cooperative activities 
with other engineering societies, and 
engineering relations between the Amer- 
ican Republics. 

The recommendation in the report for 
a revision in Article III, Section 2, of 
the By-laws with reference to the method 
of selecting members of the Nominating 
Committee, providing for their appoint- 
ment at the October quarterly meeting 
of the Executive Committee instead of 
the January meeting, was approved for 
reference to letter ballot of the Society.’ 


Recognition of Forty-Year Member: 


The chairman announced that in 
accordance with the action taken by the 
Executive Committee, a certificate for 
having attained 40 years of membership 
in the Society was being awarded this 
year to Mr. C. N. Forrest, of the Barber 
Asphalt Corp. Presentation of the cer- 
tificate to Mr. Forrest was then made by 
President Barr. 


Election of Officers: 

The chairman then recognized J. de 
N. Macomb, chairman of the Committee 
of Tellers, who reported the results of 
the letter ballot on election of officers. 
Of the 1049 votes cast, the results were 
as follows: 


For President, to serve for one year: 
G. E. F. Lundell, 1049 votes. 
For Vice-President, to serve for two years: 
Dean Harvey, 1049 votes. 
For Members of the Executive Committee, to 
serve for two years: 
Arthur W. Carpenter, 1037 votes. | 
T. A. Fitch, 1027 votes. 
C. D. Hocxer, 1029 votes. 
J. L. Miner, 1029 votes. 
E. W. Upham, 1036 votes. 


SUMMARY OF PROCEEDINGS 


The chairman then introduced the 
newly elected members of the Executive 
Committee, requesting that they rise 
as their names were called. 

At the request of the chairman, Vice- 
President-Elect, Dean Harvey, was es- 
corted to the chair. He expressed sin- 
cere appreciation of the honor of his 
election and said that he would make 
every effort to justify the confidence 
placed in him by the membership. 

The chairman then requested Past- 
Presidents T. G. Delbridge and H. F. 
Moore to escort to the chair the Presi- 
dent-Elect, G. E. F. Lundell, who 
made the following remarks: 

I wish to express my deep appreciation for 
the honor which the Society has conferred on 
me. In the difficult year to come, I shall do my 
best, and so, I am sure, will the membership, 
for I know of no other technical society with 
which I have contact, in which the average 
member works sq hard or has such personal con- 
tact with the affairs of the Society as he has 
with the affairs of the American Society for 
Testing Materials. As a result, the A.S.T.M. 
is particularly ready to meet the special de- 
mands which will undoubtedly be made on the 
members; nor do I know of any other society 
which possesses such a vast store of technical 
knowledge on which it can draw in emergency, 
and so it is with confidence that I ask your co- 
operation in the year ahead. ; 


Presidential Address: 


The chairman then presented the 
President, W. M. Barr, who delivered 
the Presidential Address on “Speed, 
Specifications, and Safety.” In his ad- 
dress, President Barr reviewed the 
tremendous improvement made in rail- 
road transportation from the early days 
of the steam locomotive to the present 
fast high-powered streamlined Diesel 
and electric locomotives. These many 
improvements in speed and riding com- 
fort introduced a number of problems 
requiring the development of new and 
higher grade materials to meet the in- 
creased stresses imposed by both weight 


3 This recommendation was approved by letter ballot 


‘a the Society which was canvassed on September 2, 1941. 
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and speed. He also pointed out that 
such advances have only been possible 
as the result of intensive research which 
required the constant revision of speci- 
fications and the establishment of many 
new standards. In stressing the many 
improvements in speed, specifications, 
and safety in the field of rail transporta- 
tion, President Barr referred also to the 
fact that the same high standards of 
engineering research have perfected the 
automobile and made possible the tre- 
mendous strides in speed and safety of 
the airplane. In conclusion he prophe- 
sied that in the existing national emer- 
gency and in the years ahead, the safety 
of this nation and the future success of 
our entire economic life will be deter- 
mined by the work of the research scien- 
tist and the production engineer in 
which the standardization and research 
work of the American Society for Test- 
ing Materials will have a prominent 


place. 


SECOND SESSION—SUBWAYS AND 
SUPERHIGHWAYS 


Jomnt SESSION WITH WESTERN SOCIETY OF 
ENGINEERS 


TUESDAY, JUNE 24, 2.30 P.M. 


Session Co-Chairmen: F. H. Lane, Presi- 
dent, W. S. E.; E. R. Young, Chair- 

-man, Chicago Committee. 

This session, sponsored jointly by the 
Western Society of Engineers and the 
American Society for Testing Materials, 
featured two papers as follows: 

The Measurement of Earth Pressures 
on the Chicago Subway*—Ralph B. 
Peck, Assistant Subway Engineer, De- 
partment of Subways and Superhigh- 
ways, City of Chicago. 

The General Plan of Superhighways— 
Charles DeLeuw, Acting Chief Engineer, 
Department of Subways and Superhigh- 
ways, City of Chicago. 


Pe aes in ASTM Buttetin, No. 111, August, 1941, 


At. the conclusion of the meeting a 
motion picture depicting construction 
details in the building of the Chicago 
Subway was shown. _ 


TuIRD SESSION—PLASTICS 
TUESDAY, JUNE 24, 8 P.M. 


Session Chairman: L. M. Currie. vo 


Committee D-20 on Plastics: 

Report presented, in the absence of 
the chairman, by W. A. Evans, secretary, 
and the following actions taken: 


Accepted as Tentative: 


Test for Deformation of Plastics and Electrical 
Insulating Materials Under Load at Elevated 
Temperatures, with a correction in the title 
by omission of the words “and Electrical 
Insulating Materials” 

Preconditioning Plastics and Electrical Insu- 
lating Materials for Testing, recommended 
jointly with Committee D-9 on Electrical In- 
sulating Materials 

Test for Color Fastness of Plastics to Light 

Revision of Test for Flammability of Plastics 
(D 568 - 40 T) 

Revision of Test for Measuring Flow Tempera- 
tures of Thermoplastic Molding Materials 
(D 569 - 40 T) 


Papers: 
The following papers were presented: 

Resistance of Plastics to Chemical Reagents— 
G. M. Kline, R. C. Rinker, and H. F. Meindl, 
presented from manuscript by Mr. Kline. 

Mechanical Tests of Cellulose Acetate—William 
N. Findley, presented by the author. 

Factors Influencing the Creep and Cold Flow 
of Plastics*\—John Delmonte and W. Dewar, 
presented from manuscript by the author. 

Method for Testing Odor-Taste Contamination 
Tendencies of Phenolic Plastic Closures*— 
A. Herman, presented by the author. 

Shear Strength of Molded Plastic Materials— 
John Delmonte, presented by the author. 


FourtH SESSION—NON-FERROUS 
METALS 
TUESDAY, JUNE 24, 8 P.M. 
Session Chairman: Dean Harvey. 


Committee B-2 on Non-Ferrous Metals 
and Alloys: 


in ASTM Buttettn, No. 112, October, 1941, 
p. 3 
Published i in ASTM Bu ttetin, No. 111, August, 1941, 
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Report presented, in the absence of 
the chairman, by G. H. Clamer, vice- 
chairman. 


Committee B-4 on Electrical-Heating, 
Electrical-Resistance, and _ Electric- 
Furnace Alloys: 


Report presented by Dean Harvey, 
chairman, and the following actions 
taken: 


Accepted as Tentative: 

Test for Temper of Strip and Sheet Metals 
(Spring-Back Method) 

Testing Lateral Wire for Grids of Electronic 
Devices 

Testing Wire for Supports Used in Electronic 
Devices and Lamps 


Adopted as Standard: 


Bend Testing of Wire (Wire for Radio Tubes 
and Incandescent Lamps) (B 113 — 387), 
as revised 

Revision of Spec. for Drawn or Rolled Alloy, 
80 per cent Nickel, 20 per cent Chromium, 
for Electrical Heating Elements (B 82 — 39) 

Revision of Spec. for Drawn or Rolled Alloy, 
60 per cent Nickel, 15 per cent Chromium, and 
Balance Iron, for Electrical Heating Elements 
(B 83 - 39) 


Committee B-1 on Copper and Copper- 
Alloy Wires for Electrical Conductors: 


Report presented by J. H. Foote, 
chairman, and the following actions 
taken: 


Accepted as Tentative: 


Spec. for Bare Rope-Lay-Stranded and Bunch- 
Stranded Soft Copper Cables for Electrical 
Conductors, with additional changes, briefly 
summarized below, accepted by unanimous 
consent, subject to favorable letter ballot 
of Committee B-1:7 

Section 1 on Scope is changed in wording 
to include both uncoated and coated copper 
wire, provided the coated wires have the same 
general weight and diameter as ‘the coated 
wire. A provision has been added which 
allows the use of hard drawn wire in«making 
up the cable which has been annealed after 
cabling, so that it is unnecessary to use soft 


_ | Results of the letter ballot on this recommendation, 
indicating its approval, are given in the report of Com- 
mittee B-1, see pp. 163 and 164. 


SUMMARY OF PROCEEDINGS 


annealed wire in very small sizes in cables 
involving a large number of very small 
conductors. The question of joints has been 
clarified and provision has been made for 
various types of joints for the various parts of 
the cable which seem to meet all requirements 
that have been presented. In the section 
covering the direction and length of lay of 
the cable, an additional paragraph has been 
added and a few modifications made in order 
to take care of all of the differences of opinion. 
Any absolute values of diameter or weight 
of completed cable have been eliminated. 
In addition, numerous editorial changes have 
been incorporated. 


Adopted as Standard: 

Revision of Spec. for Bare, Stranded Copper 
Cable, Hard, Medium-Hard, or Soft (B8- 
39), with the following additional changes 
accepted by unanimous consent, subject to 
favorable letter ballot of Committee B-1:7 

Title—Omit the word “Bare” from the 
title. 

Section I (a).—Change to read as follows: 

These specifications cover concentric-lay 
stranded cables made from round copper wires, 
either uncoated or coated with tin, for general 
use as electrical conductors. 

Section 6 (d).—-Change to read as follows: 

(d) At the option of the purchaser, tension 
tests on hard-drawn and medium-hard- 
drawn wires before stranding may be waived, 
and completed hard-drawn and medium-hard- 
drawn cables may be tested as a unit. The 
tensile strength of bare cables so tested shall 
be at least 90 per cent of the total of the 
required minimum strengths of the component 
wires and the maximum tensile strength of 
cable made from medium-hard-drawn wires 
shall be not greater than the sum of the 
specified maximum tensile strengths of the 
component wires. The free length between 
grips of the test specimen shall be not less 
than 24 in., and care shall be taken to insure 
that the wires in the cable are evenly gripped 
during the test (Note 4). 

Section §.—In the last sentence change the 
phrase “shall be calculated and not assumed 
(Note 9)” to read “may be calculated if 
desired.” 

Note 9.—In the table referred to in this note 
a number of editorial changes were recom- 
mended by the committee in order to include 
more complete and later information. 

Table II.—In the column headed “Area of 
Cross-Section, cir. mils” omit the asterisk 
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reference from 1,300,000; insert an asterisk 
before 1,250,000. 

In the column headed “Diameter of Wires’’ 
under class D, change the wire size of the 
1,700,000 cir. mils cable from “88.6 mils” to 
read “88.5 mils.” 

In the column headed “Diameter of Wires” 
under class B, change the wire size for the 
3,500,000 cir. mils cable from “143.8 mils” 
to read ‘143.9 mils.” 

Revisions of Spec. for Soft or Annealed Copper 
Wire (B 3-39), and for Hot-Rolled Copper 
Rods for Electrical Purposes (B 49 -— 39), 
subject to similar revisions being incorporated 
on the recommendation of Committee B-2 
on Non-Ferrous Metals and Alloys in the 

- Standard Specifications for Lake Copper Wire 
Bars (B 4-27), and for Electrolytic Copper 
Wire Bars (B 5 — 27). 


Papers: 
The following papers were presented: 


The Properties of Certain Lead-Bearing Alloys— 
Albert J. Phillips, Albert A. Smith, Jr., and 
Paul A. Beck, presented by Mr. Smith. 

Comparative Value of Arsenic, Antimony, and 
Phosphorus in Preventing Dezincification— 
W. Lynes, presented by the author. 

The Tensile Properties of Some Copper Alloys— 
Cyril Stanley Smith and R. W. Van Wagner, 
presented by Mr. Smith. 

Fatigue Tests on Some Copper Alloys—A. R. 
Anderson and Cyril Stanley Smith, presented 
by Mr. Smith. 


FirtH SESSION—-NON-FERROUS 
METALS 
(CONTINUED FROM FourtH SESSION) 
WEDNESDAY, JUNE 25, 9.30 A.M. 


Session Co-Chairmen: T.S. Fuller; J. L. 
McCloud. 


Committee B-6 on Die-Cast Metals and 
Alloys: 


Report presented by J. R. Townsend, 
chairman, and the following actions 
taken: 


Revision of Spec. for Zinc-Base Alloy Die 
Castings (B 86,- 38 T) 


It was announced that the committee 
at its meeting in Chicago had taken 
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action to recommend the adoption as 
standard of the Tentative Specifications 
for Aluminum-Base Alloy Die Castings 
(B 85 — 39 T) and to continue as tenta- 
tive the Specifications for Lead- and 
Tin-Base Alloy Die Castings (B 102 - 
39 T). subject to favorable letter ballot 
in the committee, this action having 
been taken since the two tentative stan- 
dards have been standing in their pre- 
sent status for two years. 

The following papers, appended to 
the report, were presented as indicated: 


Finishes for Aluminum Die Castings—A. E. 
Keskulla and Junius D. Edwards, presented 
by Mr. Keskulla. 

Finishing Magnesium Die Castings—H. W. 
Schmidt, presented by the author. 

The Finishing of Zinc-Base Alloy Die Castings— 
E. A. Anderson, presented by the author. 


Committee B-7 on Light Metals and 
Alloys, Cast and Wrought: 


Report presented by Sam Tour, chair- 
man, and the following actions taken: 


Accepted as Tentalive: a 


Revisions of: 7 

Spec. for Aluminum Ingots for Remelting 
(B 24 — 39 T) 

Spec. for Aluminum Sheet and Plate (B 25 - 

40 T) 

Spec. for Aluminum-Base Alloy Sand Castings 
(B 26 - 37 T) 

Spec. for Aluminum for Use in Iron and Steel 
Manufacture (B 37 — 39 T) 

Spec. for Aluminum-Base Alloys in Ingot 
Form for Sand Castings (B 58 — 37 T) 

Spec. for Aluminum Alloy (Duralumin) Sheet 
and Plate (Aluminum-Copper-Magnesium- 
Manganese) (B 78 - 40 T) 

Spec. for Aluminum-Manganese Alloy Sheet 
and Plate (B 79 — 40 T) 

Spec. for Magnesium-Base Alloy Sand Cast- 
ings (B 80 —- 40 T) 

Spec. for Aluminum 


Alloy (Duralumin) 


; Bars, Rods, Wire, and Shapes (Aluminum- 
Copper-Magnesium-Manganese)  (B 89- 


40 T) 

Spec. for Magnesium-Base 
(B 90 - 40 T) 

Spec. for Magnesium-Base Alloy Forgings 
(B 91 - 40 T) 


Alloy Sheet 
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Revisions of (Continued): 
Spec. for Magnesium-Base Alloys in Ingot 
Form for Sand Castings and Die Castings 
(B 93 - 40 T) 
Spec. for Magnesium-Base Alloy Bars, Rods, 
and Shapes (B 107 - 40 T) 
Spec. for Aluminum-Base Alloy Permanent 
Mold Castings (B 108 — 38 T) 

Spec. for Aluminum-Magnesium-Chromium 
Alloy Sheet and Plate (B 109 — 40 T) 
Spec. for Aluminum-Base Alloys in Ingot 

Form for Permanent Mold Castings 
(B 112 - 38 T) 


Adopted as Standard: ; 
Revision of Spec. for Magnesium Ingot and 
Stick for Remelting (B 92 — 39) 


The following appendices to the re- 
port were then presented as indicated: 


A High Strength Aluminum Sand Casting 
Alloy not Requiring Solution Treatment 
and Quench, presented by D. Basch. 

The Divider Method in Tension Testing of Mag- 
nesium-Base Alloys—H. W. Schmidt, pre- 
sented by the author. 


Committee B-8 on Electrodeposited Me- 
tallic Coatings: 


Report presented by E. M. Baker, 
chairman, and the following actions 
taken: 


Accepted as Tentative: 


Spec. for Electrodeposited Coatings of Nickel 
and Chromium on Copper and Copper-Base 

Alloys 

Spec. for Electrodeposited Coatings of Nickel 
and Chromium on Zinc and Zinc-Base Alloys 

Revision of Spec. for Electrodeposited Coatings 
of Nickel and Chromium on Steel (A 166 - 


Editorial Change Accepted: 


Test for Local Thickness of Electrodeposited 
: Coatings on Steel (A 219 — 40 T) 


Ferrous Metals and Alloys: 


Report presented by Sam Tour, chair- 


Committee B-3 on Corrosion of Non- 
7 
man, and the following action taken: 


Accepted as Tentative: 


Revision of Method of Salt Spray Testing of 
Non-Ferrous Metals (B 117 - 39 T) 
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Committee B-5 on Copper and Copper 
Alloys, Cast and Wrought: 


Report presented by C. H. Greenall, 
chairman, and the following actions 
taken: 


Accepted as Tentative: 


Spec. for Copper Sheet, Strip, and Plate, with 
the following editorial changes accepted by 
unanimous consent: 

Section 1.—In the note at the end of this 
section omit item 3, renumbering the re- 
maining items accordingly, and change the 
note to appear as Section 2 on “Basis of 
Purchase,” renumbering the remaining sec- 
tions accordingly. 

Section 9.—Omit Paragraph (6) which reads 
as follows: 

(b) Ninety-five per cent of the tension tests 
shall fall within the limits prescribed in Table 
I. In no case shall more than one test be 
permitted outside the limits, nor shall this 
vary more than 1000 psi. from the prescribed 
limits. 

Spec. for Leaded Red Brass (Hardware 
Bronze) Rods, Bars, and Shapes 

Spec. for Aluminum Bronze Rods, Bars, and 
Shapes 

Spec. for Copper-Nickel-Zinc Alloy Rod and 

Wire, with the following changes accepted 

by unanimous consent, subject to favorable 

letter ballot of Committee B-5:* 

Section 4 (a).—Change the first sentence to 
read as follows by the addition of the italicized 
figures and the omission of those in brackets: 

Analysis shall be made of each lot of 
[10,000] 5000 lb. or fraction thereof. 

Section 7.—Omit Paragraph (6) which 
reads as follows: 

(b) Ninety-five per cent of the tension tests 
shall fall within the limits prescribed ‘in 
Table II. In no case shall more than one 
test be permitted outside the limits, nor shall 
this vary more than 1000 psi. from the 
prescribed limits. 

Spec. for Manganese Bronze Rods, Bars, and 
Shapes, with the following changes accepted 
by unanimous consent, subject to favorable 
letter ballot of Committee B-5:8 

Section 8 (a).—Change the description of 
the test specimen to read as follows: 
8. (a) All rods, bars, and shapes shall be 

pulled in full size when practicable. When a 

machined test specimen becomes necessary, 


_ _8 Results of the letter ballot on this recommendation, 
indicating its approval, are given in the report of Com- 
mittee B-S, see p. 194. 
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enough metal may be removed from the 
gage section to meet the limitations of the 
testing machine, or the specimen may be 
machined to the form and dimension as 
shown in Fig. 9 of the Tentative Methods of 
Tension Testing of Metallic Materials 
(A.S.T.M. Designation: E 8) of the American 
Society for Testing Materials. For rods, 
bars, and shapes up to 1} in. in diameter or 
thickness, the axis of the test specimen shall 
coincide with the central axis of the piece. 
For rods over 13 in. in diameter or thickness, 
the axis shall be located midway between the 
center and surface of the piece. The axis 
of tension test specimens for rods, bars, and 
shapes shall be parallel to the direction of 
rolling or drawing. 


Spec. for Tin-Bronze and Leaded Tin-Bronze 


Sand Castings, with the following changes 
accepted by unanimous consent, subject to 
favorable letter ballot of Committee B-5:5 

Section 1 (b).—Omit this section which reads 
as follows: 

(b) Alloys 1A, 1B, and 2B shall not be used 
where castings are subjected to a temperature 
exceeding 500 F. (260 C.). Alloy 2A is 
suitable for applications involving tempera- 
tures of 500 F. (260 C.). 

Table I—Under alloy 2A change zinc 
from “4.00 per cent” to read “4.50 per cent”; 
under alloy 2B change copper from “88.50 
per cent” to read “87.00 per cent”; omit from 
the table the column for nickel. 

Table II.—Under alloys 2A and 2B change 
the maximum nickel content from ‘0.75 
per cent” to read “1.00 per cent.” 

New Section.—Add the following section on 
certification: 

16. Certification —In the case of a product 
manufactured in advance and supplied for 
sale from stock by the manufacturer, jobber, 
or other dealer, the product may, upon request 
of the purchaser, be certified by the manu- 
facturer as conforming to these specifications 
subject to the following procedures: 

Not less than two tension tests, from differ- 
ent heats, and not less than one chemical 
analysis shall be made by the manufacturer 
from each day’s melt. Records of the tension 
test results and chemical analysis shall be 
systematically made and maintained and shall 
be the basis for certification. In lieu of the 
manufacturer’s certification and upon written 
request by the purchaser, these records may 
be examined by the purchaser or his accredited 


representative upon the manufacturer’s prem- 
ises, 
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Spec. for High-Leaded Tin Bronze Sand 


Castings 


Spec. for Leaded Red Brass and Leaded Semi 


Red Brass Sand Castings, with the following 
changes accepted by unanimous consent, 
subject to favorable letter ballot of Commit- 
tee B-5:5 

Section 1 (b).—Omit this section which 
reads as follows: 

(b) If castings are used under internal 
pressure conditions, alloy 4A is commonly 
used under hydrostatic pressure up to 350 
psi. The other three alloys, namely, 4B, 5A, 
and 5B, may be used for correspondingly 
lower pressures folldwing the sequence 
of the numerical designation. 

Table II.—¥For all four alloys change the 
maximum nickel content from “0.50 per cent” 
to ‘1.00 per cent.” 

New Section.—Add a new section on certi- 
fication to read as given above in the specifi- 
cations for tin bronze. 


Spec. for Leaded Yellow Brass Sand Castings 


for General Purposes 


Spec. for High-Strength Yellow Brass and 


High-Strength Leaded Yellow Brass Sand 
Castings, with the following changes accepted 
by unanimous consent, subject to favorable 
letter ballot of Committee B-5:8 

Table III.—Add the following requirements 
for yield strength: 


Alloy Yield Strength,* min., psi. 
25000 


* Until such time as the committee shall have more in- 


formation concerning each of these alloys, the yield 
strength shall be designated as the stress producing a per- 
manent set of the material of 0.2 per cent as determined 
by the offset method. 


Spec. for Aluminum-Bronze Sand Castings, 


with an editorial change, accepted by unani- 
mous consent providing for the omission 
of the Brinell hardness requirements in 
Section 7. 


Spec. for Leaded Nickel-Brass (Leaded Nickel- 


Silver) and Leaded Nickel-Bronze (Leaded 
Nickel-Silver) Sand Castings. 

In each of the above seven specifications 
for copper alloy castings editorial changes in 
the sections on chemical analysis and prepara- 
tion of test specimens were accepted by 
unanimous consent. 


Test for Expansion (Pin Test) of Copper and 


Copper-Alloy Tubing, with a change, ac- 
cepted by unanimous consent, in the descrip- 
tion of the test procedure to permit the use 
of hand-hammering in routine testing but not 


pT 


BA 


as a referee test in cases of dispute, subject to 
favorable letter ballot of Committee B-5.* 

Mercurous Nitrate Test for Copper and Copper 
Alloys 


Revisions of: 
Spec. for Cartridge Brass, Sheet, Strip, and 
Disks (B 19 - 40 T) 

Spec. for Copper-Base Alloys in Ingot Form 

for Sand Castings (B 30-40 T), with the 

- following correction accepted by unanimous 

consent: 

Table 11.—Under Alloy 9A change the 
requirement for copper from “85 per cent” 
to read “78 per cent”; under alloy 9B 

change the minimum aluminum content 

‘papi from “8 per cent” to read “9 
per cent”; also omit from this table foot- 

note d which reads as follows: “Maximum 
_ impurities including iron but excluding 

manganese.” 

Spec. for Brass Sheet and Strip (B 36-40 T) 
Spec. for Copper Pipe, Standard Sizes 
(B 42 - 39 T) 
Spec. for Seamless Copper Tubing, Bright 

Annealed (B 68 — 39 T), with the following 

changes accepted by unanimous consent, 

subject to favorable letter ballot of Com- 

mittee B-5:* 

Section 2.—Change the phrase “either of 
the two following types” to read “any one 
of the three following types,” and add a new 
type as follows: 

Type A.—Phosphorized copper, with low 
residual phosphorus. 

Section 3.—Add the following requirements 
for chemical composition of Type A: 


SUMMARY OF PROCEEDINGS 


TABLE I.—CHEMICAL REQUIREMENTS. 


Type A ‘Type Cc 
= 


Copper, min., per cent................. 94.80 | 91.00 
Silicon, per cent........ _ 2.75 to |2.00 to 
3.50 3.00 


may be present within the limits | 
—enies below, subject to limits of | 
the specific alloys as given in the | 
Appendix: | 


One or more of the following elements | | 


Manganese, max., per cent 1.50 1.25 
0.75 
Dead, per cent. 0.05 0.05 
Nickel, max., per cent ne 0.60 | 0.60 
Sum of above elements, min., per cent., 99.50 | 99.50 


Section 8.—Change from its present form 
to read as follows: 

8. Weight Tolerances.—The weight of each lot 
of five or more lot plates or sheets of the same 
specified dimensions when ordered to thickness 
shall not vary from thenominal by more than the 
amount prescribed in Table III (the accom- 
panying Table II). The weight of any in- 
dividual plate or sheet may vary from the 
nominal by net more than one third in excess 
of the tolerances prescribed in Table III. The 
tolerances of lots of less than five plates or 
sheets shall be governed by the tolerance of 
individual plates or sheets. For purposes of 
these specifications, types A and C shall be 
considered to weigh 0.308 Ib. per cu. in. 


TABLE II.-OVERWEIGHT TOLERANCES OF 
PLATES AND SHEET ORDERED TO THICKNESS. 


Permissible Excess in Average 
Weight of Lots, Expressed in 
Percentage of Nominal Weights 


Type A 
Copper,? min., per cent. 99.90 ls 
min 0.004 Thickness, in s 
@ Silver counting as copper. 
S| SS) 85/55) 
Spec. for Seamless Copper Tubes (B75 - 40 T), 2 16° 16 
the correction in the grain size in Table | to % 
8 42 
from “0.40 mm.” to “0.040 mm.” to be made Over %& to 4%... 64 8 | 9 11} 12 
Over to %......... 73% 8% 11) 12) 13 
in the case of both soft annealed and light Over to 34. 7141 121 143 
annealed material. Over to 6 | | 12 13 
Spec. for Copper-Silicon Alloy Plate and Sheet Gver 14 to % 10) 11 
Tv » P Over % to %......... 6 | 9 10 
(B 96-40 T), with the following additional 5 7 | 4 
changes, not preprinted, accepted by unani- Overito2........... 3%) 4 | 5 | 6; 7) 8 


mous consent, subject to favorable letter 
ballot of Committee B-5: 

Table I.—Change to read as shown in the 
accompanying Table I. 


A ppendix.—Add as information in an 
Appendix at the end of these specifications a 
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table giving detailed information on specific 
alloy compositions that are commercially 
available. 


Spec. for Beryllium Copper Alloy Bars, Rods, 
Sheet, Strip, and Wire (B 120 - 40 T) 

Spec. for Leaded Brass Sheet and Strip (B 121 - 
39 T), with the following changes accepted 
by unanimous consent, subject to favorable 
letter ballot of Committee B-53 

Section 3.—In the table change the chemical 


composition requirements for alloy No. 5 to - 


read as follows by the addition of the italicized 
figures and the omission of those in brackets: 
Copper, per 
cent.........[61.00 to 65.00] 61.0 to 65.5 
Lead, percent.. [1.75 to 2.25] 1.5 to 2.5 
Iron, max., 
per cent...... 0.10 
Zinc, per cent . remainder 


Spec. for Copper-Base Alloy Forging Rods, 


Bars, and Shapes (B124-39T; ASA 


H7-1939) 


Spec. for Gilding Metal Sheet and Strip 
(B 130 - 40 T) 

Spec. for Brass Wire (B 134 — 40 T) 

Spec. for Leaded High-Strength Yellow Brass 
(Manganese Bronze) Sand Castings (B 132 - 
40 T), with the following additional changes, 
not preprinted, accepted by unanimous 
consent, subject to favorable letter ballot of 
Committee B-5:* 

Section 5 (a).—Change from its present 
form to read as follows: 

It is recommended that the tension test 
specimens shall be machined from coupons to 
the form and dimensions shown in Fig. 1, 
and shall not be chilled. 

Section 7 (b).—Change from its present form 
to read as follows: 

The sample for chemical analysis shall be 
taken by drilling or cutting the test coupon 
or sprue in such a manner as to be repre- 
sentative of the entire cross-section. 


New Section—Add a new section on certi- 
fication to read as recommended above in the 
specifications for tin bronze. 


Adopted as Standard: 
Spec. for Brass Pipe, Standard Sizes (B 43-40T) 
Revisions of: 


Spec. for Seamless Copper Boiler Tubes 
(B 13-40), with the following  edito- 
rial change, accepted by unanimous con- 


Section 1.—Change the note from the 
' form as preprinted to read as follows: 
Note.—In the event copper boiler tubes 
for welding purposes are desired, deoxidized 
copper should be ordered to the Tentative 
Specifications for Seamless Copper Tubes 
(A.S.T.M. Designation: B 75) of the Ameri- 
can Society for Testing Materials in so far 
_ as chemical composition requirements only 
7 are concerned. Other requirements shall be 
in accordance with these Standard Specifica- 
tions B 13. 
Spec. for Free-Cutting Brass Rod for Use in 
Screw Machines (B 16 —- 29; ASA H8-1934), 
with the following additional changes ac- 
cepted by unanimous consent, subject to 
favorable letter ballot of Committee B-5:5 
Table IJ.—In the table as preprinted 
change the requirement for Half Hard Tem- 


and the elongation in 2 in. from “10 per 
_ cent” to read “7 per cent’; also after the 
heading “Half Hard” in the first column, 


Add to this table the following require- 
ments: 


min., per cent 


min., psi. 


Tensile Strength, 
min., psi. 
Elongation in 2 in., 


Thickness, in. 
Width, in. 
Yield Strength, 


Half hard (rec- 
tangles and 
squares). 2 and | 50000} 25 000 
under 

Over 2 | 45 000 | 17 000 


Spec. for Copper Water Tube (B 88 —- 39; ASA 
H23.1-1939), with the following additional 
changes accepted by unanimous consent, sub- 
ject to favorable letter ballot of Commit- 
tee B-5:8 

Sections 2 and 4 (c), and Table I[T.—Omit all 
references to type O tubing. 

Table I.—Add the following as a footnote 
to the first item on light drawn temper: 
“Light drawn temper applies only to types K 
and L tubing.” 

Spec. for Sheet Copper-Silicon Alloy (B 97 — 40), 
with the following additional changes accepted 
by unanimous consent, subject to favorable 
letter ballot of Committee B-5:* 


— 
it 
psi.” to read ‘60,000 psi.”’; the yield strength 
ee from “25,000 psi.” to read “28,000 psi.”: 
f 
} 
| 20 
13 
13 
13 
12 
11 
10 
8 
sa 


Table I.—Change to read as shown in the 
accompanying Table III. 

Appendix.—Add as information in an 
Appendix at the end of these specifications a 
table giving detailed information on specific 
alloy compositions that are commercially 
available. 


Spec. for Copper-Silicon Alloy Rods, Bars, and 


Shapes (B 98-40), with the following addi- 
tional changes accepted by unanimous con- 
sent, subject to favorable letter ballot of Com- 


mittee B-5:% 


SUMMARY OF PROCEEDINGS 


Table I.—Change to read as shown in the 
accompanying Table IV. 

A ppendix.—Add as information in an Ap- 
pendix at the end of these specifications a 
table giving detailed information on specific 
alloy compositions that are commercially 
available. 


Spec. for Castings of the Alloy: Copper 88 
per cent, Tin 8 per cent, Zinc 4 per cent 
(B 60 - 36), with the following changes, not 
preprinted, accepted by unanimous consent, 


TABLE II].—CHEMICAL REQUIREMENTS. 


TypeA Type B Type C 


th 
the Appendix: 


Tin, max., per cent.. 
Nickel, max., per cent 


Sum of above elements, min., per cent..................... 


rey 1.50 0.75 1.25 
ii 1.50 1.50 4.50 
oe 1.60 0.80 0.80 
0.75 1.60 

0.60 0.60 
0.05 0.05 0.05 
ae 99.50 99.50 99.50 


91.00 


94.80 96.00 
2.75 to 3.50 0.75 to 2.00% 2.00 to 3.00 


* An alloy containing as high as 2.60 per cent silicon is acceptable providing the sum of all elements, other than copper 


silicon, and iron does not exceed 0.30 per cent. 


TABLE IV.—CHEMICAL REQUIREMENTS. 


Type A Type B Type C Type D 


Copper, min., per cent................ 94.80 

Silicon, per cent...... 2.75 to 3.50 | 0.75 to 2.00% | 2.00 to 3.00 
One or more of the following elements may be present 


Sum of above elements, min., per cent 


Zinc, max., per cent...... ‘ 

Iron, max., per cent..... 

Tin, max., per cent ee 
Lead, max., per cent.......... 


96.00 91.00 94.00 
2.75 to 3.50 
0.20 to 0.80 


1.50 0.75 1.25 1.50 
1.50 1.50 4.50 1.50 
1.60 0.80 0.80 0.25 
0.75 1.60 ais 
0.05 0.05 0.05 ne 
99.50 99 99.50 99.50 


* An alloy containing as high as 2.60 per cent silicon is acceptable providing the sum of all elements, other than copper, 


silicon, and iron does not exceed 0.30 per cent. 


Table I.—Change to read as shown in the 
accompanying Table IV. 

A ppendix.—Add as information in an Ap 
pendix at the end of these specifications a 
table giving detailed information on specific 
alloy compositions that are commercially 
available. 

Spec. for Copper-Silicon Alloy Wire for General 
Purposes (B 99 — 40), with the following addi- 
tional changes accepted by unanimous con- 
sent, subject to favorable letter ballot of 


Committee B-5: 


subject to favorable letter ballot of Commit- 
tee B-5:5 

Section 1 (c).—Omit this paragraph which 
reads as follows: 

(c) It is recommended that this alloy shall 
not be used where castings are subjected to a 
temperature exceeding 500 F. (260 C.). 

New Section —Add a new section on certi- 
fication as recommended above in the speci- 
fications for tin bronze. 

Spec. for Steam or Valve Bronze Castings 
(B 61 - 40); with the following changes, not 


Sp 


a 


= 


One or more of the following elements may be present within the limits 
a. subject to limits of the specific alloys as given in 
se 
20 
‘ ' fo 
tu 
| 
| 
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preprinted, accepted by unanimous consent, 
subject to favorable letter ballot of Commit- 
tee 


Section 1.—Change from its present form: 
namely, 

1. These specifications cover alloy castings, 
the alloy being a composition of copper, tin, 
lead, and zinc, commonly used as a high-grade 
steam metal or valve bronze, which is suitable 
for applications involving temperatures* of 
500 F. (260 C). 


4 The temperature recommendation of the scope clause 
is conservative in view of known design practice. Estab- 
lishment of definite limiting design stresses and of dimen- 
sional standards later may possibly permit some raising 
of the limiting temperature above that now recommended. 


to read as follows: 

1. These specifications cover alloy castings, 
the alloy being a composition of copper, tin, 
lead, and zinc, commonly used as a high-grade 
steam metal or valve bronze.* 


“The Rules for Construction of Unfired Pressure Ves- 
sels of the A.S.M.E. Boiler Construction Code (Par. U- 
20 (f)) require that bronze valves and steam metal con- 
forming to these specifications shall be limited to tempera- 
tures of 550 F. 


New Section.—Add a new section on certi- 
fication as recommended above in the speci- 
fications for tin bronze. 


Spec. for Composition Brass or Ounce Metal 
Castings (B 62-36), with the following 
changes, not preprinted, accepted by unani- 
mous consent, subject to favorable letter bal- 
lot of Committee B-5:8 

Section 1.—Omit the second sentence, which 
reads as follows: “Castings of this alloy are 
commonly used in hydrostatic pressure up to 
350 psi.” 

Add a new footnote to this section to read 
as follows: 

The Rules for Construction of Unfired Pres- 
sure Vessels of the A.S.M.E. Boiler Construc- 
tion Code (Par. U-20 (f)) require that com- 
position or ounce metal conforming to these 
specifications shall be limited to temperatures 
of 406 F. 

New Section.—Add a new section on certi- 
fication as recommended above in the speci- 
fications for tin bronze. 


Spec. for Copper Plates for Locomotive Fire- 
boxes (B 11 - 33), with the following changes, 
not preprinted, accepted by unanimous con- 


sent, subject to favorable letter ballot of © 


Committee B-5:8 


Section 1.—Change from its present form 
to read as follows: 

1. Scope.—These specifications cover four 
grades of copper plates for locomotive fire- 
boxes as follows: 

Grade 1, Tough pitch copper (nonarsenical) 

Grade 2, Phosphorized copper (nonarsenical) 

Grade 3, Tough pitch arsenical copper 

Grade 4, Phosphorized arsenical copper 


Section 3.—Change from its present form 
to read as follows: 


3. Chemical Com position.—The copper shall 
conform to the following requirements as to 
chemical composition: 


Grade Grade2 Grade3 Grade4 
Copper (plus 
silver),min., 
per cent... 99.90 99.90 99.40 99.40 


Arsenic, per 


0.15 to 0.50 0.15 to0.50 
Phosphorus, 
per cer’... ... 0.015 to 0.040 0.015 to 0.040 


_ 


Section 9.— Change to read as follows: 


9. Weight Tolerance.—The weight of each 
lot of five or more plates of the same grade 
and the same specified dimensions when or- 
dered to thickness shall not vary from the nom- 
inal by more than the amount given in Table I 
(the accompanying Table V). The weight of 
any individual plate may vary from the nom- 
inal by not more than one-third in excess of 
the tolerances given in Table I. The tolerance 
of lots of less than five plates shall be governed 
by the tolerance of individual plates. One 
cubic inch of rolled copper is assumed to 
weigh 0.323 Ib. 


The recommendation, appearing in the re- 
port as preprinted, for the withdrawal of the 
Standard Specifications B 60, B 61, and B 62 
was omitted from the report by the committee, 
and in place thereof revisions in these three 
standards were presented for immediate adop- 
tion as listed above. 


‘ithdrawal of Standards and Tentative Standards: 


Spec. for Manganese-Bronze Ingots for Sand 
Castings (B 7 — 39), including existing tenta- 
tive revision 

Spec. for Manganese-Bronze Sand Castings 


(B 54-39), including existing tentative 
revision 
Spec. for Aluminum Bronze Castings 


(B 59 - 39) 
Spec. for Sand Castings of the Alloy: Copper 
80 per cent, Tin 10 per cent, Lead 10 per 
cent (B 74 - 32 T),these specifications being 


| 
it- 
ch 
all 
ya 
ti- 
ci- 
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superseded by the new Tentative Specifica- 
tions for High-Leaded Tin Bronze Sand 
Castings 


On the recommendation of the com- 
mittee action was taken to incorporate 
in all of the specifications for copper 
alloy under the jurisdiction of Com- 
mittee B-5 of a new section on “Basis 
of Purchase,” as an aid to the purchaser 
in presenting all necessary details on a 
purchase order for material ordered 
according to the respective standards. 
This recommendation was accepted by 
unanimous consent, the change to be 
made editorially when the specifications 
are next printed. 


SUMMARY OF PROCEEDINGS 


Report presented by H. L. Curtis, 
chairman. 


Committee D-9 on Electrical Insulating 
Materials: 


Report presented, in the absence of 
the chairman, by Dean Harvey, vice- 
chairman, and the following actions 


taken: 
Accepted as Tentative: 


Spec. for Round Phenolic Laminated Tubing for 
Radio Applications 

Test for Punching Quality of Laminated Pheno- 
lic Sheets 

Preconditioning Plastics and Electrical Insu- 
lating Materials for Testing, recommended 
jointly with Committee D-20 on Plastics 


TABLE V.—HOT-ROLLED COPPER PLATES AND SHEETS, LOT WEIGHT TOLERANCES IN PERCENTAGE 
OF THEORETICAL WEIGHT, PLUS AND MINUS. 


: Weight Tolerances, plus and minus Percentage of 
Theoretical Weight 
. Iver 48 to ver 60 to | Over 72 to | Over 90 to 
in and | “ooin. in | 72in.in | 90 in. in | 110 in. in 
Width Width Width Width 
6% 8 9% il 12% 
6 1% 84 9 10 
234 3% 4 4% 5 
Over 1 “to 2% 3 3% 4 4% 
2% 2% 3% 3% 4\% 


The following papers, appended to the 
report, were then presented as indicated: 
Influence of External Stresses on Tendency of 

Brass Wires to Stress-Corrosion Crack, as 

Indicated by the Mercurous Nitrate Test— 

Harry P. Croft, presented from manuscript 

by the author. 

Mercury Cracking Test, Procedure and Control 

—H. Rosenthal and A. L. Jamieson, presented 
by Mr. Jamieson. 


SixtH SESSION—ELECTRICAL IN- 
SULATING MATERIALS, RUBBER 
WEDNESDAY, JUNE 25, 2 P.M. 

Session Chairman: J. J. Allen. 
Sectional Committee C-59 on Electrical 


Insulating Materials: 


Test for Volatile Matter Content of Vulcanized 
Fiber 
Revisions of: 
Test for Power Factor and Dielectric Constant 
of Electrical Insulating Materials (D 150 - 
39 T) 
Sampling and ‘Testing Untreated Paper Used 
in Electrical Insulation (D 202 - 40 T) 
Testing Glass Spool Insulators (D 550 — 39 T) 


Adopted as Standard: 


Testing Varnishes Used for Electrical Insula- 
tion (D 115 - 39 T) 


_ Test for Acetone Extraction of Phenolic Molded 


or Laminated Products (D 494-38 T), as 
revised 

Test for Arc Resistance of Solid Electrical In- 

sulating Materials (D 495 — 38 T), as revised 

- Measuring Shrinkage from Mold Dimensions of 
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Molded Materials Used for Electrical Insu- 
lation (D 551 - 39 


Editorial Change Adopted: 


Testing Molding Powders Used in Manufactur- 
ing Molded Electrical Insulators (D 392 — 38; 
ASA C59.10-1941) 


Published as Information Only: 


Proposed Methods of Test for Product Uni- 
formity of Phenolic Laminated Sheet® 

Proposed Methods of Test for Sludge Forma- 
tion in Mineral Transformer Oil 


The proposed revision in the Tenta- 
tive Method of Testing Pin-Type, Lime 
Glass Insulators (D 468 — 39 T), appear- 
ing in the report as preprinted, was with- 
drawn by the committee. 


The following papers, appended to 
the report, were presented as indicated: 


Measurements of Power Factor and Dielectric 
Constant at Ultra High Frequencies—K. G 
Coutlee, R. F. Field, E. O. Hausmann, 
Thomas Hazen and Harry R. Meahl, pre- 
sented by Mr. Meahl. 

Report on Round-Robin Tests of Power Factor 
and Dielectric Constant for Glass—Philip A. 
Richards, presented by R. F. Field. 


Committee D-11 on Rubber Products: 


Report presented by O. M. Hayden, 
chairman, and the following actions 
taken: 


Accepted As Tentative: 

Testing Automotive Air Brake and Vacuum 
Brake Hose 

Test for Tear Resistance of Vulcanized Rubber, 
with editorial corrections providing for chang- 
ing the dimension “1.15 in.” in Fig. 1 to read 
“1.14 in.,” the ommission of the first half of 
the first sentence in Sectio 5, and the omis- 
sion of Paragraph 7 (6). 

Test for Compression Fatigue of Vulcanized 
Rubber 

Revision of Methods of Testing Sponge Rubber 
Products (D 552 - 39 T) 


Adopted as Standard: 


Testing Flat Rubber Belting (D 378 - 40 T) 
Tension Testing of Vulcanized Rubber (D 412 - 
40 T), as revised 


* See Report of Committee D-9, Editorial Note, p. 397. 


Dat-President A. C. 


ForTY-FOURTH ANNUAL MEETING 15 


Test for Indentation of Rubber by Means of 
the Pusey and Jones Plastometer (D 531 - 
39.T) 

Testing Rubber Insulated Wire and Cable 
(D 470 - 40 T) 

Spec. for Insulated Wire and Cable: Class AO 
30 per cent Hevea Rubber Compound 
(D 27 - 40 T), as revised 

Spec. for Insulated Wire and Cable: Perform- 
ance Rubber Compound (D 353 - 40 T), as 
revised 

Spec. for Insulated Wire and Cable: Heat-Re- 
sisting Rubber Compound (D 469 - 40 T), as 
revised 

Revisions of: 

Test for Accelerated Aging of Vulcanized 
Rubber by the Oxygen-Pressure Method 
(D 572 — 40) 

Test for Accelerated Aging of Vulcanized 
Rubber by the Oven Method (D 573 - 
40 ) 

Air Pressure Heat Test of Vulcanized Rubber 
(D 454 — 40) 

Sample Preparation for Physical Testing of 
Rubber Products (D 15 — 39) 


The recommendation that the Ten- 
tative Specifications for Rubber Sheath 
Compound for Electrical Insulated 
Cords and Cables (D 532-39T), as 
revised, be approved for reference to 
letter ballot of the Society for adoption 
as standard, failed to receive the neces- 
sary two-thirds vote of those voting at 
the session, the result of the vote being 
2 affirmative, 9 negative. 


Paper: 
The following paper was presented: 


A Method for the Testing of Adhesive Tape— 
William C. Geer and W. Burton Westcott, 
presented by Mr. Geer. 


SEVENTH SESSION—COAL, COKE, 
GASEOUS FUELS 
WEDNESDAY, JUNE 25, 2 P.M. 


Session Co-Chairmen: R. B. Harper; 


Fieldner. 


~ Committee D-5 on Coal and Coke: 


Report presented by A. C. Fieldner, 
chairman, and the following actions 
taken: 


d 
E 
ant 
0 - 
sed 
ised 


16 SUMMARY OF PROCEEDINGS _ 


Adopted as Standard: 

Test for Index of Dustiness of Coal and Coke 
(D 547 - 39 T) 

Withdrawal of Standard and Tentative Standard: 

Definition of the Term Coke (D 121 - 26 T) 

Spec. for Foundry Coke (D 17 — 16) 

Editorial Change Adopted: 


Laboratory Sampling and Analysis of Coal and 
Coke (D 271 - 40), elimination of note under 
Section 9 


Committee D-3 on Gaseous Fuels: 


Report presented by A. W. Gauger, 
chairman. 


Papers: 
The following papers were presented: 


A Laboratory Test for the Ignitibility of Coal’°— 
Ralph A. Sherman, J. M. Pilcher, and H. N. 
Ostborg, presented by Mr. Pilcher. 

A Study of the Grindability of Coal and the 
Fineness of Pulverized Coal when Using the 

_Lea-Nurse Air Permeability Method for 

Evaluating the Subsieve Fractions—J. B. 

_ Romer, presented from manuscript by the 
author. 

Studies on the Measurement of Water Vapor 
in Gases—F. C. Todd and A. W. Gauger, 
presented by Mr. Gauger. 


SEsSsION—ROAD AND PAVING 
MATERIALS, Biruminous MATE- 
RIALS, PETROLEUM 
WEDNESDAY, JUNE 25, 2 P.M. 
Session Chairman: Past-President T. G. 

Delbridge. 


Committee D-8 on Bituminous Water- 
proofing and Roofing Materials: 


Report presented, in the absence of 
the chairman, by E. H. Berger, vice- 
chairman, and the following actions 
taken: 


Accepted as Tentative: 
Revisions of: 


Spec. for Asphalt Roofing Surfaced with Pow- 
— dered Talc or Mica (D 224 - 37 T) 
Spec. for Asphalt Shingles Surfaced with 
Coarse Mineral Granules (D 225 - 37 T) 
Spec. for Asphalt-Saturated Roofing Felt for 


10 Published in ASTM BuLtetin, No. 112, October, 
1941, p. 23. 


Use in Waterproofing and in Constructing _ 


Built-Up Roofs (D 226 — 38 T) e 
Spec. for Asphalt Roofing Surfaced with Fine 
Mineral Granules (D 248-37 T) with a 
change in the revision as preprinted to 
retain the original weights per roll of 62 lb. 
and 52 lb. for the two grades of roofing, 
respectively, rather than to change the 
present requirements to 61 Ib. and 51 lb. 
Spec. for Asphalt Roofing Surfaced with 
Coarse Mineral Granules (D 249 - 37 T) 
Spec. for Asphalt Cap Sheet Surfaced with 
Coarse Mineral Granules (D 371 - 37 T) 


Adopted as Standard: 

Spec. for Asphalt for Use in Constructing Built- 
Up Roof Coverings (D 312 - 39 T) 

Spec. for Coal-Tar Pitch for Roofing, Damp- 
proofing, and Waterproofing (D 450 — 38 T) 
Spec. for Bituminous Grout for Use in Water- 
proofing Above Ground Level (D 170 - 39 T) 
Spec. for Bituminous Grout for Use in Water- 

proofing Below Ground Level (D 171 - 39 T) 

Spec. for Primer for Use with Asphalt in Damp- 
proofing and Waterproofing (D 41 — 39 T) 

Spec. for Creosote for Priming Coat with Coal- 
Tar Pitch in Dampproofing and Waterproofing 
(D 43 - 37 T) 

Spec. for Asphalt Mastic for Use in Waterproof- 
ing (Asphalt Cement, Mineral Filler, Mineral 
Aggregate) (D491-39T), with editorial 
change 

Test for Coarse Particles in Mixtures of 
Asphalt and Mineral Matter (D 313 - 37 T) 

Testing Bituminous Mastics, Grouts, and Like 
Mixtures (D 147 - 39 T), with editorial change 

Revision of Spec. for Coal-Tar Saturated Roofing 
Felt for Use in Waterproofing and in Con- 
structing Built-Up Roofs (D 227 - 27) 


Accepted as Information: 

Proposed Spec. for Coal-Tar Pitch for Steep Built- 
up Roofs, Dampproofing, and Waterproof- 
ing, not preprinted, accepted by unanimous 
consent for publication as information as an 
appendix to the report of Committee D-8, 
subject to approval by Committee E-6 on 
Papers and Publications. 


Committee D-4 on Road and Paving 
Materials: 


Report presented by J. E. Myers, 
chairman, and the following actions 
taken: 

Accepted as Tentative: > 

Tests for Modified Miscibility and Cement Mix- 
ing of Emulsified Asphalts 

Revision of Test for Abrasion of Coarse Aggre- 
gate by Use of the Los Angeles Machine 


eo 
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(C 131-39), with the following additional 
changes accepted by unanimous consent, this 
recommendation being presented jointly with 
Committee C-9 on Concrete and Concrete 
Aggregates: 

Section 3 (b).—In the proposed revision of 
this section, delete the requirements for grad- 
ing A, redesignating gradings B to Eas Ato D. 

Section 4.—In the proposed revision of this 
section, eliminate from the table the require- 
ments for grading A, redesignating gradings 
B to E as A to D; also delete the footnote to 
the table. 

In explanation of the changes proposed in 
these specifications, append to the revision the 
following explanatory note: 


EXPLANATORY Note.—The need for a wider 
range of gradings for use in the Standard 
Method of Test for Abrasion of Coarse Aggre- 
gate by Use of the Los Angeles Machine 
(C 131 - 39) has been met in part by the revi- 
sions presented this year by Committees C-9 
and D-4. The new gradings C and D provide, 
in particular, for tests of the finer sizes used 
in concrete and in bituminous surface treat- 
ments. However, a further expansion in the 
range of gradings is needed to permit of tests 
of larger sizes of concrete aggregates and of 
aggregates such as are required for penetration 
macadam, water-bound macadam and other 
types of construction utilizing the coarser 
materials. 

Gradings A and B, specified in the method 
as first adopted by the Society in 1937, require 
abrasive charges of 12 and 11 steel or cast iron 
spheres, approximately 1} in. in diameter, 
respectively. Research leading to the de- 
velopment of the test method showed these 
charges and gradings to give spbstantially the 
same results for the same miaterials. Simi- 
larly, the new gradings C and D requiring 8 
and 6 of the same spheres have been demon- 
strated to give approximately the same results. 
The data for these four gradings indicate the 
abrasive charges required for similar losses in 
tests of material from the same source to be 
a logarithmic function of the surface area of 
the test sample. 

Based on the relationship referred to, the 
committees proposed at their spring meetings 
to include requirements for a coarser grading 
consisting of 2500 g. of 2}- to 2-in. material 
and 2500 g. of 2- to 1}-in. material tested with 
an abrasive charge of 15 of the steel or cast 
iron spheres. Subsequent tests showed the 
losses thus obtained to be, with minor excep- 
tions, considerably lower than those found 
for the four gradings and charges specified 
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in the proposed revised test method. Also 
tests made with more than 15 spheres as the 
abrasive charge failed to show proportionate 
increases in loss. Accordingly, the recom- 
mendation of the coarser grading was with- 
drawn at the June meeting. 

In withdrawing that recommendation the 
committees instructed the subcommittees 
having the test method in charge to prepare 
the preceding statement in explanation of the 
basis for the revisions and to point to the need 
for further investigation. 

Adopted as Standard: on 

Spec. for Preformed Expansion Joint Filler for 
Concrete (Nonextruding and Resilient Types) 
(D 544 - 39 T) 

Methods of Testing Preformed Expansion Joint 
Fillers for Concrete (Nonextruding and Resili- 
ent Types) (D 545 - 39 T) 

Test for Sieve Analysis of Mineral Filler 
(D 546 - 39 T) 

This recommendation, not preprinted, for 
the adoption of the above three tentative 
standards was approved for reference to 
letter ballot of the Society subject to favorable 
letter ballot of Committee D-4," these three 
tentative standards having been proposed for 


continuation as tentative in the report as 
preprinted. 


It was announced that the committee 
had taken action to recommend to the 
Society through Committee E-10 on 
Standards subsequent to the annual 
meeting revisions in the following speci- 
fications and methods of test, which in 
the report as preprinted were proposed 
for continuation as tentative without 
revision. 


Spec. for Standard Sizes of Coarse Aggregate 
for Highway Construction (D 448 - 37 T) 

Methods of Sampling Bituminous Materials 
(D 140 - 39 T) 

Spec. for Crushed Slag for Bituminous Macadam 
Base anu surface Courses (D 487 — 39 T) 

Spec. for Crushed Stone for Bituminous Mac- 
adam Base and Surface Courses (D 192 - 39 T) 


It was also announced that the 
following additional recommendations 
would be presented to the Society 


1 Results of the letter ballot on this recommendation, 
indicating its approval. are given in the report of Com- 
mittee D-4, see p. 368. 
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through Committee E-10 subsequent 
to the annual meeting: 


Proposed Tentative Specifications for Slow Set- 
ting Emulsified Asphalt for Fine Aggregate 
Mixes. 

Proposed Tentative Specifications for Sodium 
Chloride 

Proposed Tentative Volume Correction Table 
for Tar and Coal-Tar Pitch, prepared jointly 
with Committee D-8 on Bituminous Water- 
proofing and Roofing Materials 

Tentative revision of Standard Method of Test 
for Ductility of Bituminous Materials 
(D 113 - 39) 

Tentative revision of Standard Methods of 
Chemical Analysis of Calcium Chloride 
(D 345 — 34) 


Committee D-18 on Soils for Engineering 
Pur poses: 


Report presented by C. A. Hogentogler, 
chairman, who stated that the Proposed 
Method of Test for Moisture Density 
Relations of Soil, appended to the report 
as information, would be acted on 
jointly by Committee D-18 and Com- 
mittee D-4 on Road and Paving Mate- 
rials before submission to the Society 
for publication as tentative. It was 
also announced that the Proposed Def- 
initions of Terms and Symbols Relating 
to Soil Mechanics, appended to the 
report as information, may be sub- 
mitted to Committee E-10 on Standards 
subsequent to the annual meeting, for 
publication as tentative. 


Committee D-2 on Petroleum Products 
and Lubricants: 


Report presented, in the absence of 
the chairman, by R, P. Anderson, 
secretary, and the following actions 
taken: 


Accepted as Tentative: 


Test for Aniline Point of Petroleum Products, 
with an editorial correction changing the tol- 
 erance for the 10-ml. pipette from “+ 0.4 ml.” 
to read “+ 0.04 ml.” é 
Test for Carbonizable Substances in Paraffin 
Wax, with the following change in the state- 


SUMMARY OF PROCEEDINGS _ 


ment of scope accepted by unanimous consent, 
subject to favorable letter ballot of Com- 
mittee D-2:” 

Section 1.—Change to read as follows by the 
addition of the italicized words and the omis- 
sion of those in brackets: 

1. This method of test is applicable to 
paraffin wax to ascertain whether it conforms 
to the standard of quality [prescribed by the 
U. S. Pharmacopoeia] required for pharma- 
ceutical use. 

Test for Ignition Quality of Diesel Fuels 

Test for Knock Characteristics of Aviation Fuels, 
with the following changes accepted by unani- 
mous consent, subject to favorable letter 
ballot of Committee D-2:! 

In the second paragraph of Footnote 2, 
change the second sentence to read as follows: 

Based on tests of a variety of aviation fuels 
in current aircraft engines and on service ex- 
perience this method satisfactorily rates such 
fuels for purposes of procurement and use 
under normal operating conditions 

Section 5 (q).—Change to read as follows by 
the addition of the italicized word and figure 
and the omission of the words in brackets: 

(q) Humidity of Intake Air.—{The maxi- 
mum permissible water content of the intake 
air shall be] 25 to 50 grains of water vapor per 
pound of dry air. 

Appendix I.—Change Paragraph A4 (d) to 
read as follows: 

(d) Valve Springs —Cadmium-plated. 
Pressure with valve open 104 + 6 lb., with 
valve closed 83 + 6 lb. 

Change the first sentence in Paragraph A5 
to read as follows by the addition of the itali- 
cized words and figure: 

Necessary when the air in the room where 
the engine is operated contains less than 25 
grains or more than 50 grains of water vapor 
per pound of dry air. 

Change Paragraph A7 to read as follows: 

A7. An evaporative cooling system with a 
water-cooled condenser coil above the coolant 
level. To maintain the specified temperature, 
a greater cooling capacity is required than for 
the apparatus specified in Tentative Method 
D 357. 

Spec. for Aviation Gasoline, with a revision 
accepted by unanimous consent, subject to 
favorable letter ballot of Committee D-2" 
providing for changing the requirement for 
acidity of distillation residue for all grades 
from “neutral” to read “shall not be acid.” 


_ 2 Results of the letter ballot on this recommendation, 
indicating its approval, are given in the report of Com- 
mittee D-2, see p. 339. 
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Revisions of: 


Test for Carbon Residue of Petroleum 
Products (Ramsbottom Carbon Residue 
(D 524 - 40 T) 


Test for Gum Stability of Gasoline (D 525 - 
40 T), with the following additional changes 
accepted by unanimous consent, subject to 
favorable letter ballot of Committee D-2:!* 
Section 2 (d).—In the first sentence change 

“precision of not less than 50 psi.” to read 

“precision of not more than 50 psi.” 

Section 3 (c).—Add the following as a note 
in connection with the second sentence: 

Notre.—It is permissible to add a higher 
boiling liquid such as ethylene glycol to the 
water in order to maintain the operating tem- 

perature of the bath at 212 + 0.2 F. (100 + 

0.11 C.). 

Section 5.—In the second sentence change 


“20 per cent” to read “10 per cent.” 
Test for Neutralization Number of Petroleum 


Products and Lubricants (D 188 - 27 T), with 
the following change accepted by unanimous 
consent, subject to favorable letter ballot of 
Committee D-2:! 

Sections 1, 2 and 6.—Change the words 


“mineral acid” wherever they occur in these 
sections to read “strong acid.” 


Test for Saponification Number (D 94 - 39 T), 


with the following change accepted by unani- 
mous consent, subject to favorable letter 
ballot of Committee D-2:! 

Section 2 (a). Change to read as follows 
by the addition of the italicized words and the 
omission of those in brackets: 

An Erlenmeyer flask of 300-ml. capacity 
akali-resistant, to which an adequate reflux 
or mushroom-type condenser is attached by 
means of a ground-glass joint. [The Erlen- 
meyer flask should preferably be made of 
Pyrex, Jena G-20, or equivalent alkali- 
resistant glass.] 


° Pyrex and Kimble resistant glasses are suitable. 


Test for Sulfur in Petroleum Oils by Lamp 


Method (D90-34T), with the following 
changes accepted by unanimous consent, sub- 
ject to favorable letter ballot of Commit- 
tee D-2:!2 

Section 3 (c).—Change to read as follows 
by the addition of the italicized words and 
figures and the omission of those in brackets: 

Dissolve 0.1 g. of methyl red in (100 ml. of 
ethyl alcohol (60 per cent)| 6 ml. of 0.0624 N 
solution of NaOH and dilute to 100 ml. with 
distilled water. 
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Test for Tetraethyl Lead in Gasoline 
(D 526 - 39 T) 

Test for Knock Characteristics of Motor Fuels 
(D 357 — 40), in the form of separate tentative 
methods, to replace immediately the existing 
standard; this recommendation, not pre- 
printed, was accepted by unanimous consent, 
subject to favorable letter ballot of Com- 
mittee D-2." 

Test for Carbonizable Substances in White Min- 
eral Oil (Liquid Petrolatum) (D 565 - 40 T), 
with the following change, not preprinted, ac- 
cepted by unanimous consent, subject to 
favorable letter ballot of Committee D-2:! 

Section 1.—Change to read as follows by the 
addition of the italicized words and the omis- 
sion of those in brackets: 

1. This method of test is applicable to white 
mineral oil (liquid petrolatum) to ascertain 
whether it conforms to the standard of quality 
[prescribed by the U. S. Pharmacopoeia] 
required for pharmaceutical use. 


Adopted as Standard: 


Test for Distillation of Plant Spray Oils 
(D 447 - 40 T), as revised 

Test for Vapor Pressure of Petroleum Products 
(Reid Method) (D 323-40 T), as revised 

Method for Calculating Viscosity Index 


(D 567 - 40 T) 
Revisions of: 
Test for Distillation of Crude Petroleum 
(D 285 — 36) 
Test for Carbon Residue of Petroleum 
Products (Conradson Carbon Residue) 
(D 189 — 39) 


Test for Distillation of Gas Oil and Similar 
Distillate Fuel Oils (D 158 — 38) 


Published as Information Only: 


Proposed Method for Conversion of Kinematic 
Viscosity to Saybolt Furol Viscosity 
Proposed Method of Test for Neutralization 
Number of Petroleum Products by Electro- 
metric Titration, with the following changes 
accepted by unanimous consent, subject to 
favorable letter ballot of Committee D-2:" 
Section 3.—Change the dimensions of the 
glass electrode in Paragraphs (b) and (c) to 
read as follows: 


18 Committee D-2 reported results of the letter ballot 
vote as follows: Of a total voting membership of 79, 58 
members returned their ballots, of whom 52 voted affirma- 
tively, 0 negatively. 
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Revised 
12.5 to 18.0 cm. 
0.8to 1.4 cm. 


Present 
hee to 13.5 cm. 
3 (b)..4 1.0to 1.4 cm. 


Section 


{| 0.5to 0.7 cm. about 0.7 cm. 

12.5 to 13.5 cm. 12.5 to 18.0 cm. 

3(c)..} 1.0to 1.4cm. 0.8to 1.4cm. 
2.0to 2.5 cm. 0.8to 2.5 cm. 


add “or holes” 


Section 6 (b).—In the seventh sentence 
change ‘0.3 v.” to read “0.03 v.”; also make 
the same change in footnote 6. 

Proposed Method of Test for Neutralization 
Number of New and Used Crankcase Oils 
Proposed Method of Test for Potential Gum in 

Aviation Gasoline, with the following changes 
accepted by unanimous consent, subject to 
favorable letter ballot of Committee D-2:" 

Section 2 (c).—Change “not less than 
50 psi.” to read “not more than 50 psi.” 

Change Paragraph (i) to read as follows: 

A sintered-glass Gooch crucible, fine poros- 
ity, of 25-ml. nominal capacity shall be used. 

Section 3.—Omit this section which de- 
scribes the preparation of the Gooch crucible, 
renumbering the remaining section accord- 
ingly. 

Section 4 (c).—Change the second sentence 
to read as follows: 

Maintain the temperature of the water at 

212.0 + 0.2 F. (100 + 0.11 C.). 

Section 4 (e). Change to read as follows: 

(e) Drain the oxidized sample from the glass 
liner into a beaker. To remove any insoluble 
gum, wash the interior of the liner and the 
catalyst together twice, using a fresh 10-ml. 
portion of the solvent (Note 6) for each wash- 
ing. Add these washings to the oxidized 
sample, shake the mixture, and filter. Re- 
serve the filtrate for the gum determination 
(Paragraphs (f) and (g)). 

Nore 10.—Avoid exposing the sample to 
daylight prior to and during this test. At the 
end of the test no visible precipitate shall be 
present in the glass liner. 

Section 4 (g).—In the first sentence change 
the phrase “pour the filtrate into the beaker” 
to read “pour exactly one half of the filtrate 
plus washings into the beaker.” 

Section 4 (h).—In the first sentence add “‘per 
100 ml.” after “6.0 mg.” 

Diesel-Fuel-Oil Classification 


0.1-cm. hole 


Sectional Committee Z11l on Petroleum 
Products and Lubricants: 


Report presented from manuscript, 
‘4 Committee D-2 reported results of the letter ballot vote 
as follows: Of a total voting membership of 79, 58 members 
returned their ballots, of whom 46 voted affirmatively, 1 
negatively. 


in the absence of the chairman, by the 


chair. 


The following papers were presented: 


The Influence of Recovery Temperature on the 
Ductility of the Recovered Asphalt—Carl 
Bussow, presented by title. 

Fundamental Significance of Oliensis Spot Test 
—Quantitative Tests for Homogeneity—G. 
L. Oliensis, presented by the author. 

Performance Specifications for Greases—Robert 
C. Adams and Harrison E. Patten, presented 
by Mr. Adams. 


NINTH SESSION—MARBURG LECTURE 
AND DupLEY MEDAL AWARD 


WEDNESDAY, JUNE 25, 4.15 P.M. 


Session Chairman: President W. M. 
Barr. 


In introducing the Sixteenth Edgar 
Marburg Lecturer, President Barr ex- 
plained briefly the purpose of this annual 
memorial lecture, established 16 years 
ago as a means of honoring and per- 
petuating the memory of the first 
Secretary-Treasurer of the Society, Ed- 
gar Marburg, thus commemorating one 
who contributed so much to the 
A.S.T.M. during the years of its early 
development. It brings to the Society 
membership valuable expositions by 
authorities in the sciences and in en- 
gineering concerning important develop- 
ments in the field of engineering ma- 
terials. 

He then presented. Dr. H. L. Fisher, 
Director of Organic Research, U. S. 
Industrial Chemicals, Inc., and Air 
Reduction Co., Stamford, Conn., who 
had chosen as the subject of the lecture 
“Natural and Synthetic Rubbers.” 
Doctor Fisher presented a comprehensive 
picture of the chemical and _ physical 
characteristics of crude rubber and the 
many synthetic rubber compositions, re- 
viewing the contributions that research 
had made to the knowledge of the chem- 
istry and physics of rubber, resulting in 
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improved compounding and curing which 
have lengthened the life of the material 
and made possible applications, espe- 
cially in engineering, which were previ- 
ously impossible. The synthetic rubbers 
were reviewed at considerable length by 
the lecturer and he described the general 
structure of the many available composi- 
tions, their commercial production, 
properties, and applications. At the 
conclusion of the lecture, Doctor Fisher 
gave a detailed summary to indicate in 
what respects synthetic rubber com- 
pounds are superior to na’ tral rubber 
compounds; and he also pointed out 
those properties in which natural rubber 
exhibits superiority over the synthetic 
compositions now available. 

President Barr, in expressing ap- 
preciation to Doctor Fisher for his fine 
exposition on a subject of particular 
interest to the A.S.T.M., presented to 
him, on behalf of the Society, the 
Edgar Marburg Lecture Certificate. 


President Barr then introduced R. W. 
Crum, chairman of the Dudley Medal 
Committee, who presented, as the re- 
cipient of the fifteenth award of the 
Charles B. Dudley Medal, Dr. C. W. 
MacGregor, Associate Professor of Ap- 
plied Mechanics, Massachusetts Insti- 
tute of Technology, for his paper on 
“The Tension Test,” presented at the 
1940 Annual Meeting of the Society. 
Mr. Crum explained that the medal is 
awarded annually by the Society to 
the author of a technical paper con- 
sidered to be of outstanding merit, and 
constituting an original contribution on 
research in engineering materials. In 
thus recognizing meritorious contribu- 
tions in the materials field, the medal 
commemorates the name of the first Pres- 
ident of the Society, Charles B. Dudley. 

On behalf of and as the representative 
of the Society, President Barr then made 
the fifteenth award of the Charles B. 
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Dudley Medal to Doctor MacGregor. 

In expressing appreciation of the 
honor conferred upon him by this award 
Doctor MacGregor made the following 
remarks: 


It gives me a great deal of pleasure to receive 
this Dudley Medal. I wish to express my deep 
appreciation of this high honor which this Medal 
confers and at the same time extend my sincere 
thanks to the American Society for Testing 
Materials and the Dudley Medal Committee. 
This Medal, I am sure, will be a source of great 
inspiration to me in the future, and I only hope 
that, whatever future results we may get, I will 
obtain some results which will justify somewhat, 
or at least in some measure, the confidence which 
you have expressed in me today. Again, I 
thank‘ you. 


The session was then followed by an 
informal reception arranged by the 
Chicago Committee during which op- 
portunity was provided for the members, 
guests, and their ladies to meet the new 
and retiring officers of the Society. 

The evening was designated as Of- 
ficers’ Night in the Exhibit of Testing 
Apparatus and Related Equipment and 
many of the past and present officers 
attended. 

TENTH SESSION—STEEL, EFFECT 
OF ‘TEMPERATURE 
THURSDAY, JUNE 26, 9.30 A.M. 


Session Co-Chairmen: President W. M. 
Barr; P. G. McVetty 


Committee E-4 on Metallography: 


Report presented by L. L. Wyman, 
chairman. 
Joint Research Committee on Effect of 


Temperature on the Properties of Met- 
als: 


Report presented by N. L. Mochel, 
chairman, and the following action 
taken: 

Adopted as Standard: 
Test for Long-Time (Creep) High-Temperature 

Tension Tests of Metallic Materials (E 22 - 

38 T), as revised ee 
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Mr. Mochel then called upon F. B. 
Foley to present from manuscript the 
report on Impact Resistance and Tensile 
Properties of Metals at Subatmospheric 
Temperatures, prepared by H. W. Gil- 
let, which is to be issued as a separate 


publication. 
Committee A-1 on Steel: _ 


Report presented by N. L. Mochel, 
chairman, and the following actions 
taken: 


Accepted as Tentative: 


Spec. for Low-Alloy Structural Steel, with the 
following change accepted by unanimous 
consent, subject to favorable letter ballot of 
Committee A-1:" 

Section 4 (a).—Change the requirement as 
preprinted for maximum manganese content 
in ladle analysis and check analysis, respec- 
tively, from “1.00” and “1.05” to read “1.25” 
and “1.30” per cent. 

Section 7.—Add a new Paragraph (d) to 
read as follows: 

(d) For material under ,'; in. in thickness 
or diameter, a deduction from the percentage 
of elongation in 8 in. specified in Paragraph (a) 
of 1.25 per cent shall be made for each decrease 
of 4, in. of the specified thickness or diameter 
below fs in. 

Spec. for Carbon-Steel and Alloy-Steel Ring and 
Disk Forgings with the following changes 
accepted by unanimous consent subject to 
favorable letter ballot of Committee A-1:" 

Section 1 (b).—Substitute for Paragraph 
(b) as preprinted, the following new Para- 
graphs (b) and (c) relettering the subsequent 
paragraph accordingly: 

(b) A ring-shaped or a disk-shaped forging 
whose length as measured on its longitudinal 
axis is less than its diameter or major trans- 
verse dimension is considered a ring or a disk 
within the meaning of these specifications. 

(c) It is recognized that certain hollow 
cylindrical forgings whose length as measured 


on their longitudinal axes are more than — 


their diameters or major transverse dimen- 


sions may be considered rings within the scope 


of these specifications if they have been 
forged in a manner similar to that of rings, 
namely, expanded in diameter on a mandrel. 

Section 2 (b).—Renumber as Section 3 on 


15 Results of the letter ballot on this recommendation, 
indicating its approval, are given in the report of Com- 


mittee A-1, see p. 71 


SUMMARY OF 


Manufacture and change from its form as 
preprinted to read as follows: 

3. The forgings shall receive their hot 
mechanical work under a press or a hammer, 
or in a mill, each of ample power to work 
the metal uniformly throughout its section. 


Section 4.—Omit this section as preprinted, 
renumbering the subsequent sections ac- 
cordingly. 

Section 9.—Change the second sentence 
from its form as preprinted to read as follows: 

Drillings for analysis may be taken from the 
forging or from a full-size prolongation or 
extension, at any point midway between the 
inner and outer surfaces of the prolongation 
left on one end of a ring forging or at any point 
midway between the upper and lower surfaces 
of the prolongation left on the rim of a disk or 
ring forging, or turnings may be taken from a 
test specimen. 

Section 10,—Change Paragraphs (6) and (c) 
from their form as preprinted to read as 
follows: 

(b) The size classification as shown in 
Table II shall be determined for a ring forging 
by its thickness or width, whichever is the 
lesser dimension. The thickness shall be 
measured by the difference between the out- 
side and inside radii. The width shall be 
measured parallel to the axis of the ring. 

For a disk forging the size classification 
shall be determined by its thickness as 
measured parallel to its axis. 

(c) The prolongation or extension for test 
specimens shall be added in the location which 
will not increase the lesser dimension of the 
section, and hence not change the size classifi- 
cation of the forging. 

In the first sentence of Paragraph (d) change 
the crosshead speed from “4 in. per min.” to 
read “3 in. per min.” 

Section 12.—Substitute for Paragraphs (a) 
and (4) as preprinted, the following new para- 
graphs (a) to (f) relettering the subsequent 
paragraphs accordingly : 

(a) Tension test specimens and, if specified, 
bend test specimens for forgings weighing 5000 
lb. or more each, shall be taken from exten- 
sions of the forgings; or when approved by the 
purchaser, the test specimens may be taken 
from the forgings with a hollow drill. 

(b) For forgings weighing less than 5000 
lb. each, subject to the requirements of Section 
13, test specimens shall be taken as specified 
in Paragraphs (c), (d), (e), and (f). 

(c) Unless otherwise specified, coupons for 
test specimens may be prepared from a small 
test ingot taken during the pouring of the 
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steel, or from a portion of the billet used to 
make the forgings. The coupons shall receive 
approximately the same amount of mechanical 
work and the same heat treatment as the 
forgings they represent. 

(d) When specified, the test specimens shall 
be taken from a prolongation or extension of 
the forging, except as prescribed in Paragraph 
( 
a When tests are to be taken from pro- 
longations or extensions of the forgings, unless 
otherwise specified, at least 20 per cent of the 
forgings from each melt shall have such 
prolongations or extensions which shall be 
made on the outside diameter or edge of a 
disk, or on the width or thickness of a ring (see 
Section 10 (c)). 

(f) Test specimens may be taken from a 
forging if the manufacturer elects to submit a 
forging to represent each test lot in lieu of 
extensions; or when approved by the 
purchaser, the test specimens may be taken 
from the forgings with a hollow drill. 


Section 13.—Omit Paragraph (c) and (d) as 
preprinted, relettering the subsequent para- 
graphs accordingly, and add new Paragraphs 
(c) and (e) to read as follows: 

(c) For heat-treated forgings weighing less 
than 5000 Ib. each, one tension test shall be 
made from each size classification represented 
in each melt in each annealing or normalizing 
charge; or froth each size classification in each 
melt in each normalizing or quenching charge 
represented in each tempering charge. 

(e) When bend tests are specified by the 
purchaser the number shall be the same as 
for tension tests specified in Paragraphs (a), 
(b), and (c). 

Spec. for Carbon-Steel and Alloy-Steel Blooms, 
Billets, and Slabs for Forgings, comprising a 
tentative revision of the Standard Specifica- 
tions A 17-29, with the following changes 
accepted by unanimous consent, subject to 
favorable letter ballot of Committee A-1:% 


Section 2.--Change from its form as pre- 
printed to read as follows: 

2. These specifications cover standard forg 
ing quality material. Requirements other 
than, or more restrictive than those prescribed 
herein will constitute a special requirement 
quality, details of which shall be agreed upon 
by the manufacturer and the purchaser. 


Table I.-Make the following changes in the 
chemical requirements as preprinted: 


Steel 1021 
Steel 1030 | Carbon, per cent |0.27 to 0.33/0.28 to 0.34 


Steel 3316* | Carbon, per cent |0.13 to 0.18/0.14 to 0.19 | 
Steel 4140 | Carbon, per cent |0.37 to 0.44|0.38 to 0.45 


Steel 4150 | Molybdenum, per 0.15 to 0.25]0.15 to 0.27 


Steel 4320 | Carbon, per cent 0.18 to 0.23/0.17 to 0.22 
Steel 4336 | Carbon, per cent |0.32 to 0.38/0.34 to 0.40 
Steel 4341 | Carbon, per cent |0.37 to 0.44/0.38 to 0.45 
Steel 4620 | Carbon, per cent |0.18 to 0.23/0.17 to 0.22 _ 
Steel 4820 | Manganese, per |0.30 to 0.60]0.40 to 0.70 


Change To Read 


Type Element 


Manganese, per |0.60 to 0.90/0.70 to 1.00 
cent 


Manganese, per |0.60 to 0.90|0.70 to 1.00 
cent 


cent 


cent 


Spec. for Heat-Treated Wrought Steel Wheels, 


Spec. for Seamless Carbon-Molybdenum Alloy- 


| 


This type number formerly read “3315.” 


Section 11.—Omit this section as preprinted — 
renumbering the subsequent sections agcord- 
ingly. 


with the following editorial changes to bring 
Section 12 in line with the corresponding 
specifications of the Association of American 
Railroads: 

Section 12 (a).—Add the words “by cla.s,” 
so that the sentence will read: “The wheels 
shall be mated by class as to one-half tape 
size and shipped in pairs.” 

Section 12 (b).—Delete this section. 


Spec. for Light Gage Structural Quality Flat 


Hot-Rolled Carbon Steel 0.2499 and 0.1874 
in. to 0.0478 in. Inclusive, in Thickness with — 
the following change accepted by unanimous 
consent, subject to favorable letter ballot of 
Committee A-1:% 

Table 1.—Change the specified gage weight 
of “2.000 and heavier” to read “1.875 and 
heavier,” and omit the permissible variations 
from specified gage weight for weights 1.874 
and lighter. 


Spec. for Light Gage Structural Quality ‘Flat 


Rolled Carbon Steel 0. 0477, in. to 0.0225 in. 
Inclusive, in Thickness 


Revisions of: 
Spec. for Alloy-Steel Forgings for Locomotives 


and Cars (A 238 —- 40 T) 


Spec. for Seamless Carbon-Molybdenum Alloy- 


Steel Boiler and Superheater Tubes (A 209 — 
40 T) 
Steel Pipe for Service at Temperatures from 
750 to 1000F. (A 206-40T); with the 
following additional changes accepted by 
unanimous consent, subject to favorable letter 
ballot of Committee A-1:" 

Sections 2 (d), 12 and Paragraphs S5 and 
S7.—Change the mandatory grain size re- 
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- purchaser to make this optional with the 


purchaser, adding at the appropriate portions 

of these sections and paragraphs the phrase: 

4 “When requested by the purchaser and so 

stated in the order.” 

Section 2 (e).—Add the phrase: “When the 

_ steel melting practice specified in Section 2 (d) 

d is required,” in order to bring this section into 

agreement with the new policy of optional 

grain size requirements. 
Section 20 (c), Items (2) and (3).—The 

_ proposed changes in these sections as pre- 

printed in the report were withdrawn, thus 
continuing the present requirements concern- 
ing surface conditions. 

Spec. for Seamless Alloy-Steel Pipe for Service 
at Temperatures from 750 to 1100 F. (A 158 — 
40 T); with the following additional changes 
accepted by unanimous consent, subject to 

4 favorable letter ballot of Committee A-1:'5 
Table I.—Change the carbon content of 

grade P 5c (4 to 6 per cent chromium-molyb- 

denum stabilized with titanium or colum- 
bium) from “0.10 or as specified 0.15 max.,” 
to read “0.12 max.” per cent; change the 

- titanium content from its present value of “4 

to 6 times carbon” to read “min., per cent, 4 

times the actual carbon; max. 0.70” per cent. 

Section 19 (c), Items (2) and (3).—The 
proposed changes in these sections as pre- 
printed in the report were withdrawn, thus 
continuing the present requirements concern- 
ing surface conditions. 

Spec. for Steel for Bridges and 
(A 7 - 39) 

Spec. for Lap-Welded and Seamless Steel and 
Lap-Welded Iron Boiler Tubes (A 83 - 40) 

Spec. for Electric-Fusion-Welded Steel Pipe 
(Sizes 8 in. to but not Including 30 in.) 

— (A- 139 - 39), with the following changes, not 

_ preprinted, accepted by unanimous consent, 

- subject to favorable letter ballot of Com- 

mittee A-1:% 

Section 1.—Change the second sentence to 
read as follows by the omission of the words 
and figures in brackets: 

The pipe is intended for conveying liquid, 
gas, or vapor [at temperatures below 450 F.]; 
and only grade A is adapted for flanging and 
bending. 

Section 14 (a).—Change the requirement on 
the pipe bevel from its present figure of “45 
deg.” to read “37.5 deg.” Throughout this 
to read 


Buildings 


section change the figure “45 deg.” 
“37.5 deg.” 
Spec. for Electric-Resistance-Welded Steel Pipe 
(A 135 - 34), with the following additional 
. change, not preprinted, accepted by unani- 
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mous consent, olitn to favorable letter 
ballot of Committee A-1:5 

Sections 1 and 14 (a).—Make the same 
change in these sections as recommended 
above in Specifications A 139 — 39, 

Spec. for Electric-Fusion-Welded Steel Pipe 
(Sizes 30 in. and Over) (A 134 - 39), with the 
following change, not preprinted, accepted by 
unanimous consent, subject to favorable letter 
ballot of Committee A-1:% 

Section 1.—Change the second sentence 
to read as follows by the omission of the words 
and figures in brackets: 

The pipe is intended for conveying liquid, 
gas, or vapor [at temperatures below 450 F.] 

Spec. for Forged or Rolled Steel Pipe Flanges for 
General Service (A 181 — 37) 

Spec. for Welded and Seamless Steel Pipe 
(A 53 — 40) 

Spec. for Black and Hot-Dipped Zinc-Coated 
(Galvanized) Welded and Seamless Steel Pipe 
for Ordinary Uses (A 120 - 40) 

Spec. for Seamless Cold-Drawn Alloy-Steel (4 to 
6 per cent Chromium) Heat-Exchanger and 
Condenser Tubes (A 187 — 40) 

Spec. for Seamless Alloy-Steel Boiler and Super- 
heater Tubes (A 213 - 40), with the following 
change, not preprinted, accepted by unani- 
mous consent, subject to favorable letter 
ballot of Committee A-1:"5 

Table I.—Under grade T16 (chromium- 
molybdenum-titanium) change the carbon 
content from “0.10 max.” to read “0.12 max.”; 
also change the titanium content from “0.35 
to 0.60” to read “min., per cent, 4 times actual 
carbon; max. 0.70 per cent.” 

Spec. for Carbon-Steel Castings Suitable for 
Fusion Welding for Service at Temperatures 
up to 850 F. (A 216-40 T), with the follow- 
ing changes, not preprinted, accepted by 
unanimous consent, subject to favorable letter 
ballot of Committee A-1:% 

Section 1.—Change the last two sentences 
in Note 2 to read as follows: 

Grade WCB is applicable to the design 
standards formulated by the Sectional Com- 
mittee on Standardization of Pipe Flanges and 
Fittings, under the procedure of the American 
Standards Association, as given in the Ameri- 
can Standard for Steel Pipe Flanges and 
Flanged Fittings (ASA No.: B16e—- 1939). 
The Sectional Committee is now developing 
pressure ratings for the other grade of material 
covered in these specifications. 

Section 16.—Delete the Note, and insert a 
new paragraph (6) to read as follows: 

(b) Finished products shall be marked in 
accordance with the Standard Marking System 
for Valves, Fittings, Flanges, and Unions (No. 
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SP-25-1936) of the Manufacturers Standard- 
ization Society of the Valve and Fittings 
Industry. 

Spec. for Alloy-Steel Castings Suitable for Fusion 
Welding for Service at Temperatures from 750 
to 1100 F. (A 217 - 40 T), with the following 
changes, not preprinted, accepted by unani- 
mous consent, subject to favorable letter ballot 
of Committee A-1:'5 

Section 1.—Change the last two sentences 
in Note 2 to read as follows: 

Grades WC1 and WC4 are applicable to the 
design standards formulated by the Sectional 
Committee on Standardization of Pipe Flanges 
and Fittings, under the procedure of the 
American Standards Association, as given in 
the American Standard for Steel Pipe Flanges 
and Flanged Fittings (ASA No.: B16e — 1939). 
The Sectional Committee is now developing 
pressure ratings for the other grades of ma- 
terial covered in these specifications. 

Section 17.—Make the same change in this 
section as recommended above in Specifica- 
tions A 216 - 40 T. 


Following similar action as mentioned 
above in the case of Specifications 
A 206-40 T and A 158 — 40 T, the ten- 
tative revision of Standard Specifications 


A 106-40 appearing in the report as 
preprinted was withdrawn by the com- 
mittee. 


Adopted as Standard: 

Spec. for Hot-Worked High-Carbon Steel Tie 
Plates 

Spec. for High-Strength Structural Rivet Steel 
(A 195 - 39 T) 

Spec. for Hard-Drawn Steel Spring Wire (A 227 
T) 

Spec. for Steel Music Spring Wire (A 228 — 39 T) 

Spec. for Oil-Tempered Steel Spring Wire 
(A 229 - 39 T) 

Spec. for Carbon-Steel Valve Spring Quality 
Wire (A 230 - 39 T) 

Spec. for Chromium-Vanadium Steel Spring 
Wire (A 231 - 39 T) 

Spec. for Chromium-Vanadium Steel Valve 
Spring Quality Wire (A 232 - 39 T) 

Spec. for Carbon-Steel Castings Suitable for 
Fusion Welding for Miscellaneous Industrial 
Uses (A 215 - 39 T), as revised. 


Revisions of: 

Spec. for Wrought Steel Wheels for Electric 
Railway Service (A 25 — 36), with a correction 
in Section 8 on diameter of hub, as preprinted, 
by addition of the following sentence: 

The thickness of the hub wall in any wheel 


shall not vary more than } in. at any two. 
points equidistant from face of hub. 

Spec. for Lap-Welded and Seamless Steel Pipe 
for High-Temperature Service (A 106-40), 
with the following additional change, ac- 
cepted by unanimous consent, subject to 
favorable letter ballot of Committee A-1:% 

Table I.—Change the requirement for 
manganese content of grade A (seamless) from 
“0.30 to 0.60” to read “0.30 to 0.90,” per cent. 

Spec. for Alloy-Steel Castings for Valves, 
Flanges, and Fittings for Service at Tempera- 
tures from 750 to 1100 F. (A 157 - 40), with 
the following additional change, accepted by 
unanimous consent, subject to favorable letter 
ballot of Committee A-1:% 

New Grade.—Add a new grade of chromium- 
molybdenum steel, designated C 12, making 
the necessary changes in Tables I and II and 
editorially in other sections of the specification, 
the requirements for chemical composition and 
tensile properties being as follows: 


Chemical Requirements: 
Carbon, per cent 
Manganese, per cent 
Phosphorus, per cent 
Chromium, per cent 
Molybdenum, per cent 


Grade C 12 


0.3 max. 
1.00 max. 
0.05 max. 
0.06 max. 
1.00 max. 
8.00 to 10.00 
1.10 to 1.50 


Grade C 12 


Section 17.—Delete the Note and insert a 
new Paragraph (b) reading as follows: 

(b) Finished products shall be marked in ac- 
cordance with the Standard Marking System 
for Valves, Fittings, Flanges, and Unions 
(No. SP-25-1936) of the Manufacturers 
Standardization Society of the Valve and 
Fittings Industry. 

Spec. for Carbon-Steel Castings for Valves, 
Flanges, and Fittings for High-Temperature 
Service (A 95 — 40), with the following change, 
not preprinted, accepted by unanimous con- 
sent, subject to favorable letter ballot of 
Committee A-1:% 

Section 16.—Make the same change in this 
section as recommended above in Section 17 
of Specifications A 157 — 40. 


Physical Requirements: 


Tensile strength, min., psi 

Yield point, min., psi.............. 
Elongation in 2 in., min., per cent.. 
Reduction of area, min., per cent.. 


Sectional Committee B36 on Standarization 
of Dimensions and Materials of 
Wrought Iron and Wrought Steel Pipe 
and Tubing: 

Progress report presented in the 
absence of the chairman, by Sabin 

Crocker, secretary. 
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Committee A-9 on Ferro-Alloys: 


Report presented, in the absence- of 
the chairman, by the Assistant Secretary, 
and the following actions taken: 


Adopted as Standard: 
Spec. for Spiegeleisen (A 98 - 39 T) 


The Tentative Specifications for Fer- 
rochromium (A 101-39T) were con- 
tinued as tentative. 


Committee A-10 on Iron-Chromium, Iron- 
_ Chromium-Nickel, and Related Alloys: 


_ Report presented by Jerome Strauss, 
chairman, and the following actions 
taken: 


Adopted as Standard: 


Recommended Practice for Conducting Plant 
Corrosion Tests (A 224-39 T), as revised 
Spec. for Corrosion-Resisting Chromium-Nickel 
- Steel Sheet, Strip, and Plate for Fusion- 
Welded Unfired Pressure Vessels (A 240- 

40 T) 


Revisions of: 


The revision proposed for immediate 


adoption in the Standard Specifications 
for High-Strength Corrosion-Resisting 
Chromium-Nickel Steel Sheet and Strip 
(A 177-39), which appeared in the 
report as preprinted, was withdrawn by 
the committee subject to favorable letter 
ballot of Committee A-10.'® 


Spec. for Corrosion-Resisting Chromium Steel 
Sheet, Strip, and Plate (A 176 - 39) 

Spec. for Corrosion-Resisting Chromium- 
Nickel Steel Sheet, Strip and Plate 
(A 167 — 39) 


Papers: 


The following papers were presented: 


The Effect of Carbide Spheroidization upon the 
Creep Strength of Carbon-Molybdenum Steel 
—S. H. Weaver, presented from manuscript 
by the author. 

The Fabrication of Carbon-Molybdenum Piping 


% Results of the letter ballot on this recommendation, 
indicating its approval, are given in the report of Com- 
mittee A-10, see p. 129. 


for High-Temperature Service—R. W. Emer- 
son, presented by the author. - 

Compression and Tension Tests for Structural 
Alloys—Bruce Johnston and Francis Opila, 
presented from manuscript by Mr. Opila. 

The Stress-Strain Characteristics of Cold-Rolled 
Austenitic Stainless Steels in Compression as 
Determined by the Cylinder Test Method— 
Russell Franks and W. O. Binder, presented 
by Mr. Franks. 

Addition of Bismuth for Producing Free-Machin- 
ing Stainless Steels—H. Pray, R. S. Peoples, 
and F. W. Fink, presented by Mr. Pray. 


ELEVENTH SESSION—TIMBER, TEXTILEs, 
PAINT, SOAP, PAPER, FIRE 
TEsTs OF MATERIALS 


THURSDAY, JUNE 26, 9.30 A.M. 


Session Co-Chairmen: Past-President 
Hermann von Schrenk; R. D. Bonney. 


Committee D-7 on Timber: 


Report presented by Hermann von 
Schrenk, chairman, and the following 
actions taken: 


Adopted as Standard: 

Test for Tar Acidsin Creosote and Creosote-Coal 
Tar Solutions (D 453 - 39 T) 

Revision of Definitions of Term Relating to 
Timber Preservatives (D 324 — 33), term 
water-gas tar 

Committee C-5 on Fire Tests of Materials 
and Construction: 


Report presented, in the absence of 
the chairman, by H. M. Robinson, 
secretary, and the following actions 
taken: 


Accepted as Tentative: 
Test for Fire-Retardant Properties of Wood 


Adopted as Standard: 


Fire Tests of Door Assemblies (C 152 — 40 T) 

Revision of Spec. for Fire Tests of Building 
Construction and Materials (C 19 —- 33; ASA 
A2-1934), as revised 


Committee D-10 on Ship ping Containers: 


Report presented, in the absence of 
the chairman, by the chair. 
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i Committee D-6 on Paper and Paper tion changing the maximum value as pre- 
> : printed from “10.0 per cent” to read “1.0 per 
Products: 
ila, Report presented by Lewis S. Reid, Spec. for Barium Sulfate Pigments with the 
following changes accepted by unanimous 
led chairman, and the following actions miele, 
| as taken: a | Section 2 (a).—Change the text from its 
d— - form as preprinted to read as follows: 
ted Adopted as Standard: a a (a) The pigment shall consist of barium 
sulfate (BaSO,) without any admixture of 
nin- Test for Bulking Thickness of Paper (D 527 - other materials in the case of blanc fixe, and 
les, 39 T) ; ees - without any admixture of other materials not 
Test for Machine Direction of Paper (D 528 - naturally occurring in the barite ore in the 
39 T) _ case of barytes, and which conform to the ; 
ES, Test for Water-Soluble Acidity or Alkalinity of following requirements. 
Paper (D 548 - 39 T) In the Table of requirements for composi- 
Test for Resin in Paper (D 549 - 39 T) tion and properties add the following new 
: requirement for free silica: 
It was announced that the committee ‘ Blanc 
arytes ixe 
ent plans to present to the Society through — eee 
ey. Committee E-10 on Standards, sub- other foreign materials), 
sequent to the annual meeting, the max., per cent............. 2.0 2.0 
following six methods for publication as 
tentative, the first three having appeared for Mica Pigment 
von nf spec. for Aluminum Silicate Pigment 
in in the preprinted report as information: Spec. for Magnesium Silicate Pigment with the 
following change accepted by unanimous 
Test for Folding Endurance of Paper couseat: 
Test for Basis Weight of Paper . Section 2 (a).—Add a new requirement to 
Test for Thickness of Paper and Paper Products the table to read ‘Magnesium oxide, per 
Coal Method for Conditioning Paperboard and Fiber- cent .. .20.0 to 32.0.” 
board and Paperboard Containers for Testing Spec. for Lead Titanate 
g to Boxes for Testing Spec. for Dibutylphthalate 
erm Method for Compression Testing of Corrugated — preparation of Steel Panels for Exposure Tests 
_ and Solid Fiber Boxes of Enamels for Exterior Service 
“al fest for Moisture in Paper Method for Evaluating the Degree of Resistance 
tars to Rusting on Painted Iron or Steel Surfaces 
Committee D-1 on Paint, Varnish, Lac- 5 est for Color of Orange Shellac _ 
> of quer, and Related Products: 
son Revisions of: 
aaa Report presented by H. E. Smith, 
chairman. The recommendations on Definitions of Terms Relating to Paint, 
standards appearing in the report were Varnish, Lacquer, and Related Products 
presented by M. Rea Paul, secretary, (D 16-40T) with the following changes | 
and the actions taken: accepted by unanimous consent: 
d 8 ' Omission from the report as preprinted of | 
the definitions of the terms “dry” and “‘dry- 
Accepted as Tentative: 7 ing;’’ also change the definition of the term 
T) : “gallon” from its form as preprinted to read 
ding Spec. for Oiticica Oil (Permanently Liquid) as follows: | 
ASA Spec. for Liquid Paint Driers with the following Gallon, United States —A volume of 231 
change accepted by unanimous consent: cu. in. at 15.5 C. (60 F.). 
Section 2 (a).—In the table of color numbers Gallon, Im perial.—A volume of 231 cu. in. 
rs: omit the requirement for cobalt liquid at 15.5 C. (60F.). 
ed _ Standard of 39.3. Sampling and Testing Aluminum Powder and 7 
Spec. for Diatomaceous Silica Pigment, with a Paste (D 480 - 38 T) 
correction in the requirement for loss on igni- Testing Liquid Driers (D 564 - 40 T) 
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Test for Specular Gloss of Paint Finishes 
(D 523 — 39 T) with the following additional 
changes accepted by unanimous consent: 
Section 3 (a).—At the end of this section 

add a new footnote 5 to read as follows: 

Constructions differing from that specified 
may be employed if such constructions are 
proved to give identical results. 

Sections 5 (a) and 7 (a).—Change the 
standard value for specular gloss from ‘‘one”’ 
to read “one thousand.” 

Section 5 (b).—Change the last sentence 
from its form as preprinted to read as follows: 

Surfaces of liquids may also be used* as 
working standards. 


* D. G. Moore and R. S. Hunter, ‘Use of Liquid Sur- 
faces as Standards of Specular Gloss,” J. Am. Ceramic 
Soc., Vol. 24, p. 167 (1941). 


Section 6 (c).—-Add a new footnote 10 at 
the end of this paragraph to read as follows: 
For determining the specular gloss of speci- 


mens similar in reflecting characteristics to an 
— available standard, larger apertures yield 


equally accurate results which are often more 


precise. 
Adopted as Standard: _ 


Spec. for Raw Soybean Oil (D 124 - 37 T),. = 
revised 

Spec. for Shellac Varnishes (D 360 — 39 T) 

Spec. for Ultramarine Blue (D 262-40T), as 
revised 

Spec. for Titanated Lithopone (D 477 - 40 T), 
to be added to Standard Spec. D 477 


‘Spec. for Carbon Black (D561-40T), as 


revised 


‘Test for Consistency of Enamel Type Paints 


(D 562 - 40 T) 


_ Test for Elongation of Attached Lacquer Coat- 


ings with the Conical Mandrel | Test st Apparatus 
(D522-39T) 


Revisions of: 


Spec. for Leaded Zinc Oxide (D 80 — 40) 

Sampling paragraph, affecting 24 pigment 
specifications: D 79 — 39, D 80-40, D 81 - 
38, D 82 — 38, D 83 — 39, D 84-40, D 85 - 
40, D 209-30, D210-30, D 211-40, 
D 212 - 40, D 213 - 40, D 261 - 40, D 263 - 
40, D264-40, D266-39, D 267-31, 
D 405 - 38, D 474 — 39, D 475 - 40, D 476 - 
39, D 477 - 39, D 478 - 40, D 520 - 40 

Spec. for Raw Tung Oil (D 12 — 33) 

Spec. for Perilla Oil, Raw or Refined 
(D 125 - 23) 

Spec. for Orange Shellac (D 237 — 33) 

Testing Drying Oils (D 555 — 39) 


Chemical Analysis of White Linseed Oil 
Paints (D 215 - 37) 

Sampling and Testing Lacquer Solvents and 
Diluents (D 268-33), incorporation of 
Tentative Methods D 268 - 39 T 


Committee D-17 on Naval Stores: 


Report presented, in the absence of 
the chairman, by the chair. 


Committee D-13 on Textile Materials: 


Report presented by H. J. Ball, 
chairman, and the following actions 
taken: 


Accepted as Tentative: 

Spec. for Medium-Weight Cotton Corduroy 
Fabrics 

Spec. for Fire-Retardant Properties of Treated 
Textile Fabrics 

Test for Evaluating Compounds Designed to 
Increase the Resistance of Textiles to Insect 
Pests, with the following changes, accepted 
by unanimous consent: 

Section 3 (b).—Designate this paragraph as 
a separate Section 4 on “Duration,” renum- 
bering the remaining sections accordingly, 
also the references in Table I. 

Testing Asbestos Tubular Sleeving 
Quantitative Analysis of Textiles, with Section 
12 (a) changed to read as follows: 

12. (a) A clean fiber residue obtained in 
Section 10 which contains cotton and wool 
may be used. However, it is recommended 
that a sample of the original textile be used 
since acetate rayon, silk, regenerated cellulose 
rayon, and cotton are all removed completely 
in this method. The sample shall include a 
complete pattern of such materials as plaids. 
If a 4 to 5-g. sample is taken, the sample may 
be cut diagonally to make two test specimens. 
Dry the specimen, weighing approximately 
2 g., to constant weight at 105 to 110C. in 
accordance with Section 4 (c) to obtain the 
weight of the dried specimen, weight B. 
Delete Paragraph (c) and reletter the present 
Paragraph (d) as (c). 

Test for Commercial Weight of Continuous 
Filament Rayon Yarns (D 258 - 41 T) 

Test for Commercial Weight of Spun Rayon 
Yarns and Threads (D 507 - 41 T) 


Revisions of: 


Spec. for Single-Ply Bleached Cotton Broad- 
cloth (D 504 - 38 T) 

Testing and Tolerances for Woven Glass 
Fabrics (D 579 - 40 T) 
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Testing and Tolerances for Woven Glass Tapes 
(D 580 - 40 T) 

Testing Rayon Staple (D 540 - 39 T) 

Test for Resistance of Textile Fabrics and 
Yarns to Moths (D 582 - 40 T) 

Test for Shrinkage of Grease Wool (Labora- 
tory Scale Operations) (D 584 - 40 T) 

Identification of Fibers in Textiles and 
Quantitative Analysis of Textiles (D 276- 


37 T) 
Spec. for Textile Testing Machines 
(D 76 - 40) 


Spec. and Test for Fineness of Wool Tops 
(D 472 - 41) 

Testing and Tolerances for Tire Cord, Woven 
and on Cones (D 179 - 38) 

Testing and Tolerances for Cotton Yarns 
(D 180 — 40) 

Testing Pile Floor Covering (D 418 - 40) 


Definitions of Terms Relating to Textile 


Materials (D 123 - 40) 7 


Adopted as Standard: 


Testing and Tolerances for Single Jute Yarn 
(D 541 - 39 T), as revised 

Spec. and Test for Fineness of Wool Tops (D 472 
- 40 T) 


The recommendation for adoption as 
standard of the Tentative Definitions 
of Terms Relating to Textile Materials 
(D123-40T), as revised, was dis- 
cussed on behalf of Committee E-8 on 
Nomenclature and Definitions. Since 
certain of the definitions included in the 
recommendation were of interest to 
other standing committees and in order 
to provide opportunity for review of 
the definitions before formal adoption 
by the Society, Committee E-8 had taken 
action requesting this recommendation 
be deferred for a year in order that any 
desirable changes may be considered 
before formal adoption as standard by 
the Society. It was brought out, how- 
ever, that the definitions in question 
represented only a few that were being 
combined with the present standard 
definitions, and this recommendation 
was accordingly approved for reference 
to letter ballot of the Society with the 
understanding that Committee E-8 
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would review all of the definitions 
within the coming year. 


Revisions of: 
Testing and Tolerances for Cotton Yarns 
(D 180 - 40) 

Testing and Tolerances for Tubular Sleeving 
and Braids (D 354 - 36; ASA L13-1941) 
Test for Fastness of Dyed or Printed Cotton 
Fabrics to Laundering or Domestic Wash- 
ing (D 435 — 37), with the following addition 

accepted by unanimous consent: 

Section 6 (c).—Add the following sentence 
at the end of this section: 

The operations of rinsing and drying shall 
be performed with as little interval between 
each operation as possible. 

Test for Fastness of Colored Textile Fabrics 
to Light (D 506 - 39) 

Spec. for Textile Testing Machines (D 76 - 40) 

Spec. and Test for Asbestos Tape for Electri- 
cal Purposes (D 315 - 37) 

Spec. and Test for Asbestos Roving for 
Electrical Purposes (D 375 — 37) 


Withdrawal of Standards: 


Spec. and Test for Asbestos Yarns (D 299 — 37) 
Spec. and Test for Cuban (Jute) Raw Sugar 
Bags (D 275 — 33) 


Committee D-12 on Soaps and Other 
Detergents: 


Report presented, in the absence of 
the chairman, by C. C. Zeigler, and the 
following actions taken: 


Accepted as Tentative: 

Spec. for Olive Oil Chip Soap (Type A, Pure; 
Type B, Blended) 

Test for Carbonates as Carbon Dioxide in Soaps 
and Soap Products (Evolution-Volumetric 
Method) 


Revisions of : 
Spec. for Palm Oil Chip Soap (D 536 — 39 T) 
Spec. for Olive Oil Solid Soap (Type A, Pure; 
Type B, Blended) (D 592 - 40 T) 
Sampling and Chemical Analysis of Special 
Detergents (D 501 — 40 T) 
Definitions of Terms Relating to Soaps and 
Other Detergents (D 459 - 40 T) 
Adopted as Standard: 
Spec. for Built Soap, Powdered (D 533 - 39 T) 
Spec. for Soap Powder (Alkaline Soap Powder) 
(D 534 - 39 T) 
Spec. for Palm Oil Solid Soap (Type A, Pure; 
Type B, Blended) (D 535 - 40 T) 
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Spec. for Sodium Metasilicate (D 537 — 39 T) 

Spec. for Sodium Sesquisilicate (D 594 — 40 T) 

Chemical Analysis of Sulfonated and Sulfated 
Oils (D 500 - 38 T) 

Revision of Methods of Sampling and Chemical 
Analysis of Soaps and Soap Products 
(D 460 - 39) 

Papers: 

The following papers were presented: 

Tests of Glued Laminated Wood Beams Im- 
pregnated with Creosote—William A. Oliver, 
presented by the author. 

The Effect of Rate of Loading on Tensile 
Strength of Cord and Yarn—M. Castricum 

_ and A. N. Benson, presented by Mr. Benson. 
TWELFTH SESSION—METHODS 


OF ‘TESTING 
THURSDAY, JUNE 26, 2 P.M. 


Session Co-Chairmen: Lincoln T. Work; 
Vice-President G. E. F. Lundell. 


Committee E-8 on Nomenclature and 

Definitions: 

Report presented from manuscript 
by Cloyd M. Chapman, chairman. 

It was announced that the committee 
had approved for adoption as standard 
the tentative revision in the Standard 
Definitions, with Units and Symbols, 
Relating to Magnetic Testing (A 127 - 
39) proposed by Committee A-6 on 
Magnetic Properties, the revised defini- 
tions of the terms gypsum lath, gypsum 
sheathing board, and gypsum wall board 
as proposed by Committee C-11 on 
Gypsum, and the definition of water-gas 
tar recommended by Committee D-7 
on Timber. 

It was also announced that the com- 
mittee had reviewed the Tentative 
Definitions Relating to Textile Materials 
(D 123 —- 40 T) proposed for adoption as 
standard by Committee D-13 on Textile 
Materials, and the tentative definitions 
of the terms abrasion, corrosion, erosion, 
and slagging, recommended for adoption 
as standard by Committee C-8 on 
Refractories, and had taken action to 
request these committees to defer formal 
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adoption of these definitions for a year 
so that they may be reviewed by 
Committee E-8 and in order that any 
desirable changes may be discussed with 
the committees before adoption as 
standard by the Society. 


Committee E-2 on Spectrographic Anal- 
ysis: 


Report presented by H. V. Churchill, 
chairman. 


Committee E-3 on Chemical Analysis 
of Metals: 


Report presented from manuscript 
by G. E. F. Lundell, chairman. 


Committee E-1 on Methods of Testing: 


Report presented by W. H. Fulweiler, 
chairman. The following resolution, 
presented by Mr. Fulweiler on behalf 
on Committee E-1 was, on motion, 
adopted: 


WuereEas, The American Society for Testing 
Materials is devoted to the standardization of 
methods of testing engineering materials and 
accordingly is concerned with the development 
and use of the scientific apparatus required in 
the conduct of these tests; and 

WHEREAS, The Society includes among its 
membership the testing engineers, metallurgists, 
and chemists whose work is absolutely essential 
to our National Defense Program, and 

WHEREAS, The Society through its Technical 
Committee on Laboratory Apparatus is cog- 
nizant of the very serious situation that con- 
fronts the manufacturers of scientific apparatus 
in that they now find it impossible to secure the 
necessary raw materials, many of which come 
under the classification of critical materials; and 

Wuereas, The manufacture of this essential 
scientific apparatus requires only a very small 
quantity of such critical materials; therefore, be 
it 

Resolved, That the American Society for 
Testing Materials assembled in Chicago, Illinois, 
at its Forty-fourth Annual Meeting urges the 
U. S. Government in the interest of protecting 
our National Defense Program to take immediate 
action through some blanket form of priority to 
the end that manufacturers of scientific ap- 
paratus may procure the necessary supply of 
critical materials. 
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Resolved, That this action is urged due to the 
fact that the apparatus must be made in quant- 
ity, and the procuring of individual priorities 
for material for each piece of testing apparatus 
would involve complications and expense far 
beyond the actual cost of the apparatus. 

Resolved, That this action be transmitted to 
the appropriate department of the U. S. Govern- 
ment with the request that it be given prompt 
consideration in view of its urgent nature. 


Mr. Fulweiler then called upon H. F. 
Moore to describe the activities of 
Technical Committee I on Mechanical 
Testing; on E. C. Bingham to report on 
the work of Technical Committee II 
on Consistency, Plasticity, and Related 
Properties; on L. T. Work to summarize 
the activities of Technical Committee 
III on Particle Size and Shape; and on 
R. F. Passano to report on the activities 
of Technical Committee IX on Inter- 
pretation and Presentation of Data. 

Mr. Fulweiler also called attention 
to the following two papers appended 
to the report: 


Effect of Specimen Shape and Size on Measured 
Values of Tensile Properties—G. F. Jenks. 

Effect of Rate of Strain on Yield Strength, 
Tensile Strength, Elongation, and Reduction 
of Area in Tension Tests—P. G. Jones and 
H. F. Moore. 


The paper by J. J. Moran on “Meth- 
ods of Testing Volumetric Glassware,” 
to be appended to the report, was pre- 
sented from manuscript by the author. 


Paper: 
The following paper was presented: 


Statistical Theory of the Effect of Dimensions 
and of Method of Loading upon the Modulus 
of Rupture of Beams—John Tucker, Jr., 
presented by D. E. Parsons. 


The address on “The Electron Micro- 
scope and Its Uses,” by R. Bowling 
Barnes, Director, Physics Division, 
American Cyanamid Co., was then 
presented. In the presentation Mr. 
Barnes showed on the screen a number 
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of interesting photographs illustrating 
the use and possible applications of the 


electron microscope. 
THURSDAY, JUNE 26, 2 P.M. - 


Session Co-Chairmen: President W. M. 
Barr; R. E. Hall. ' 


Committee D-19 on Water for Industrial 
Uses: 


THIRTEENTH SESSION—-WATER 


Report presented, in the absence of 
the chairman, by F. N. Speller, vice- 
chairman, and the following actions 
taken: 


Adopted as Standard: | | 


Sampling Plant or Confined Waters for In- 
dustrial Uses (D 510-40 T) 

Reporting Results of Analysis of Industrial 
Waters (D 596 - 40 T) 

Determination of Hydroxide Ion in Industrial 
Waters (D 514 - 38 T) 


Joint Research Committee on Boiler 
Feedwater Studies: 


Report'’ presented from manuscript 
by C. H. Fellows, chairman. 


Symposium on Problems and Practices 
in Determining Steam Purity by Con- 
ductivity Methods: 


The symposium was introduced by 
R. E. Hall, and the following papers 


were then presented: 


The Sampling of Steam and Boiler Water—A. 
R. Belyea and A. H. Moody, presented by 
Mr. Moody. 

Experimental Methods of Determining Con- 
ductivity Corrections for Dissolved Gases in 
Steam Condensate—S. F. Whirl and W. A. 
Lower, presented by Mr. Whirl. 

Calculation of Corrections to Conductivity 
Measurements for Dissolved Gases—D. S. a 
McKinney, presented by the author. | 

The Degasification of Steam Samples for Con- 
ductivity Tests—P. B. Place, presented by 
the author. 


17 Published in ASTM Buttemin, No. 111, August, 1941, 
p. 56. 
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A New Type of Conductivity Apparatus for Use 
with Boiler Waters and Steam Samples—A. R. 
Mumford, presented from manuscript by the 
author. 

Conductivity Cells and Electrical Measuring 
Instruments—C. E. Kaufman, presented from 
manuscript by the author. 


FOURTEENTH SESSION—FATIGUE 
METALS, CORROSION OF 
IRON AND STEEL 


THURSDAY, JUNE 26, 8 P.M. 


Session Co-Chairmen: C. E. Heussner; 
Past-President H. F. Moore. 


Committee A-5 on Corrosion of Iron and 
Steel: 


Report presented, in the absence of 
the chairman, by R. F. Passano, and the 
following actions taken: 


Adopted as Standard: 


Spec. for Zinc-Coated Steel Wire Strand (Gal- 
vanized and “Extra Galvanized”) (A 122 - 
39 T), to supersede Standard Spec. A 122 - 33 

Spec. for Zinc-Coated Steel Wire Strand (Class 
B and Class C Coatings) (A 218 - 39 T) 

Test for Uniformity of Coating by the Preece 
Test (Copper Sulfate Dip) on Zinc-Coated 

_ (Galvanized) Iron or Steel Articles (A 239 - 

: 40 T), to supersede Standard Method A 191 - 
38 and Tentative Method A 208 - 38 T 


Research Committee on Fatigue of Metals: 


Report presented by H. F. Moore, 
chairman, who also summarized the 
report on the investigation on “The 
Effect of Type of Testing Machine on 
Fatigue Test Results” appearing in the 
Appendix. 

Papers: 
The following papers were presented: 


An Accelerated Atmospheric Corrosion Test— 
H. Pray and J. L. Gregg, presented from 
manuscript by Mr. Gregg. 

_ An Equation Representing the Rate of Develop- 
ment of Rust on Galvanized Iron Sheets as 

Estimated by the A.S.T.M. Test—J. B. 

Austin, presented by C. D. Hocker. 


SUMMARY OF PROCEEDINGS 


The Effect of Shot Blasting and Its Bearing on 
Fatigue—J. M. Lessells and W. M. Murray, 
presented by Mr. Murray. 

Fatigue Comparison of 7-in. Diameter Solid 
and Tubular Axles—O. J. Horger and T. V. 
Buckwalter, presented by Mr. Horger. 

Pitting and Its Effect on the Fatigue Limit of 
Steels Corroded Under Various Conditions— 
D. J. McAdam, Jr., and G. W. Geil, presented 
by Mr. McAdam. 

Testing Material in the Resonance Range— 
R. K. Bernhard, presented by the author. 

A New High-Temperature Fatigue Machine— 
W. P. Welch and W. A. Wilson, presented by 
Mr. Welch. 


FIFTEENTH SESSION—CEMENTITIOUS 
MATERIALS, BUILDING 
MATERIALS 


THURSDAY, JUNE 26, 8 P.M. 


Session Co-Chairmen: F. H. Jackson; 
Past-President H. H. Morgan. 


Committee C-16 on Thermal Insulating 
Materials: 


Report presented, in the absence of 
the chairman, by E. T. Cope, secretary, 
and the following actions taken: 


Accepted as Tentative: 


Test for Compressive Strength and Flexural 
Strength of Preformed Block Type Thermal 
Insulating Materials 

Sampling and Preparation of Specimens for 
Testing of Thermal Insulating Cements 

Test for Bulk Density of Thermal Insulating 
Cements 

Test for Covering Capacity and Volume Change 
upon Drying of Thermal Insulating Cements 

Test for Fhickness and Density of Blanket Type 
Thermal Insulating Materials 

Definitions of Terms Relating to Thermal 
Insulating Materials: Preformed thermal 
insulating block, thermal insulating cement 


Sectional Committee A42 on Specifications 
for Plastering: 
Informal progress report presented, 
in the absence of the chairman, by J. W. 
McBurney, secretary. 


Committee C-7 on Lime: 


Report presented by Nathan C. Rock- 
wood, chairman. 
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Committee C-11 on Gypsum: 


Report presented, in the absence of 
the chairman, by H. J. Schweim, secre- 
tary, and the following actions taken: 
Accepted as Tentative: 


Revision of Definitions of Terms Relating to 
Gypsum (C 11-40 T) 

Revision of Methods of Testing Gypsum and 
Gypsum Products (C 26-40); this recom- 
mendation, which appeared in the report for 
immediate adoption, was modified and ac- 
tion taken to publish the revision for a year 
as tentative, with the understanding that it 
would be submitted to letter ballot of the 
Society for adoption as standard in 1942. 


Adopted as Standard: 
Revisions of: 


Spec. for Gypsum (C 22 - 25) 

Spec. for Gypsum Partition Tile or Block 
(C 52 - 33) 

Definitions of Terms Relating to Gypsum 
(C11-40T), terms gypsum lath, gypsum 
sheathing board, and gypsum wall board. 


Publication as Information Only: 


Proposed Method for Determination of Calcium 
Sulfate in Gypsum by the Ammonium Acetate 
Method, prepared by L. S. Wells and W. F. 
Clarke, and modified by B. E. Kester, was 
presented by Mr. Kester and accepted for 
publication as an Appendix to the report. 


Committee C-1 on Cement: 

Report presented by P. H. Bates, 
chairman, and the following actions 
taken: 

Accepted as Tentative: 


Revision of Test for Fineness of Portland 


Cement by Means of the Turbidimeter' 


(C 115-38 T) 

Adopted as Standard: 

Spec. for Portland Cement (C 150-40T) as 
revised, to replace Standard Spec. for Portland 


Cement (C9-38), and for High-Early- 
Strength Portland Cement (C 74 - 39) 


Commitiee C-12 on Mortars for Unit 
Masonry 


Report presented by J. W. McBurney, 


chairman, and the following action 
taken: 


Accepted as Tentative: 


Definition of the Term Glass 


Spec. for Mortar for Reinforced Brick Masonry, 


with the following changes approved by 
unanimous consent, subject to favorable letter” 
ballot of Committee C-12:'8 


Section 4.—Change to read as follows by the 
addition of the italicized figure and = 
omission of that in brackets: 

4. Mortar and grout, after suction for 60 
sec. shall have a flow greater than [65] 70 per 
cent of the flow immediately after mixing. 

Section 9 (a).—Change item (/) to read as 
follows by the addition of the italicized stl 
and the omission of that in brackets: : 

(1) One part of portland cement [0.12] 0.21 
parts of hydrated lime (or its equivalent as 
lime putty), and not more than 3 parts of dry 
aggregate by weight. 


Committee C-14 on Glass and Glass 
Products: 


Report presented, in the absence of 
the chairman, by G. E. F. Lundell, 


and the following action taken: 


It was announced that Methods of 


Accepted as Tentative: 


“Chemical Analysis of Soda-Lime Glass 


had been submitted to letter ballot vote 
in the committee and would be presented 
to the Society for publication as tenta- 
tive through Committee E-10 on Stand- 
ards subsequent to the annual meeting. 


Committee C-18 on Natural Building 
Stones: 


Report presented, in the absence of 
the chairman, by H. A. Stacy, and the 


following actions taken: 


Test for Compressive Strength of Natural Build- 
ing Stone (C 98 — 30 T) 

Sampling Natural Building Stone and Prepara- 
tion of Sample for Testing (C 101 —- 32 T) 
Tension Testing of Natural Building Stone 

(C 103 - 32 T) 


Withdrawal of Tentative Standards: 


18 Results of the ietter ballot on this recommendation, 
indicating its approval, are given in the report of Com- 
mittee C-12, see p. 296. 
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Definitions of Terms Relating to Natural 


Building Stones (C 104 — 31 T) 


Committee C-15 on Manufactured Ma- 


sonry Units: 
Report presented by D. E. Parsons, 


chairman, and the following actions 
taken: 


slive: 


Accepted as T 


Spec. for Vitriued Clay Filter Block for Trickling 
Filters 


Adopted as Standard: 


Revisions of : _ 
Spec. for Structural Clay Load-Bearing Wall 
Tile (C 34-39) 
Spec. for Structural Clay Non-Load-Bearing 
Tile (C 56 - 39) 
Methods of Sampling and Testing Brick 


(C 67 - 39) 


Report presented, in the absence of 
the chairman, by H. C. Cross, and the 
following actions taken: 


Committee C-8 on Refractories: 


— as Tentative: 


Revision of Classification of Insulating Block 
and Insulating Fire Brick (C 155 —- 40 T) 


pos as Standard: 


Testing Fireclay Refractories Under Load Test 
at High Temperatures (C 16 - 39 T) 
Test for Apparent Porosity, Water Absorption, 
Apparent Specific Gravity, and Bulk Density 
of Burned Refractory Products (C 20-39 T) 
‘Testing Insulating Fire Brick (Compressive 
Strength, Flexural Strength, and Permanent 
Linear Change) (C 93 - 39 T) 
‘Test for Size and Bulk Density of Refractory 
Brick (C 134 - 39 T) 
- Chemical Analysis of Chrome Ore and Chrome 
Refractories (C 18 - 40 T) 
Classification of Fireclay Refractories (C 27 - 


40 T) 
Test for Warpage of Refractory Brick and Tile 
(C 154-40 T) 


i Spec. for Refractories for Heavy Duty Sta- 
tionary Boiler Service (C 64 - 40 T) 
Spec. for Refractories for Moderate 

Stationary Boiler Service (C 153 - 40 T) 
Spec. for Refractories for Incinerators (C 106— 
 40T) 


Duty 
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Spec. for Refractories for Malleable Iron Co 
Furnaces with Removable Bungs and for 
Annealing Ovens (C 63 - 40 T) | 

Revision of Spec. for Ground Fire Clay (C 105 - ch 
36 

machen of Symbols for Heat Transmission tal 
(C 108 - 39) Ad 
The recommendation for adoption as ” 

standard of the terms abrasion, cor- Sp 

rosion, erosion, and slagging appearing 

in the Tentative Definitions of Terms A. 

Relating to Refractories (C71-40T) | ™ 

was discussed on behalf of Committee ‘ 

E-8 on Nomenclature and Definitions. Pa 

In view of the general nature of these 

definitions which are of interest to | 

other standing committees action had 

been taken by Committee E-8 requesting 

that this recommendation be deferred ee 

for a year in order that these definitions _ 

may be reviewed and any desirable du 
changes discussed with Committee C-8 fol 

before formal adoption as standard by "i 

the Society. The recommendation for Sig 

adoption failed of approval and was ; 
referred back to the committee. De 

Papers: 
The following papers were presented: 

Properties of Limes and _ Lime-Mortars— Sig 
Howard R. Staley, presented from manuscript 
by the author. a 

An Improved Hydrometer Method for Use in Co 


Fineness Determinations—Alexander Klein, 
presented from manuscript by R. E. Davis. 
The Effect of Fine Aggregate on the Durability 


of Mortars—C. A. Hughes and K. A. Ander- ch; 
son, presented from manuscript by H. F. tal 
Gonnerman. 

Effect of Freezing Temperature on Freezing-and- Ac 


Thawing Tests of Brick—Joseph C. Richmond Re 
and John W. McBurney, presented by Mr. 
McBurney. 


SIXTEENTH SESSION—CONCRETE AND 
CONCRETE AGGREGATES 


SANFORD E. THomMpson AWARD 
FRIDAY, JUNE 27, 9.30 A.M. 


Session Co-Chairmen: H. J. Gilkey; 


W. Crum.” 
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mitt 
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Committee C-13 on Concrete Pipe: 


Report presented by Theodore Doll, 
chairman, and the following actions 
taken: 


Adopted as Standard: 

Spec. for Concrete Sewer Pipe (C 14 - 40 T), to 
replace Standard Specifications C 14 - 35 

Spec. for Reinforced Concrete Sewer Pipe 
(C75 -40 T), as revised, to replace Standard 
Specifications C 75 — 35 

Spec. for Reinforced Concrete Culvert Pipe 
(C 76-40 T), as revised, to replace Standard 
Specifications C 76 — 37 


Papers for Revised Report on Significance 
of Tests of Concrete and Concrete 
Aggregates: 

The papers for the revised Report 
on Significance of Tests of Concrete 
and Concrete Aggregates were intro- 
duced by the chairman, R. W. Crum, 
following which the papers were pre- 
sented as follows: 


Significance of Tests for Size, Shape, Surface 
Texture, and Grading of Aggregates—H. J. 
Gilkey, presented by the author. 

Density and Unit Weight of Concrete—M. A. 
Swayze, presented by the author. 

Mineral Composition of Aggregates—Herbert 
F. Kriege, presented from manuscript by the 
author. 

Significance of Permeability and Absorption of 
Concrete—M. O. Withey, presented by the 
author. 


Committee C-9 on Concrete and Concrete 
Aggregates: 


Report presented by F. H. Jackson, 
chairman, and the following actions 
taken: 

Accepled as Tentative: 
Revisions of: 


Spec. for Ready Mixed Concrete (C 94 - 39), 
with the following change in Section 2, 
accepted by unanimous consent, subject to 
favorable letter ballot of Committee C-9:" 

Section 2.—Change the definition of ready 
mixed concrete to read as follows by the 
addition of the italicized words: 

The term ready mixed concrete is used to 
describe mixed concrete (either central mixed 


. ? Results of the letter ballot on this recommendation, 
indicating its approval, are given in the report of Com- 
mittee C-9, see p. 288. 
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or transit mixed) delivered in a plastic state 
to the site of the work ready for use. 

Section 14 (b).—To correct an error in this 
section as preprinted, change to read as fol- 
lows by the addition of the italicized words 
and the omission of those in brackets: 

Each sample of concrete[for strength tests] 
shall consist of not less than one cubic foot 
made up of portions [of] obtained from at least 
three representative parts of the batch. 

Test for Abrasion of Coarse Aggregate by Use 
of the Los Angeles Machine (C 131 — 40), 
with changes as given earlier being pre- 
sented jointly with Committee D-4 on Road 
and Paving Materials, was accepted by 
unanimous consent, subject to favorable 
letter ballot of Committee C-9.2 

Spec. for Concrete Aggregates (C 33 - 40) 

Method of Test for Structural Strength of 
Fine Aggregate Using Constant Water- 
Cement-Ratio Mortar (C 87 — 39) 


A recommendation, presented on the 
floor by C. E. Wuerpel, that the Tenta- 
tive Method of Test for Soundness of 
Aggregates by Use of Sodium Sulfate or 
Magnesium Sulfate (C 88-—-39T) be 
revised as follows was accepted by 
unanimous vote, subject to favorable 
letter ballot of Committee C-9,' as 
required by Society regulations: 

Section 6 (a).—Change the first sentence to 
read as follows by the addition of the italicized 
words and figure, and the omission of the 
figure in brackets: 

The samples shall be immersed in the pre- 
pared solution of sodium sulfate or magnesium 
sulfate for [18] at least 16 hr. in such a manner 
that the solution covers them to a depth of at 
least 3 in. 

In the last sentence change the words “‘18- 
hr. period” to read “immersion period.” 

In Paragraph (b) omit “18 hr.” from the 
first sentence. 


Mr. Jackson then announced that the 
Sanford E. Thompson Award, estab- 
lished by Committee C-9 in honor of the 
first chairman of the committee, and 
for the purpose of stimulating research 
and encouraging investigations that ex- 
tend the knowledge of concrete and con- 


2 See p. 17. 

#1 Results of the letter ballot vote as reported by Com- 
mittee C-9 are as follows: Of a total voting membership 
of 74,61 members returned their ballots, of whom 52 voted 


affirmatively, 0 negatively. 
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crete aggregates, had been made to 
W. T. Thomson, Assistant Professor, De- 
partment of Applied Mechanics, Kansas 
State College, for his paper on “A 
Method of Measuring Thermal Dif- 
fusivity and Conductivity of Stone and 
Concrete,” presented at the 1940 annual 
meeting. In the absence of the re- 
cipient, C. H. Scholer accepted from 
Mr. Jackson the certificate of the San- 
ford E. Thompson Award, expressing 
Z appreciation on behalf of Mr. Thomson 
for the honor conferred. 


| The chairman then recognized Cloyd 
M. Chapman who presented the follow- 
7 ing resolution, which was unanimously 


adopted for transmission to the Chicago 
District Committee: 


Resolved, That the Society record its ap- 
preciation to the Chicago Committee for having 
sponsored the 1941 annual meeting and for its 
untiring and eminently fruitful efforts in the 

development and execution of plans that con- 
tributed so greatly to the success of the meeting, 
and that this resolution be spread upon the 

“inates of the meeting, and that a copy be sent 
to the commiitee 


Papers: 


The following papers were presented: 


The Effect of Capping Methods and End 
Conditions Before Capping upon the Com- 
pressive Strength of Concrete Test Cylinders 
—G. E. Troxell, presented by R. E. Davis. 

Concrete Under Sustained Working Leads; 
Evidence that Shrinkage Dominates Time 
YVield—G. A. Maney, presented by the author. 

A Device for Studying the Workability of Con- 
crete—T. C. Powers and E. M. Wiler, 
presented by Mr. Powers. 

~ Discussion of Dynamic Methods of Testing 
Concrete with Suggestions for Standardiza- 
tion—Leonard Obert and Wilbur I. Duvall, 
presented from manuscript by Mr. Obert. 


SEVENTEENTH SESSION—IRON 
FRIDAY, JUNE 27, 9.30 A.M. 


Session Chairman: H. C. Aufderhaar. 


Committee A-6 on Magnetic Properties: 


SUMMARY OF PROCEEDINGS 


Report presented by Thomas Spooner, 
chairman, and the following actions 
taken: 


Adopted as Standard: 


Test for Measuring Interlamination Resistance 
and Lamination Factor of Iron and Steel 
(A 34- 40 T) 

Revision of Test for Magnetic Properties of 
Tron and Steel (A 34 - 39), with a correction 
in the description of the high-H permeameter 
in Section 7 (d) as preprinted, changing “500 
oersteds” to read ‘£5000 oersteds.” 

Revision of Definition of Terms, with Units and 
Symbols, Relating to Magnetic Testing 
(A 127 - 39) 


Sectional Committee A21 on Sphecifica- 
tions for Cast Iron Pipe and Fittings: 


Informal progress report presented, 
in the absence of the chairman, by J. T. 
MacKenzie. 


Committee A-7 on Malleable-Iron Cast- 
ings: 


The chairman recognized J. J. Kanter, 
who, on behalf of Committee A-7 on 
Malleable Iron Castings, stated that the 
report as preprinted had been withdrawn 
by the committee in order that further 
consideration might be given to the 
preliminary proposal in the report con- 
cerning the use of the terms “yield 
point” and “yield strength” in connec- 
tion with the specifications for malleable 
iron castings under the jurisdiction of 
the committee. 


Committee A-3 on Cast Iron: 


Report presented, in the absence of 
the chairman, by J. T. MacKenzie, 
vice-chairman, and the following actions 
taken: 


Accepted as Tentative: 


Recommended Practice for Evaluating the 
Microstructure of Graphite in Gray Iron, 
with an editorial change to transfer the note 
at the end of Section 1 to appear at the be- 
ginning of the recommended practice. 
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led 


Spec. for Cast-Iron Pit-Cast Pipe for Water and 
Other Liquids (A 44 — 39 T) 

Revision of Spec. for Automotive Gray-Iron 
Castings (A 159 - 40). 

Revision of Spec. for Gray-Iron Castings 
(A 48 - 36), with the following change, not 
preprinted, accepted by unanimous consent 
subject to favorable letter ballot of Committee 
A-3:2 

Table I.—For Class No. 60 iron add a 
minimum breaking load requirement of 
12,500 lb. in the transverse or flexure test on 
2.0 in. diameter bar (Type C) tested on 24-in. 
supports. 


* Results of the letter ballot on this recommendation, 
indicating its approval, are given in the report of Com- 
mittee A-3, see p. 86. 


The following papers were presented: 


Measurement of Core Loss and A. C. Perme- 
ability with the 25-cm. Epstein Frame— 
S. L. Burgwin, presented by the author. 

The Strain Hardening of Gray Cast Iron— 
John Sanford Peck, presented by title. 

Fatigue and Static Load Tests of a High- 
Strength Cast Iron at Elevated Temperatures 
—W. Leighton Collins and James O. Smith, 
presented by Mr. Collins. 

Young’s Modulus of Elasticity and Some Re- 
lated Properties of Graphitic Materials— 
H. A. Schwartz and C. H. Junge, presented 
by Mr. Junge. 


There being no further business the 
chairman then declared the  Forty- 


fourth Annual Meeting adjourned sine 
die. 
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In preparing this address my Scotch instinct and my sympathetic nature prevailed. 


I have therefore reduced the cost of printing and given due consideration to the 


sensitive nature of this audience. 


Not long ago it was said that the public was no longer interested in locomotives 
and in rail transportation, but recently published statistics indicate that 62 per 


cent of the nation’s freight tonnage is still handled by the railroads. 


Airways 


carry less than 1 per cent, highways 9 per cent, pipelines 12 per cent, while inland 


shipping carries 17 per cent. 


Omitting the inland waterways, the railroads carry 


approximately 75 per cent of all overland freight tonnage. 
This causes one to wonder what could be done in the present National Emergency 


without rail transportation. 


Quoting Mr. L. 


K. Sillcox in a recent article: 


“Whatever developments may arise in the future, railways will remain 


for many years the bulwark of our inland transportation needs.” 


It seems fitting at this time to repeat a 
stanza from James Russell Lowell which 
I quoted soon after taking office as Presi- 
dent of this Society: 


New occasions teach new duties; 
Time makes ancient good uncouth; 
They must upward still, and onward 
Who would keep abreast of truth. 

From “The Present Crisis” (1844). 


In the days when dobbin was the chief 
motive power of the country and the 
“one hoss shay” or similar vehicles con- 
stituted the rolling stock, transportation 
was at speeds which gave the public no 
concern. The designer was not required 
to present specifications for materials 
used, and the factor of safety was not a 
part of his mathematical training. 

The story of “Darius Green and His 
Flying Machine” was looked upon as the 
fanciful and ridiculous imaginings of a 
humorist and the impossibility of the 
undertaking was so obvious that the 


1Chief Chemical and Metallurgical Engineer, Union 
Pacific Railroad Co., Omaha, Nebr. 


reader invariably reacted to the story 
with a laugh as the author intended. 
Were the writer of this jingle alive today 
he would probably say “I told you so.” 
With the development of the steam loco- 
motive, and speeds of thirty to forty 
miles per hour, the traveler began to fear 
for his safety, and the engineers to give 
more consideration to strength of mate- 
rials, calculation of stresses, and due 
observance of reasonable factors of 
safety. 

When three days were required to go 
by rail from Chicago to Denver it was 
considered a long and hazardous journey. 
Now when the business man takes six- 
teen hours for the same trip he sleeps 
as comfortably as at home and is safer 
than in his home town for the same 
period of time. Nor does he consider 
making the same trip by air in less than 
six hours a particularly serious under- 
taking. 

What factors have entered into this 
development of speeds beyond the wild- 
est dreams of our grandsires? 
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When the steam locomotive first ex- 
ceeded 150,000 lb. in weight and had 
steam pressure of 150 lb. it was considered 
a large power unit. Some of these loco- 
motives are still in operation either on 
small branch lines oras switching engines. 
The large passenger locomotive today 
weighs 440,000 Ib., has steam pressure of 
300 Ib. and moves a heavy train at 90 
miles per hour. The steam pressure of 
these locomotives is double that used but 
a few years earlier. Large freight loco- 
motives today weigh more than half a 
million pounds, and some have been built 
with a total weight of locomotive and ten- 
der of more than a million pounds and 
having a tractive effort of 135,000 Ib. and 
attaining speeds of seventy miles per hour 
when operating under load. The Diesel- 
electric power unit has a speed as high as 
one hundred twenty miles per hour, and 
the electric locomotive as much. 

Yet the number of accidents on the 
railroads today is smaller than forty 
years ago. Irresponsible automobile 
drivers who fail to use care at grade cross- 
ings have caused many accidents, but 
they are neither train passengers nor rail- 
road employees. Unfortunately, spe- 
cifications cannot be written to cover 
drivers of cars nor can their alcoholic 
content be controlled, nor can they be 
forced to obey rules. Therefore the only 
solution of this safety problem lies not in 
specifications or speed restrictions but in 
grade separation. This involves large 
expenditures and will take time to ac- 
complish, but much has been done 
through cooperation of the Federal Gov- 
ernment and the state governments, with 
the railroads. The time will come when 
highway traffic will be completely sepa- 
rated from all main line railroads. 

What has been necessary to maintain 
the excellent safety record of the rail- 
toads in the face of constantly increasing 
speeds, heavier loads, longer trains, 
larger locomotives with increased boiler 


W. M. 


pressures and the introduction of the 
high-speed Diesel-electric power units? 
The answer lies in improved designs, new 
and higher-strength materials, better 
maintenance of both roadway and equip- 
ment, constant watchfulness by super- 
visory forces, and last but not least a 
continuous safety campaign by an or- 
ganized force. 

The wooden passenger car with its fire 
hazard and eggshell body is a thing of the - 
past, having been replaced by the sturdy © 
steel construction of the modern and safe | 
passenger car. But with larger cars and | 
larger locomotives required for successful — 
handling of greater tonnage and the more 
rapid movement of perishable freight, | 
and the public demanding faster trans-— 
portation of passengers to meet the 
requirements of the increasing tempo of. 
the business world, new problems were 
introduced. 

To meet the increased stresses imposed 
by both weight and speed, the designer 
used larger sections in structural mem- 
bers and thicker plates in boiler shells 
and car bodies until both cars and loco- 
motives were approaching the practical 
limits of weight and wheel and axle loads. — 

The weight of rail sections had gradually 
increased to make possible the safe move- 
ment of greater loads at increased speeds. 

With the development of the auto- 
mobile came the first use of alloy steels 
to obtain more strength with less weight. 

The research metallurgist introduced new 
elements into steel making and studied 
the possibilities of special heat treat- 
ments and further refinements in the 
production of the higher grades of steel. 
Much was accomplished by such studies, 
but little was done in the application of 
these research results to the large sec- 
tions required for locomotives and rail- 
way cars until about 1920. It was then 
discovered that new metallurgical prob- 
lems were introduced by the greater mass 
of metal required for heavy forgings. 
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But these problems were solved and the 
locomotive designer who had worked 
with heavy forgings having a minimum 
yield point of 40,000 psi. had at his com- 


_ mand heat-treated alloy steels with mini- 


mum yield point of 70,000 psi. or more. 
Thus he was able to reduce the weight of 
axles and reciprocating parts and at the 
same time increase the factors of safety, 
which was desirable because of increasing 


speed. 


Many heavy castings have been given 


_improved tensile properties with reduc- 


tion in weight by the addition of alloys. 
Then came the introduction of the high 


“tensile strength low-alloy steels in car 
construction. 


This brought about a 
reduction in freight car weights of 


twenty-five per cent and gave the rail- 
roads much lighter passenger cars of 


more pleasing design. 
The introduction of stainless steel 
having high physical properties and re- 


_ sistance to corrosion is an outstanding 


contribution to light-weight passenger 


4 


car construction. The researches of the 
metallurgists brought out higher tensile 
strength aluminum alloys, much lighter 
in weight than steel. These are now 
extensively used in passenger car con- 
struction for high-speed trains, with 


notable weight reduction. 


The development of high-strength 
alloy steels has made it possible for de- 
signers to reduce the weight of Diesel 
engines which, together with electric- 
motor drive, makes one of the most prac- 
tical power units for high-speed rail 
transportation. The ability of this type 


_ of power unit to make runs of twenty-five 
hundred miles or more without servicing 


has made possible marked reductions in 
the time schedules. 

The wheels on high-speed trains intro- 
duced a serious problem. The wheel 
that had been satisfactory for many 
= was no longer safe nor was its 
acceptable. Metallurgical _re- 
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search with studies in heat treatment 
made higher specification limits possible 
and resulted in the production of wheels 
that are safe for high-speed service and 
in a measure meet the more exacting 
requirements of this service. This is 
still an open field for study and im- 
provement. 

Although rails were rolled with larger 
sections to meet the requirements im- 
posed by greater power and increased 
speeds, rail failures continued and in 
many cases increased. The ever-present 
transverse fissure became more frequent 
and therefore more dangerous. This re- 
sulted in more expensive maintenance 
and required greater watchfulness to 
avoid accidents and delays. Extensive 
research was undertaken jointly by the 
steel industry and the railroads and it 
was found possible to eliminate the trans- 
verse fissure. Slow and controlled cool- 
ing of the rail after rolling prevents the 
formation of shatter cracks from which 
transverse fissures develop in service. 
Today nearly all rail is purchased to a 
specification with a clause requiring 
“controlled cooling.” Additional _re- 
quirements are sometimes added to rail 
specifications to improve the quality of 
rail forhigh-speed and heavy-traffic track 
and thus insure safety. Increased top 
discard from ingots and progressive nick 
and break tests to insure freedom from 
pipe and segregation in rail may be men- 
tioned in this connection. These pre- 
cautions insure greater uniformity of 
quality throughout rail melts and 
thereby increase dependability. 

All of the many improvements in 
material that have been evolved by re- 
search activities have required constant 
revision of specifications and the writing 
of many new specifications. This has 
demanded cooperative work between 
producer and consumer representatives 
and in our Society the technical commit- 
tees have devoted much time to the 
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study and discussion of this specification 
work. Associated with all these re- 
searches are the names of many promi- 
nent members of this Society. 

It would be inappropriate for me to 
discuss the increased costs the railroads 
of the country have had to bear for the 
new and higher grades of materials de- 
manded by these specifications. How- 
ever, it may be said that while “eternal 
vigilance is the price of safety,”’ the price 
goes up rapidly with increase in speed 
and this refers to the price in dollars 
as well as in vigilance. 

No discussion involving the efficiency 
of steam locomotives can be concluded 
without calling attention to the part 
played by water and its relation to speed 
and safety. Water has always played an 
important part as an engineering mate- 
rial and as an essential factor in the pro- 
duction of high-pressure steam it de- 
mands careful consideration. 

While specifications have not been 
written for water used in locomotive 
boilers, because it is a product of nature 
and must be used where found, it can be 
modified by treatment to improve qual- 
ity, thus increasing efficiency and pre- 
serving the metal of the boiler. Without 
such improvement, high speeds and 
heavy tonnage handled by the modern 
locomotives would be impossible. Nor 
would the operation of high-pressure 
boilers be successful. 

Corrosion in locomotive boilers has 
been a critical problem for many years 
and has received much study. The re- 
sults of such study have been pro- 
nounced. Even in districts having bad 
natural waters, corrosion is now under 
such complete control through scientific 
treatment that it has become secondary 
to troubles arising from fuel combustion. 
Freedom from boiler failures has con- 
tributed much to the safety of locomotive 
operation and maintenance. The result 
Is that increased pressure and higher 


speeds are not only permissable but are 
the general rule. Although boiler pres- 
sures have been increased, boiler explo- 
sions have been notably reduced by bet- 
ter water conditioning. 

The necessity, for the steam locomotive 
to compete with Diesel power units with 
electric-motor drive has stimulated re- 
search on water for steam production. 
A.S.T.M. Committee D-19 on Water for 
Industrial Uses has been active in the 
study of boiler feed water and has coop- 
erated with the Joint Research Commit- 
tee on Boiler Feed Water Studies spon- 
sored by the engineering societies and the 
American Association of Railroads. The 
personnel of these committees includes 
many of the ablest research men in this 
field. 

Attention is being given to methods of 
testing and to the effect of water and 
water treatment on the metallurgical pro- 
perties of boiler steels. Results of great 
value may be expected from this work. 

Although this discussion has pertained 
to rail transportation, the same high 
standards of engineering research have 
perfected the automobile and made 
almost unbelievable strides in speed and 
safety of the airplane. These two forms 
of power are now playing a new role, and 
our own Safety through national defense 
is largely dependent on these two ma- 
chines. The automotive type engine has 
made possible the development of the 
modern armored tank which has wrought 
such overwhelming destruction in the 
present conflict. 

In the existing national emergency and 
in the years ahead, the safety of this 
nation and the future success of our 
whole economic life will be determined 
by the work of the research scientist and 
the production engineer. As they have 
served so invaluably in the past four 
decades, so now and in the years to 
come, the specifications and the research 
work of the American Society for Testing 
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Materials will have a prominent place in 
solving the many grave problems that 
will be encountered— problems that must 
be successfully solved if this nation and 
the American way of life are to survive! 

The services of this Society have been 
offered to our Government and we are 
proud that such services have already 
been accepted and are being used to ad- 
vantage. Whatever may be the political 
or economic beliefs of any individual 
member, I can say with assurance that 
the A.S.T.M. membership will not be 
found wanting and will put forth every 
possible effort to speed all production in 
the interest of national safety. 


At the present time, revolutionary 
changes are taking place in the world 
and these changes will result in a dif- 
ferent world from that in which we have 
lived. Never again will we live in the 
world of the past two decades. The 
members of this Society and of similar 
scientific organizations must accept 
their responsibilities and they will play 
a great part in reshaping the world 
that is ahead of us and in solving the 
problems which must come. 


“The moving finger writes, and having writ 
Moves on; Nor all your piety nor wit 

Can lure it back to cancel half a line 

Nor all your tears wash out a word of it.” 
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In its report to the Society at the 
Annual Meeting a year ago,! the Execu- 
tive Committee presented a brief state- 
ment of the Society’s potential relation- 
ship to the then newly inaugurated 
National Defense Program, stressing the 
importance of materials standards in 
that program and advising of various 
steps that had been taken to make the 
standardization and other facilities of 
the Society readily available in the event 
of emergency. At that meeting we 
listened to an address* by Lt-Col. Wm. 
C. Young on the subject of Materials 
Standards in National Preparedness, 
which was almost prophetic in its treat- 
ment of the subject in the light of the 
happenings of the year that has elapsed. 
Now, at the close of a year of defense 
effort, our country is under an unlimited 
national emergency. This unquestion- 
ably marks a turning point in the coun- 
try’s war effort; production for defense 
will be greatly intensified and will take 
precedence over general industrial and 
civilian needs; many adjustments in the 
usual ways of life will be required; and, 
considering especially our own Society 
activities, many ways will develop in 
which we can aid greatly in the inten- 
sified efforts that lie ahead. It is fitting, 
therefore, that the Executive Commit- 
tee begin this annual report with a state- 
ment of the Society’s relationship to 
certain phases of the defense program, a 
record of its contributions to the program 
to date, and a brief discussion of future 
obligations. 

It has become increasingly clear that 
aspreeedines, Am. Soc. Testing Mats., Vol. 40, p. 57 
* ASTM Buttetin, No. 105, August, 1940, p. 17. 
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the program of production of armament 
and other material necessary to the 
national defense will demand the utmost 
effective utilization of our country’s 
facilities, material, and personnel. The 
magnitude of the procurement problems 
involved are now evident. An essential 
element of procurement of a product 
or material is an adequate specification 
describing the desired quality, proper- 
ties, and performance characteristics 
based upon definitive tests; and it is 
with this phase of the defense program 
as related to engineering materials that 
our Society is most concerned and can 
be of most assistance. 

The nation engages upon the defense 
program far better prepared with respect 
to specifications than ever before. In 
the last two decades, research in in- 
dustry, by the Government, and _ in 
educational institutions and research 
foundations has brought forth a great 
fund of knowledge concerning materials 
and methods of determining their prop- 
erties and evaluating their service 
characteristics. This knowledge has 
been systematically assembled and codi- 
fied into the useful form of methods of 
testing and specifications. By provid- 
ing a forum for cooperation of industry 

both producer and consumer—-Gov- 
ernment and the educational and “‘gen- 
eral interest”? groups, our Society has 
been able to formulate “standard” 
A.S.T.M. methods and_ specifications 
that represent accepted industrial prac- 
tice in the production and _ utilization 
of the materials covered. In 1917 there 
were 133 A.S.T.M. specifications, 
methods, and definitions; now there 
are 952, an increase of some seven fold, 
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which is one measure of the progress 
_ that has been made in this work. 
In this same period, the Government 
has greatly improved the basis of its 
purchases by establishing the system 
of Federal specifications and coordinat- 
ing the purchase requirements of the 
various Governmental departments 
through the activities of the Federal 
Specifications Executive Committee and 
the Procurement Division, Treasury 
Department. There are now over 1300 
Federal specifications in addition to the 
hundreds of specifications of the Army 
and Navy covering materials primarily 
_ for military purposes. Thus, the 
_ Government is well prepared with speci- 
fications upon which to base the procure- 
-ment of defense material. 
- Procurement of materials for defense 
under the stress of emergency conditions 
and with the utmost need for greatest 
speed consistent with the requisite 
quality puts a premium upon the 
soundness and practicability of specifica- 
‘tions upon which procurement is based. 
tt will contribute immeasurably to the 
ultimate success of the defense program 
if these specifications are critically re- 
_ viewed to make sure they ‘are abreast 
of modern production methods and do 
not contain requirements that seriously 
_ hinder procurement without commen- 
urate benefits. ‘To this end the Society 
has offered its assistance to the appro- 
priate agencies of the Government, with 
_ the realization that as conditions with 
respect to availability of various strate- 
_ gic materials change it will be incumbent 
all specification-writing bodies to 
modify specifications to meet the 
; changed conditions. Thus, the Execu- 
tive Committee considers it of first 
importance that the Society continue 
vigorously the development of its stand- 
ards for materials, especially those of 
importance in national defense; that 
they be kept up to date, and especially 


so with respect to changes such as those 
brought about by scarcity of certain 
materials; and finally, that standards 
be issued promptly and brought directly 
to the attention of those both in indus- 
try and in Government who are responsi- 
ble for production and procurement of 
materials. 

Scarcely less important than standard- 
ization itself is continued research in 
materials, since such research provides 
the knowledge required for the efficient 
utilization of materials and at the same 
time produces the factual information 
needed to write useful specifications. 
Every effort will be made to carry this 
work forward as expeditiously as pos- 
sible, despite the fact that the essentially 
cooperative nature of A.S.T.M. re- 
search activities and its dependence 
largely upon industry for laboratory and 
other facilities may result in delays 
due to preoccupation of personnel be- 
cause of production demands upon in- 
dustry. 

The Society’s committee organization 
can be a real aid at this time, comprising 
as it does some 60 committees with a 
membership of over 3500 individuals and 
companies, representing producing and 
consuming interests (including Govern- 
ment representatives) well informed 
collectively on all phases of production 
and use of materials, with expert knowl- 
edge of testing, specification and in- 
spection problems, accustomed to work- 
ing with one another in arriving at 
acceptable standards of quality and 
performance; and finally, prepared to 
cooperate to the fullest possible extent 
with the Government and industry in 
the present emergency. The services 
of the Society and its committees have 
been offered to the National Advisory 
Defense Commission and to the Office of 
Production Management, as well as to 
departments of the Government directly 
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concerned with specification and pro- 
curement problems. 

It seems clear that Federal specifica- 
tion-writing activities will increase con- 
siderably as an outcome of stepped-up 
requirements for defense material. These 
activities will comprise new specifica- 
tions, the revision of existing specifica- 
tions, and frequently, in the interest of 
economy and facilitating procurement, 
the harmonizing of requirements of two 
or more specifications covering materials 
for substantially the same _ purpose. 
Wherever there are comparable A.S.T.M. 
specifications—and this is frequently 
the case-—the knowledge and _serv- 
ices of our committees can be used 
to bring about closer coordination of 
A.S.T.M. and Federal specification work. 
It is in this connection that the coor- 
dination already effected through mem- 
bership of Government departments 
and individuals connected therewith on 
A.S.T.M. committees and through joint 
activities with various Government 
bureaus and laboratories will be most 
helpful. Even more direct cooperation 
is desirable, however, particularly in the 
early stages of specification writing. 
Through such cooperation it will be 
possible (1) greatly to facilitate inclusion 
of requirements in A.S.T.M. specifica- 
tions to cover the needs of Government 
procurement, (2) to inform Federal 
specification committees of considera- 
tions underlying present requirements 
in A.S.T.M. specifications and of the 
status of new specification work in 
progress, and (3) in general to make 
available to them the wealth of informa- 
tion and data on specifications and tests 
in the hands of A.S.T.M. committees. 
Methods of coordination along general 
as well as specific lines are being dis- 
cussed with the appropriate Government 
authorities, with particular reference to 
urgent specification work related to the 
defense program. 


Opportunity for such coordination will 
develop with respect to revisions of 
specifications required by the need to 
conserve certain strategic materials. 
Already the Government, through the 
Federal Specifications Executive Com- 
mittee, in collaboration with the Office 
of Production Management, is promul- 
gating ‘“‘emergency alternate” specifica- 
tions. Under this plan, the Federal 
specification itself is not changed; the 
alternate specification, which embodies 
provisions for conserving scarce mate- 
rials called for in the standard, is in- 
tended for use by the various agencies 
of the Government in all possible cases. 
The Society, through its committees, 
is prepared to advise respecting such 
emergency modifications, and to consider 
temporary revisions in its own specifica- 
tions designed to accomplish the same 
ends. The Executive Committee is 
now formulating a procedure that will 
facilitate such emergency revisions of 
A.S.T.M. standards. 

The American Standards Association 
has announced a special procedure for 
development and issuance of standards 
urgently needed in the defense program, 
such standards being set up for the 
emergency on a provisional basis subject 
to later review by established procedure 
before adoption as American Standard. 
The Society has already collaborated 
with A.S.A. in the development of a 
defense emergency standard entitled 
“Guide for Quality Control,” together 
with a “Control Chart Method of 
Analyzing Data,” and has expressed to 
A.S.A. its readiness to develop under this 
procedure any such standards requested 
in the materials field. 

Too much stress can hardly be laid 
upon the importance of specifications 
in this emergency. The country is 
facing today a period when specifica- 
tions and methods of test will be 
needed quickly, when changes must be 
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made figuratively over night, and the 
Society must be prepared to take the 
initiative in such work and carry it 
through vigorously and with minimum 
of delay. It is very gratifying, there- 
fore, that the committee work of the year 
reveals so much progress in the direction 
of standards useful in the emergency. 
The spring meetings contributed greatly 
to this progress since, being in Washing- 
ton, it was possible for many representa- 
tives of the Government departments 
to attend and discuss requirements in 
specifications important to defense. 
However, so much pressing work of this 
kind lies ahead of the Society that we 
can in ne sense be satisfied with the 
work so far accomplished but must 
continuously be on the alert to provide 
standards for materials as needed. A 
typical instance is with respect to tests 
and specifications for plastics, which are 
assuming great importance as possible 
substitutes for certain strategic metals; 
Committee D-20 on Plastics, which is 
doing pioneer work in this new field, 
has an important responsibility to pro- 
vide much needed standard test methods 
with which to determine those properties 
of the different types of plastics that 
are urgently needed to evaluate their 
suitability in a variety of new uses. 

As need arises for expert personnel 
required in the full development of the 
defense program, the Society can advise 
authoritatively in the field of materials. 
We have already advised with the Ord- 


nance Department in the formation of 
Special Ordnance Advisory Committees 


on Paints, Varnishes and Related Prod- 
ucts, and on Petroleum Products and 
Lubricants. Cooperation with the 


National Resources Planning Board in 


the development of the National Roster 
of Scientific and Specialized Personnel 
as it applies to “Testing of Materials 
and Materials Technology” was an- 


~ nounced in the October issue of the 
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ASTM Buttetrn; in this connection 
the Secretary-Treasurer serves on an 
Engineering Evaluation Committee to 
advise on the selection of personnel for 
specific projects. 

Contact has been established with the 
National Defense Research Committee, 
to whom the services of the Society in 
the furtherance of research projects have 
been offered. The Society has kept in 
touch with the universities and colleges 
giving courses in engineering training 
for defense, calling their attention to the 
availability of the various compilations 
of A.S.T.M. standards that would be 
useful in these courses. The Society 
has also distributed the Index to Stand- 
ards widely among procurement officers 
in the various branches of the Army and 
Navy and other purchase officers in the 
Government service, and has placed 
complete sets of Standards in the 
libraries of several of the key defense 
agencies. 

In April the Executive Committee 
received from Mr. Donald M. Nelson, 
Director of Purchases, Office of Produc- 
tion Management, a request that the 
services of the Secretary-Treasurer of 
the Society be loaned to the OPM to 
aid in the urgent program of conserva- 
tion of scarce materials on the part of the 
Federal Governmental agencies. It was 
explained that the demands of the de- 
fense program have already produced 
acute shortages in certain metals, and 
other materials may soon be expected to 
become scarce. The Executive Com- 
mittee, appreciating the compliment 
extended in this request, gave careful 
consideration to it and offered the Secre- 
tary-Treasurer’s services on the basis 
of full time until the work in question 
was organized (a matter of several 
weeks) and part time thereafter, with 
the understanding that his _respon- 
sibilities to the Society will need to be 
maintained and that the importance 
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of the activities of the Society and the 
Secretary’s relation thereto are such 
that the Executive Committee reserved 
the privilege of reviewing the situation 
periodically. 

Mr. Warwick began his duties with 
OPM on April 23 as Consultant on 
Specifications for Strategic Materials in 
the Division of Purchases. His work 
has to do particularly with the con- 
servation of materials in relation to 
purchases by the various Governmental 
agencies, in which emergency revisions 
of the Federal and other Government 
specifications will be an_ increasingly 
important factor. Having previously 
offered its services to the OPM in fur- 
therance of the defense program through 
its research and standardization ac- 
tivities, the Society through the Secre- 
tary’s new relationship is in a position 
to render these services promptly and 
effectively. The value of A.S.T.M. speci- 
fications to industry and the Govern- 
ment in the present emergency is recog- 
nized and many opportunities for effec- 
tive contributions by the Society to the 
whole problem of specifications for and 
procurement of defense materials will 
undoubtedly develop. 

During the period of the Secretary’s 
service in OPM, provision has been 
made for additional editorial and clerical 
help at Society headquarters. The As- 
sistant Secretary, R. E. Hess, is in 
charge of affairs at the Society head- 
quarters when the Secretary is in 
Washington. 


Committee A clivities: 


The reports of Society committees 
for the year that ends with this annual 
meeting will comprise a record of much 
accomplishment in the development of 
hew standards and revisions of existing 
Standards and the continuance of the 
Many research projects. In many fields 
of work, as mentioned above, the defense 
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emergency has spurred our committees 
to unusual endeavors, to meet the needs 
of the moment for methods and speci- 
fications that are fully abreast of the 
latest technical developments. Ac- 
cordingly the 1941 Supplements to the 
Book of Standards are expected to be 
larger than would otherwise be the 
case. Moreover many of the committee 
reports as printed in the Proceedings 
will contain records of important in- 
vestigations carried on during the year. 

The current reports of Committees 
E-9 on Research and E-10 on Stand- 
ards deal with certain phases of the 
committee work and, supplemented by 
reviews that will appear in the August 
and October issues of the ASTM 
BULLETIN, give a general summary of 
the committees’ activities. This report, 
therefore, makes brief reference only to 
several administrative actions during the 
year. 

In order to simplify the work of the 
Society in development of specifications 
and tests for electrodeposited metallic 
coatings and also the Society’s coopera- 
tive relations with the American Electro- 
Platers’ Society and the National Bureau 
of Standards in work on this subject, 
there was organized at the spring meet- 
ing in March a new Committee B-8 on 
Electrodeposited Metallic Coatings 
under the following officers: E. M. 
Baker, chairman; E. A. Anderson, vice- 
chairman; Gustaf Soderberg, secretary. 
As noted in the last annual report® the 
formation of this new committee neces- 
sitated relinquishment of their jurisdic- 
tion over certain phases of the subject 
by the three committees who have here- 
tofore been dealing with electroplated 
coatings, namely, A-5 on Corrosion of 
Iron and Steel, B-3 on Corrosion of 
Non-Ferrous Metals and Alloys, and 
B-6 on Die-Cast Metals and Alloys. 


wee Am. Soc. Testing Mats., Vol. 40, p. 43, 
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Jurisdiction in the matter of standards 
for electrodeposited coatings has been 
transferred from these three committees 
to the new committee, with the exception 
that Committee A-5 has retained juris- 
dictio.. for specifications for electro- 
deposited coatings of cadmium and zinc 
on steel inasmuch as it is extremely dif- 
ficult to dis.inguish between electro- 
plated zinc or cadmium coatings applied 
to steel for the purpose of finish and 
electroplated coatings of the same mate- 
rials applied for protection purposes. 
Two tentative standards have been 
transferred from the jurisdiction of 
~Committee A-5 to that of the new com- 
mittee, namely, Tentative Specifications 
for Electrodeposited Coatings of Nickel 
and Chromium on Steel (A 166 — 40 T) 
and Tentative Methods of Test for 
Local Thickness of Electrodeposited 
Coatings on Steel (A 219-40T). The 
following is the formal statement of 
scope of the new committee: 


“To prepare specifications for electro- 
deposited metallic coatings of all kinds on all 
types of base materials and methods of 
testing these coatings, including all per- 
tinent investigation on the base materials, 
the methods of production and subsequent 
treatment of clectrodeposits, the properties 
of these deposits and their performance 
under conditions of use and under test; 
-exling only electrodeposited coatings of 

zinc and cadmium on steel.” 


The Joint Committee on Exposure 
Tests of Plating on the Non-Ferrous 
Metals formerly under the auspices of 
the National Bureau of Standards, 
American Electro-Platers’ Society and 
the A.S.T.M. has now been discharged 
_ since its activities will be carried on in 
the newly organized Committee B-8. 

The reorganization of Committee C-18 

on Natural Building Stones and Slate 
referred to in the report a year ago has 
_ been completed under the following 
officers: W. C. Clark, chairman; T. I. 
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Coe, vice-chairman; D. W. Kessler, 
secretary. Since in the belief of the 
committee “‘slate” is properly understood 
to be included under the term “natural 
building stones,” the title of the com- 
mittee has been changed to Natural 
Building Stones and the statement of 
scope edited accordingly. 

In response to a request from the 
Insulation Board Institute that the 
Society undertake the development of 
tests and specifications for thermal 
insulating board, it was decided that 
such work should be initiated in Com- 
mittee C-16 on Thermal Insulating 
Materials, for which purpose the scope 
of that committee was enlarged to 
include thermal insulating materials 
used in the building field. The com- 
mittee has already begun work on this 
subject and has recognized especially 
the interest of Committee D-6 on Paper 
and Paper Products in this subject by 
providing for formal representation of 
that committee on Committee C-16. The 
scope of Committee C-16 now reads: 


“Formulation of test methods and speci- 
fications relating to thermal insulating 
materials, except those used in the insulating 
refractory field.”’ 


The scope of Committee B-6 on Die- 
Cast Metals and Alloys has been en- 
larged to include copper, iron, and other 
die-casting alloys. The revised state- 
ment of scope is as follows: 


“Aluminum, copper, iron, lead, mag- 
nesium, tin and zinc-base die-casting alloys 
or any other alloys cast in molds or dies 
under pressures other than gravity and usu- 
ally substantially greater than atmospheric 
pressure. Formulation of specifications and 
methods of test. Studies of finishing prop- 
erties and corrosion resistance of die castings. 
Also studies of the art of die casting and the 
material needs for die-casting machines 
and dies.” 


The scope of Committee D-5 on Coal 
and Coke has been extended to include 
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classification of coals for domestic and 
industrial use on the basis of chemical 


and physical characteristics. This has 
been necessitated by the fact that the 
Sectional Committee on Classification 
of Coal functioning under the procedure 
of the American Standards Association 
was discharged in February, 1939, and 
its work turned over to Committee D-5. 

The development of standards dealing 
with the stabilization of soils for high- 
way purposes is a matter of interest to 
both Committees D-4 on Road and 
Paving Materials and D-18 on Soils 
for Engineering Purposes. The latter 
committee, through its Subcommittee 
V on Methods of Testing for Stabilized 
Soils, has developed various methods of 
test which have important applications 
to the use of soils as a road material and 
therefore bear upon phases of the work 
of Committee D-4. The following 
policy has accordingly been set up to 
guide the relationship of the two com- 
mittees in this subject of common 
interest: 


“Work on methods of testing for stabilized 
soils will continue under the administrative 
guidance of Committee D-18 through its 
Subcommittee V. With respect to tests of 
stabilized soils that have applicability as 
road materials, Subcommittee V will func- 
tion with mutual responsibility to Commit- 
tees D-18 and D-4 and will report simul- 
taneously to the two committees. Com- 
mittee D-18 will report the work of Subcom- 
mittee V to the Society and will indicate in 
its report the opinions and votes of Com- 
mittee D-4. Committee D-4 will include 
in its annual report a record of its action 
in all such matters. The personnel of Sub- 
committee V shall be acceptable to the two 
committees. A.S.T.M. methods developed 
under this procedure will be indicated as 
being under the joint jurisdiction of Com- 
mittees D-18 and D-4.” 


The Executive Committee approved 
the discharge of Subcommittee V on 
Magnetic Analysis of Committee A-6 
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on Magnetic Properties, in view of the 
explanation of Committee A-6 that the 

present state of the art of magnetic 

analysis does not lend itself to standard- 

ization and that as a result of the 
highly competitive nature of present 

developments, cooperative research on 

the part of the committee is not prac- 

ticable. It was understood, however, 

that Committee A-6 is prepared to take 

up at a later time any work in the field 

of magnetic analysis that may be neces- 

sary. 


Marking Requirements in A.S.T.M. 


Specifications: 


During the year the Executive Com- 
mittee and Committee E-10 on Stand- 
ards have considered a suggestion that 
the clauses in A.S.T.M. specifications 
dealing with requirements for marking 
materials and products should contain 
a requirement that such materials or 
products be marked or tagged in some 
suitable manner to indicate conformity 
with the specifications. This require- 
ment is already included in a number of 
instances and the practice might be 
advantageously extended. While this 
proposal necessarily has its limitations 
and it may not always be feasible clearly 
to identify material as conforming to 
A.S.T.M. specifications, it would seem 
to be of direct value and assistance to 
the consumer to have such requirements 
included in the specifications of the 
Society. Moreover this practice if gen- 
erally followed should further enhance 
the prestige of A.S.T.M. specifications 
and promote their use. Accordingly 
the Executive Committee, acting jointly 
with the Committee on Standards, has 
formulated the following policy: 


“Standing committees may, wherever 
possible and solely for the purpose of identi- 
fying the material or product, provide in 
A.S.T.M. specifications that the material 
suitably 
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marked or tagged with the A.S.T.M. serial 
_ designation of the specification and the 
type, class or grade of material or product 
where such is specified.” 


Tt is emphasized that the purpose of 
this requirement is to provide identi- 
fication of the material or product as 
furnished by the manufacturer in ac- 
cordance with the requirements of the 
specifications and that the Society is 
not in any sense certifying or guarantee- 
ing compliance with these requirements. 
_ The latter is properly a matter entirely 
between the parties to the specification. 

The standing committees have been 
requested to review the specifications in 
their charge and determine prior to the 
1942 annual meeting whether marking 
requirements in accordance with this 
policy, if not already provided, shall be 
included; and if so to include the neces- 
sary revisions in their 1942 reports. In 
this way ample time is given for the 
matter to be considered and actions by 
the Society on such recommendations 
are timed to coincide with the publica- 
tion of the Book of Standards. 


District Committees: 


The Executive Committee has noted 
with appreciation the activities of the 
district committees throughout the year 
which have served in a number of ways 
to promote the interests of the Society. 
In particular the holding of district 
meetings, as noted later in this report, 
has served to bring the work of the 
_ Society favorably to the attention of 
many individuals and companies 
throughout these districts and to spread 
a knowledge of the value and signifi- 
cance of the Society’s standards and 
of the advantages of A.S.T.M. member- 
ship. Clearly the functions of our 
district committees are assuming added 
importance from year to year, providing 
as they do an opportunity for local 

activities in which members of the 
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Society can participate as well as an 
excellent means of promoting the in- 
terests and welfare of the Society in the 
respective districts. 

The fifth conference of officers of 
district committees was held during the 
spring meeting in Washington in March, 
1941, at which a very informative dis- 
cussion of matters of interest to the dis- 
trict committees took place. 

While the Secretary-Treasurer or some 
member of the Staff meets in general at 
least once a year with the district com- 
mittees or attends local meetings under 
their auspices, this has not been prac- 
ticable in the case of the Northern and 
Southern California Committees because 
of the time, distance, and expense in- 
volved. However, in February, 1941, 
the Secretary-Treasurer visited _ the 
Pacific Coast—the first visit since Sep- 
tember, 1938 -—- and met with the 
Northern and Southern California Dis- 
trict Committees for full discussion 
regarding many phases of the Society’s 
work in those districts. Since distance 
generally precludes the possibility of 
Pacific Coast district officers attending 
the annual conferences above referred to, 
the Secretary’s visit provided the oppor- 
tunity of discussing with these officers 
such matters as how the influence of the 
Society among Pacific Coast industries 
can be extended, knowledge of A.S.T.M. 
standards and data on materials pro- 
moted, how membership can be in- 
creased, and how our Pacific Coast 
members individually and as a group 
can contribute effectively to the work 
of the Society notwithstanding _ the 
handicap of distance. Out of these 
deliberations have come valuable sug- 
gestions regarding administration of 


district affairs, improvements in Society 
publications, modifications in standard- 
ization procedure and increased pat- 
ticipation of members in the committee 
work of the Society. a 
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During this visit to the Pacific Coast 
the Secretary-Treasurer found oppor- 


the tunity to call upon a number of men 

engaged in industries, notably aircraft 
of manufacturing, who should be in the 
the Society and aiding in the development of 
ch, specifications and tests for materials 
dis- that they either produce or use. The 


dis- officers and members of the district com- 
mittees aided very effectively in this 
yme work. Some general impressions from 
| at this visit are recorded in the ASTM 
om- BULLETIN for March, 1941. 
der Meetings: 
rac- 
and The various meetings held during the 
Luse past year have been fully reported in 
in- the ASTM BULLETIN so it is sufficient 
O41, here simply to cite them as a matter of 
the official record, with an expression of 
Sep- appreciation from the Executive Com- 
the mittee to the many members of the 
Dis- committees who helped to make these 


meetings successful. 
ty’s The twelfth Spring Meeting and 
meetings of committees were held at 


ance 
-_ Washington, March 3 to 7, 1941, and 
ding featured two symposiums, one on New 
d to, Methods for Particle Size Determinations 
por- in the Subsieve Range, sponsored by 
‘cers Committee E-1 on Methods of Testing, 
the the other on Color—Its Specification 
tries and Use in Evaluating the Appearance 
rM. of Materials, sponsored jointly by the 
pro- Inter-Society Color Council and Com- 
i mittee D-1 on Paint, Varnish, Lacquer - 
cast and Related Products. The total regis- 
roup tration was 1020 (the largest to date), 
work with over 200 committee, subcommittee 
the and section meetings. Plans for the 
these meeting were developed by the Washing- 
sug- ton Committee on Arrangements under 
«a the chairmanship of Vice-President G. E. 
ciety Lundell. 
Jard- Phe following local meetings were held 
par- under the auspices of the respective dis- 
rittee trict committees: in Chicago, October 


10, 1940, a joint meeting of the Chicago 
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District Committee and the Chicago 

Chapter of the American Society for 

Metals, on the subject “Aircraft Metal-— 
lurgy”; in New York, October 17, 1940, 

on the subject of “Glass”; in Philadel-_ 

phia on November 15, 1940, on 
subject “Specifications—Their Use and 
Abuse” and on April 29, 1941, and May 
28, 1941, on the subject of “Replace-— 
ment Materials,” the latter dealing 
primarily with metals; in Cleveland, 
January 30, 1941, on the subject “Speci- 
fications-Their Extreme Importance 
in the Present Emergency”; in Los 
Angeles, February 20, 1941, at which a 
lecture was presented on “Materials” 
Testing Problems Arising from the Ad- 
vance in Aircraft Performance’; in 
Detroit, April 18, 1941, devoted to the 
general subject “Changes in Materials | 
Due to Defense Requirements,” which 
were discussed under the headings of — 
non-ferrous metals, chemicals and plas- 
tics, rubber, and ferrous metals. Ac- 
counts of each of these meetings have 
appeared or will appear in the ASTM 

BULLETIN. 

The Executive Committee announces 
that the next Spring Meeting and group — 
committee meetings will be held in- 
Cleveland, March 2 to 6, 1942. The 
next Annual Meeting will be held in 
Atlantic City, N. J., June 22 to 26, 
1942. 


Publications: 


While the magnitude of publications: 
during the past year was cut down some- 
what over the previous year in view of 
the fact that Supplements only to the 
Book of Standards were issued rather 
than complete volumes, nevertheless 
due to the appearance of a number of 
special compilations it was an exceed- 
ingly busy year. It is most significant 
how the demand for these special compi- 
lations continues to grow. Nine of these 
were issued during the past year. The 
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sizes, editions, and number of standards 
in each of these publications is indicated: 


A.S.T.M. Standards on Cement (Committee 
C-1), 107 pages, 2250 copies, 12 standards, 
published annually. 

Manual of A.S.T.M. Standards on Refractory 
Materials (Committee C-8), 184 pages, 2500 
copies, 25 standards, published biennially. 

A.S.T.M. Standards on Paint, Varnish, 

eg and Related Products (Committee 
D-1), 356 pages, 1500 copies, 106 standards. 
A.S.T.M. Standards on Petroleum Products 
and Lubricants (Committee D-2), 364 pages, 
— 5000 copies, 77 standards, published annually. 
A.S.T.M. Standards on Coal and Coke (Com- 
mittee D-5), 136 pages, 1500 copies, 28 stand- 
ards, published biennially. 

A.S.T.M. Standards on Electrical Insulating 
Materials (Committee D-9), 344 pages, 750 

- copies, 47 standards, published annually. 

A.S.T.M. Standards on Rubber Products 
(Committee D-11), 264 pages, 1200 copies, 34 

published biennially. 

A.S.T.M. Standards on Textile Materials 
(Committee D-13), 380 pages, 1500 copies, 65 
standards, published annually. 

A.S.T.M. Specifications for Pipe and Piping 
Materials for High-Temperature and High 
Pressure Services (Committee A-1), 153 pages, 
plus 2 insert plates, 1000 copies, 23 standards, 
published annually. 


This list will be still further aug- 
mented since several other committees, 
notably, Committees B-4 on Electrical- 
Heating, Electrical-Resistance and Elec- 
_tric-Furnace Alloys, B-5 on Copper and 
Copper Alloys, Cast and Wrought, and 
-C-9 on Concrete and Concrete Aggre- 
gates, have expressed an interest in hav- 
ing compilations issued in the fields 
covered by these committees. 

One of the uses to which these special 
‘compilations are put is in connection 
with the defense courses that are now 
; being sponsored at a number of engineer- 
ing schools throughout the country. 
Of even more importance in this con- 

nection, however, is the special com- 
pilation of Selected A.S.T.M. Standards 
_ for Students in Engineering that is issued 
_ specifically for student use. This «in- 
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creased use has been reflected in an un- 


usually heavy demand which has neces- 
sitated a further printing of the com- 
pilation this year (3000 copies), despite 
the fact that only two years ago an edi- 
tion, that was expected to last for over 
three years, was struck off. 

The Supplements to the Book of 
Standards proved to be somewhat larger 
than expected. This is the first ex- 
perience we have had with Supplements 
under the new scheme of publication 
whereby both standards and _ tentative 
standards are included in the three 
parts of the Book of Standards, and 
in the Supplements thereto. The Sup- 
plements in 1940 contained all those 
standards that had been revised and 
adopted in that year, and all new and 
revised tentative standards. The new 
scheme has proved to be quite popular, 
and by having the Index to Standards 
and Tentative Standards appear con- 
currently with the Supplements, the 
utility of the books is greatly augmented. 

The following regular publications 
were issued and distributed to the mem- 
bers: 


1940 Proceedings, 1403 pages, 4850 copies. 
In addition preprints of reports and_ papers 
totaled 1209 pages, 1500 copies. 

1940 Supplements to Book of Standards: 

Part I, 501 pages, 8200 copies. 
Part II, 371 pages, 6300 copies. 
Part III, 597 pages, 6100 copies. 

Index to Standards, Including Tentative 
Standards (1940), 160 pages, 16,500 copies. 

Index to Standards, Including Tentative 
Standards (1940-1941), 172 pages, 15,500 copies 

Year Book, 320 pages, 3350 copies. 

ASTM BuLLetiy, six issues, August 1940 
to May 1941, 416 pages; average edition, 670 
copies. 


The Symposium on New Materials 
in Transportation, held at the Detroit 
Regional Meeting in 1940 was published 
and furnished to members on ordet. 
The symposium comprised 100 pages, 


and 2000 copies were printed. 
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The following symposiums, presented 
at the 1940 annual meeting, were pub- 
lished in the January and March, 1941, 
issues of the ASTM BUuLLETIN, respec- 
tively: 

Symposium on Tools of Analytical Chemistry 

Symposium on Spectrographic Analysis 

The Symposium on Spectrographic Analysis, 
together with the Symposium on Tools, has also 
been reprinted in separate pamphlet form, the 
size of the combined symposiums being 56 pp.; 
1000 copies of the reprint were issued. 

The Topical Discussion on Radio- 
graphic Testing of Airplane Components, 
due to lack of availability of some of the 
material, was not printed, but the paper 
and discussion at hand were mimeo- 
graphed and will be furnished to the 
members on request. 

A statement of the volume of the prin- 
cipal publications for the past four years 
follows. This statement is not truly 
comparative because all of the standards 
published in 1937 and most of those in 
1938 were in the single-column format 
that has now been discarded: 


1937, | 1938, 1939, | 1940, 


Book of A.S.T.M. Standards 
Supplement to Book of A.S.- 


icati 
Publication pages pages, pages | pages 
Proceedings 2092 | 2084 


1352 | 1403 
| 3794 


T.M. Standards 282 | 251 -.- | 1445 
A.S.T.M. Methods of Chemi- 
cal Analysis of Metals 260 35 | 256 
Index to A.S.T.M. Standards 
_and Tentative Standards. . 120; 128, 160. 172 
Year Book uhdae 272 286 304 320 
book of A.S.T.M. Tentative 
Standards 1664 | 1796 | .... 
Spring Meeting Sympo- 
232 | 57 | 251! 100 
| 4922 | 4637 | 6117 | 3440 


The following publications were also 
issued, the first two being reprints from 
the Proceedings: 


Report of Committee A-5 on Corrosion of 
Iron and Steel, 25 pages, 500 copies. 
_ Symposium on Significance of the Tension 
Test in Metals in Relation to Design, 113 pages, 
2000 copies. 

A.S.T.M. Manual on Presentation of Data 
(E-1), 81 pages, 2600 copies. 

Index to Literature on Spectrochemical An- 
alysis (Second Edition), 96 pages, 1500 copies. 
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A.S.T.M. Specifications and Methods of 
Test (Referred to in the Report of the Joint 
Commit_ee on Standard Specifications for Con- | 
crete and Reinforced Concrete), 133 pages, 1500 | 
copies. 

Viscosity Index Tables, 35 pages, 2300 copies.’ 

Viscosity Conversion Tables, 12 pages, 2300 
copies. 

Viscosity Temperature Chart B, 1 sheet, 
20,000 copies. 


A special publication covering a Re- 
port on Significance of Tests of Concrete 
and Concrete Aggregates, issued in 


1935, is now being brought up to date — 


under the sponsorship of a committee 
headed by Mr. R. W. Crum. Several 
chapters of this publication are being 
presented at the current annual meeting 
as individual papers. 

A further publication is now under. 
revision, namely, the Symposium on- 
Mineral Aggregates issued in 1929. 
Mr. Stanton Walker is chairman of a 
special committee in charge of this 
revision. 

Work is now in progress on the Index 
to Technical Reports and Papers (1936 
1940). This is an extension of the for- 
mer five-year Index to Proceedings, and 
will include references to papers pub-— 
lished in the ASTM ButLietin and 
any special publications, as well as those 
appearing in the Proceedings. It is 
expected that this Index will be available 
later in the year. 

Charge for Right to Reprint Standards. 

Mention was made in the 1940 report 
of the Executive Committee of the es- 
tablishment of a policy of charging for 
the reprinting of A.S.T.M. Standards. 
In this connection a number of requests. 
have been received during the year for 
permission to reprint. It is, of course, 
understood that this applies only to the 
reprinting of standards where they are 
used for commercial distribution; no 
charge is made for the reprinting of 
standards in text books and _ similar 
publications. 
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Registration of A.S.T.M. Seal: 


The A.S.T.M. seal has been registered 
as a trade mark by the U. S. Patent 
Office under certificate of registration 
dated October 15, 1940. It is the in- 
tention to reserve the use of the Society 

_ seal solely for publications issued by the 
_ Society. Wherever the seal is used in 
the title pages of publications and in the 
Bu the fact of registration 
will hereafter be indicated. 
Membership: 

The membership of the Society on 
June 1, 1941, was 4470, which is the 
highest in our history the previous 

high having been 4449 in October, 1930. 
Statistics showing gains and losses in 
various classes of membership are as 
follows: 


Membership 


Class of Membership 


June 1, 1940 
June 1, 1941 
Resignations 


Honorary 

Life or Perpetuity 

Sustaining 

Company, Firm, etc. ........ 
Individual, ete. 

Junior 


Total 


Student 


Loss. 


The net gain for the year of 156 com- 
pares with 115 for the preceding year 


and 43 for two years ago. Elections to 
membership were 370 compared to 358 
for the preceding year; losses from resig- 
nations and delinquencies were 191 
compared to 222 for the preceding year. 
The number of student members in- 
creased from 411 to 437. 

The growth of sustaining membership 
has continued in a very gratifying man- 
ner, the number of sustaining members 


having increased from 88 a year ago to 
136 as of June 1. The names of the 48 
new sustaining members, listed alpha- 
betically are given below: 


Acme Steel Co. 

American Brass Co., The 

American Cast Iron Pipe Co. 

American Cyanamid Co. ae 

American Gas and Electric Service Corp. 

American Rolling Mill Co., The 

Armstrong Cork Co. 

Babcock & Wilcox Co., The 

Barrett Co., The 

Bigelow-Sanford Carpet Co., Inc. 

Canadian Car and Foundry Co., Ltd. 

Chapman Valve Manufacturing Co., The 

Chrysler Corp. 

Combustion Engineering Co., Inc. 

Consolidated Gas Electric Light and Power Co. 
of Baltimore 

Dow Chemical Co., The 

Flintkote Co., The 

General Electric X-Ray Corp. 


Additions 


Losses 


Transfer 
Transfer 


we 
CAS: 


a 


Hercules Powder Co. 

Hygrade Sylvania Corp. 

Irvington Varnish and Insulator Co. 
Jones & Laughlin Steel Corp. _ 
Kimble Glass Co. 

Laclede Steel Co. 

Lebanon Steel Foundry 

Monsanto Chemical Co. 

Montgomery Ward and Co. : 
National Cash Register Co., The. x 
National Gypsum Co. 
Pennsylvania Railroad Co., The 
Revere Copper and Brass, Incorporated 
Riverside Metal Co., The 

Rustless Iron and Steel Corp. 
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Scovill Manufacturing Co. 

Smith and Sons Carpet Co., Alexande 

Southwestern Portland Cement Co. ia 

Sperry Gyroscope Co., Inc. 

Superheater Co., The 

Tennessee Coal, Iron and Railroad Co. 

Tennessee Eastman Corp. 

Timken Roller Bearing Co., Steel and Tube 
Division 

Udylite Corp., The 

Union Pacific Railroad Co. 


United Engineering and Foundry Co. “= 


United States Pipe and Foundry Co. 
Westinghouse Air Brake Co. 

Westinghouse Electric and Manufacturing Co. 
York Ice Machinery Corp. 

The Riverton Lime and Stone Co., 
Inc., has qualified as a sustaining mem- 
ber since June 1 and Chase Brass & 
Copper Co. will become a sustaining 
member shortly. 

Of these, as may be seen from the 
accompanying membership table, 39 
were acquired by transfer of existing 
company memberships (which accounts 
for the relatively small net increase in 
the number of company memberships 
during the year) and nine were acquired 
by companies who had not previously 
held company membership. The Ex- 
ecutive Committee expresses on behalf 
of the Society its thanks to these com- 
panies for their willingness to lend 
increased financial support to the So- 
ciety’s activities through this form of 
membership. 

The Executive Committee also ex- 
presses its thanks to the district com- 
mittees and the many members of the 
Society who throughout the year have 
aided so effectively in the acquiring of 
new members. 

The Executive Committee has author- 
ized the Secretary-Treasurer to waive 
upon their request the dues of members 
oi the Society who have entered the 
armed forces of their country. The 
names of such members will be retained 
on the membership rolls during the 
period of their service and they will 
tetain all privileges of membership, 
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save that the Book of Standards and the 


Proceedings will not be sent them. They 


will continue to 
BULLETIN. 
standing committees of members in 
service, the standing committees are 
privileged to take cognizance of any 
unusual conditions of this kind dhe 
the activity of their committee members 


receive the ASTM 


and, if they desire, to place such mem- 


Regarding membership on 


bers in an inactive status for the duration 


of the emergency. 


The Society has lost the following 


members through death: 


Hate of 
Membership 

1926 
1928 
Hadfield, Robert A............. 1906 
1905 
Hovey, 1908 
Jumper, Charlies H............. 1922 
Law, LeRoy M M... 1912 
McKinney, 1915 
Muckenfuss, A. Moultrie........ 1909 
1921 
Reed-Lewis, E. W.............. 1935 
Sabin, Alvah Horton........... 1898 
Schorndorfer, 1928 
Stolzenbach, William F.......... 1937 
Storey, W. 1903 
Thomas, David................ 1900 
Uhlig, Edward C............... 1925 
von Frankenberg und Ludwiss- 

1934 
1931 
1908 


Many of these members were engaged 
in the technical and administrative 
work of the Society, among them G. B. 
Heckel, a former member of the Execu- 
tive Committee, A. N. Johnson, a 
former member of the Committee on 
Papers and Publications, E. L. Lasier, 
L. M. Law, P. E. McKinney, A. M. 
Muckenfuss, and A. H. Sabin. 

At the annual meeting the Executive 
Committee will award a certificate com- 
memorating forty years of continuous 
service to C. N. Forrest. ‘Twenty-seven 
such awards have been made since these 
awards were established three years ago. 
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Finances: 


Report for the Fiscal Year 1940.—The 
annual statement of the finances of the 
Society follows in the report of the 
auditors for the fiscal year, January 1 
to December 31, 1940. The report 
gives the balance sheet of assets and 
liabilities, including special and desig- 
nated funds (that is, the Research Fund, 
Medal and Lecture Fund, and Commit- 
tee Funds); statement of receipts and 
disbursements, in which items are classi- 
fied into ‘operating’ (budgeted) and 
“nonoperating” ; details of special funds; 
and investment of Society funds, both 
book and market values being given. 

Total receipts from dues and entrance 
fees in 1940 were $91,928.53, an increase 
of nearly $9000 over the preceding year 
a fact that is accounted for by a substan- 
tial growth of membership and the very 
substantial increase in the number of 
sustaining members. Receipts from 
sales of publications were at the all-time 
high total of $81,638.65, which is due 
primarily to the heavy sales of the 1939 
edition of the Book of Standards, which 
amounted to practically $36,500. This, 
together with the largest sale of separate 
reprints of standards in any year, ap- 
proximately $9200, is convincing evi- 
dence of the important place. that 
A.S.T.M. standards fill in the industrial 
world. Miscellaneous receipts amounted 
to $15,311.96, consisting principally of 
receipts from advertising in the ASTM 
PULLETIN and Index to Standards and 
Tentative Standards, interest and divi- 
dends, and registration fees. Receipts 
from advertising in the BULLETIN, nearly 
$7200, slightly exceeded those in 1937, 
the highest previous year. 

Total operating receipts were 
$188,879.14. Total operating disburse- 
ments with all current bills paid (as de- 
tailed in the auditors’ report) were 
$164,623.39. This sum includes $6000 


applied from current income towards the 
reserve for publication of the 1942 Book 
of Standards; also $1500 (one-half of the 
entrance fees) paid into the principal of 
the Research Fund and $1259.30 paid 
into the Employees Retirement Plan. 

A favorable balance between operating 
receipts and disbursements of $24,255.75 
has resulted. It is to be remembered 
that the Society’s financial operations 
need to be considered over a three-year 
period for a true picture because of the 
factors introduced by triennial publica- 
tion of the Book of Standards. In view 
of the uncertain times that lie ahead it is 
gratifying that the three-year period 
1940 41-42 has gotten off to such an 
excellent start through this favorable 
balance. It is likely that, in line with 
experience in preceding triennial fiscal 
periods, some of this surplus will be 
needed for operation of the Society in 
1941 and 1942. 

Attention is called to the payment, as 
noted _under nonbudgetary  disburse- 
ments, of $10,109.75 from Book of 
Standards Reserve. This completes the 
payment of costs on the 1939 Book of 
Standards, which as reported a year ago 
totaled $27,088.92. There remains a bal- 
ance in the Book of Standards Reserve of 
$1890.25 which will be applied to costs of 
the 1942 edition. 

Attention is also directed to the cost 
of publishing the 1940 Supplements to 
the Book of Standards comprising 50l 
pages, Part I (8200 copies); 371 pages, 
Part II (6300 copies) ; 597 pages, Part Ill 
(6100 copies), namely $14,928.13. 

The auditors’ report includes a state- 
ment of the financial condition of the 
Society for the past five years. ‘The sur 
plus in the general funds account, exclu: 
sive of special and designated funds, 
is $81,144.08, which compares with 
$58,117.14 a year ago. ‘The principal d 
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the Research Fund as of December 31, 
1940, was $28,791.15. 

Investment of Society funds as of 
December 31, 1940, are given in the 
auditors’ report, both book and market 
values being shown. The following 
changes in the investment portfolio, in- 
cluding the purchase of a number of 
dividend-paying common stocks from 
surplus, are noted: 


GENERAL FUNDS 
Sold = Received 


$3000 Penna. State Water Corp. First Collateral 
trust, 1966 (called) 
20 shares West Penn Power Co. Preferred... . 
1000 Columbia Gas & Electric Co. Debenture 
5’s, due 1961 (sold to Research Fund) . 
3000 Republic Steel Corp. General Mortgage B, 
: 4’s, due 1961 (Transferred to Research 


$3 192.62 
2 338.60 


1 012.66 


und) 
1 ian Standard Oil Co. of New Jersey . 
$6 584.56 
Bought 
30 shares ae Progressive Federal Savings 


Cost 


n Assn. . $3 000.00 
30 shares Collingdale Federal | Savings & 
Loan Assn.. 
50 shares American Cyanamid Co., ‘Class e. 
common..... 

7 shares American ‘Cyanamid Co. bi 5 per 
cent Cumulative Convertible Preferred 
(dividend) 

100 shares Atlantic Refining Co., common . 

100 shares Borden Co. 

25 shares Colgate- Palmolive-Peet Co. $4.25 
Preferred 

50 shares General Telephone ‘Corp. 
Preferred . 

100 shares Mathieson Alkali Works, common. 

25 shares J.C. Penney Co.,common... 

100 shares Public Service of N. 
common ; 


3 000.00 
1 764.25 


2 302.50 
1 989.00 
2 525.00 
$2. 50 

2 675.00 
3 016.00 
2 279.63 


4 50 
“6 680. 0.88 
RESEARCH FUND 
Sold 
$1000 Baldwin Locomotive Works First Mort- 
gage Sinking Fund Bonds (matured).... $1 000.00 


Received 


Bought 


Cost 
100 Gas Co. 


. $1489.00 


5’s, due 1961. . 
$2 501.66 


Profits totaling $509 were realized on 
sales of securities during the fiscal year. 

No account has been taken in the 
accompanying financial statement of the 
assets of the Society in the form of pub- 
lications in stock. An inv entory of tech- 
nical publications as of June 1, 1941 , may 
be summarized as follows: 


Number 
of Copies 
111 


Year Book 

Proceedings 

Index to Proceedings, 5 parts, total . . 
1939 Book of A.S.T.M. Standards: 


Supplements to 1939 Book of A.S.T.M. 
Standards 
Part I 
Part II 
Part II. . 
Index to Standards and Tentative 
Selected Standards for Students in 
Engineering. . ast 
Reprints of Standards and Tentative 
Standards (approximate)........ 57 000 
Special Reprints (approximate)...... < 33 000 


1941 Finances.—The Society’s opera- 
tions for 1941 are based upon budgeted — 
operating receipts of $176,600, of which 
$172,000 is estimated current receipts 
and $4600 is applied to 1941 operations 
from surplus. Receipts from dues and 
entrance fees are estimated at $93,000; 
receipts from sales of publications at 
$61,500, of which about $23,000 is ex- 
pected to be realized from sales of the 
Book of Standards and its Supplements; 
miscellaneous receipts, including adver- 
tising, interest and dividends and 
A.S.T.M. Exhibit, are estimated at 
$17,509. Disbursements have been esti- 
mated at $175,650, leaving $950 for con- 
tingencies. The budget provides fully 
for all the Society’s normal operating 
expenses, including all current publica- 
tions, activities of standing and district 
committees, as well as additions to the 
clerical staff required by the growth of 
Society activities. It also includes the 
sum of $1000 to be applied to expenses 
that might need to be incurred in rela- 
tion to the emergency program on na- 
tional defense. 

The Executive Committee reviews the 
budget of receipts and disbursements 
quarterly and makes any adjustments 
that may be necessary. 

The following investments have been 
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made so far this year: Twenty-five shares 
of common stock of American Can Corp. 
costing $2122.30 were bought for the 
General Account and 25 shares of com- 
mon stock of Pittsburgh Plate Glass Co. 
costing $1955 were bought for the Re- 
search Fund. ‘The bonds of the Wheel- 
ing Steel Co. of which the Society had 
$3000 in the General Funds have been 
called, and the proceeds, augmented by 
funds from current income, have been 
invested in $4000 General Steel Castings 
Corp. First Mortgage, Series A, 53 per 
cent Bonds, and $3000 Pressed Steel Car 
15-yr. 5 per cent Debenture. Bonds. 
These investments do not appear in the 
current auditors’ report. They bring 
the total book value of Society invest- 
ments as of May 31, 1941, in all funds 
to $120,105.99; the market value of 
these securities on the same date was 
$94,831.29. The Society’s cash balance 
in the General Funds on Mey 31, 1941, 
was $90,261.86. 


Retirement Plan for ee 


The Retirement Plan for A.S.T.M. 
Employees continues along lines that 
have been set forth in earlier reports. 
May 3, 1941, marked the close of the 
third year of the Plan. Beginning with 
that date the Executive Committee in- 
creased the Society’s contribution by a 
total of $20 per month, comprising the 
first contract for a new employee and 
additional contracts for seven employees, 
most of them of long years of service. 
Three of the newer employees are eligible 
for first contracts later this year. The 
Society’s annual contribution to the plan 
is now at the rate of approximately $1475, 
which is slightly over 25 per cent of the 
salary roll. Participating employees 
match the Society’s contribution and 
have the opportunity of increasing their 
own contributions to provide insurance 
features or increase the face value of the 
retirement income policies. 


Staff Organization: 

As announced in the ASTM Bu.teny 
for March, 1941, the Executive Commit. 
tee has established the following posi- 
tions and titles, and the members of the 
present staff whose names appear below 
have been appointed respectively to the 
positions stated: 


Standards Editor.......... .. P.J. Smith 
Assistant to the Secretary . R. J. Painter 
Assistant Editor G. A. Wilson 


The Executive Committee has also 
designated the Assistant Secretary, R. E. 
Hess, as Editor of the BULLETIN and 
Mr. Painter as Associate Editor. 


Proposed Amendment of the By-laws: 


Experience with the method of select- 
ing members of the Nominating Commit- 
tee, as set forth in Article III of the By- 
laws, has led the Executive Committee 
to conclude that it is advisable to appoint 
the Nominating Committee at the Octo- 
ber quarterly meeting of the Executive 
Committee instead of the January meet- 
ing, in order that there may be oppor- 
tunity to announce the names of the 
members and alternates on the Nominat- 
ing Committee well in advance of their 
scheduled meeting in March of each year. 
The Executive Committee accordingly 
recommends that the following amend- 
ment of Article III, Section 2, of the 


‘By-laws be referred by the annual meet- 


ing to letter ballot of the Society for 
adoption: 

Substitute the italicized words in this 
section for those in brackets: 


“Section 2. Not later than September ! | 
[Within five days after December 1} of each 
vear the Secretary-Treasurer shall notify 
every member of the Society that he has the 
right to recommend two memvers for ap 
pointment on the nominating committee. 
The procedure governing the transmission 
of such recommendations shall be designed 
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REPORT OF THE AUDITORS FOR THE FISCAL YEAR, JANUARY 1, TO DECEMBER 1, 1940 


a Philadelphia, January 9, 1941. 
Mr. C. L. WARWICK, Secretary-Treasurer 


AMERICAN SOCIETY FOR TESTING MATERIALS 
posi- Philadelphia, Pa. 
f the 


relow Dear Sir: 

o the We have examined the books and accounts of your Society for the year ended December 
31, 1940. We did not make a detailed audit of all transactions, but made extensive test 
checks to determine the accuracy of your records. 


sith We have prepared and submit herewith Balance Sheet as of December 31, 1940, State- 
-ainter ment of Cash Receipts and Disbursements for the year ended that date and other sup- 
Vilson § porting schedules, all of which are in agreement with the records of your Society. In our 


opinion, these statements present fairly the financial position of the Society at December 31, 


_ also 1940, and the results of its operations for the year then ended. 
R.E. The investments owned by the Society as detailed were examined by us. All income 
y and from investments was properly accounted for. 


Respectfully submitted, 
(Signed) Joun Hetns & Co. 


Certified Public Accountants ; 
elect- 
mmit- 
e By- 
mitten BALANCE SHEET AS OF DECEMBER 31, 1940 vy 
pst (Including Special and Designated Funds) 
icto- 
cutive General Funds: 
yppor- Less checks drawn as of December 31, 1940—Cost 
of the of Proceedings ($11 760) and 1940 Supplement ‘ 
; to Book of Standards ($11 266.51) in hands of 7 
ninat- Secretary-Treasurer that date................. 23 026.51 7 
their $9 608.61 
1 year. Investments (Market Value, $62 141. 72 568.95 
singly Accounts Receivable. ..... 
of the $102 128.37 
meet- 
ty for Special and Designated Funds: | 
_- Dudley Medal and Marburg Lecture Fund................... 311.38 
12 853.88 
Investments: 
alin | A.S.T.M. Research Fund (Market Value, $22 591.25)—Cost or 
Dudley Medal ev Marburg Lecture Fund (Market Value, 
has the Committee Funds (Market Value, $6646.25)—Cost........... 6 000.00 i 
for ap- 40 025.99 4 
mittee. Total Special and Designated Funds. $52 879.87 
esigned 
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General Funds: 
Current: Accounts Payable: 
Committee A-1..... 


$3 380.25 
Life Membership Fund 
Headquarters Fund 
Publication Fund 
7 890.25 
1 050.00 


79.11 
81 144.08 
98 748.12 


Special and Designated Funds: 
Dudley Medal and Marburg Lecture Fund 6 936.38 — 
Committee Funds 16 057.85 
Total Special and Designated Funds 52 879.87 
Total Liabilities and Funds $155 008.24 


CoMPARISON OF GENERAL FuNDS FOR FiscaL YEARS 1936-1940, INCLUSIVE 


Assets Liabilities 


At Close of Fiscal — 
Payable Reserve for Miscel- 

i Ok aneous urplus 
and Mis-| standards | Funds 


Accounts 
Furniture 

Receivable 

Investments end Mis- and 


cellaneous | Fixtures |cetjaneous 


$29 767.23 | $16 088.91 | $6 915.95 | $2 624.62 $7 061.76 | $50 029.53 

. 7 029.87 | 2 140.86 . 9061.76 | 58 619.60 
6912.96 | 2 283.88 . 8 898.99 | 57 332.84 
6 467.27 | $777.01 9 685.40 | 58 117.14 
6 561.93 | 3 380.25 ; 9713.79 | 81 144.08 


— 


VOM 


ANNUAL REPORT OF THE EXECUTIVE COMMITTEE 
t 
= Cas 
Committee C-1... 109.79 On 
Advance Collections 267 .92 
Retirement Fund Reserve... 
= 
9 329 
9608.61 
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RECEIPTS AND DISBURSEMENTS 
For THE PERIOD ENDED DECEMBER 31, 1940 
Cash balance, January 1, 1940 $9 329.65 


RECEIPTS 
Operating Receipts (Budgeted): 
Dues and Entrance Fees: es 


Current Dues ‘ $85 951.78 
Past Dues 843.25 


Advance Dues 1 903.50 
Income, Life Membership Fund 150.00 
Entrance Fees 3 080.00 


Total Dues $91 928.53 


Sale of Publications: 
Separate Standards 9 218.97 

Book of Standards (Members, addl. parts) 5 698.03 

1939 Book of Standards 36 492.56 

1940 Supplements to Book of Standards 1 686.10 

Methods of Chemical Analysis of Metals 1 212.18 

Proceedings 3 346.23 

Selected Standards for Students in Engineering 1 346.10 

79.87 Bulletin Subscriptions (Non-Members) 332.35 
WO8 24 Special Reprints and Miscellaneous 22 306.13 


Total Sale of Publications $81 638.65 


Miscellaneous: 
Binding (Members) 
Advertising, Bulletin 
Advertising, Index 
Interest and Dividends 
Registration and Other Fees, Annual Meeting......... 
Committee A-1 for Technical Assistant 
Miscellaneous 


$15 311.96 
Total Operating Receipts (Budgeted) $188 879.14 


Nonoperating Receipts (Not Budgeted): 
Investments, Matured or Sold $6 584.56 
Accrued Interest a7 36 
Creep Data Volume 
Symposium on Effect of Temperature 
Committee C-1 for Technical Assistant 
Executive Retirement Reserve 
Retirement Fund Reserve 


Total Nonoperating Receipts 
Total Receipts $198 117.38 


Carried Forward $207 447.03 
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Brought forward $207 447 .03 
Operating Disbursements (Budgeted): 

Publications: 
Year Book 
1940 Supplements to Book of Standards 
Methods of Chemical Analysis of Metals.............. 
Proceedings 
Preprints 
Regional Meeting Papers 989.10 
ASTM Bulletin 7 629.23 
Circulars to Members 1 312.48 
Separate Standards... . 4 399.56 
Index to Standards and Tentative Standards 2 838.30 
Reprints (Reports, Papers, Symposiums, etc.)......... 9 195.96 


Miscellaneous Printing (Authors’ Reprints, etc.)....... 611.46 
Resetting Standards (Double Column) 


Total Disbursements, Publications 

Salaries 
General Office Expenses. ...... 
Expenses, Standing and Distric 
Expenses, Meetings and A.S.T.M. Exhibit 
Traveling Expenses, Administrative and Special Committees 2 026.27 | 
American Standards Assn. and Sectional Committees 1 000.00 
Rent, Headquarters 6 207 .06 © 
Furniture and Fixtures 1 032.08 | 
Principal, A.S.T.M. Research Fund (one-half current year’s entrance 

1 500.00 
Employees R 1 259.30 
Miscellaneous (Dues, Contributions, 323.15 


Total Operating Disbursements (Budgeted) $158 623.39 


_ Nonoperating Disbursements (Not Budgeted): 
Investments 
Accrued Interest 
Refund of Excess Remittances 
Purchase of Retirement Income...................... 
Book of Standards (Reserve) 


Creep Data Volume 323. 
Technical Assistant, Committee C-1 : 


Total Nonoperating Disbursements 39 215.03 


Total Disbursements $197 838.42 


Cash Balance, December 31, 1940 $9 608.61 


* This amount includes $11,266.51 covering checks drawn against cost of 1940 Supplement to Book of Standards but 
not actually paid on December 31, 1940. _ 

ha gy includes $11,760.00 covering checks drawn against cost of Proceedings, but not actually paid on De 
cember 31, 4 
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In addition to the general funds of the Society, the Secretary-Treasurer has on hand the follow- 


ing funds as of December 31, 1940: 
A.S.T.M. RESEARCH FUND 


Uninvested 
Principal Account: Total Invested Cash 
vi $24 282.68 $22 890.86 $1 391.82 
Receipts—Securities matured.................. —991 .53 +1 000.00 
Profit on Securities matured.......... +8 .47 
Contribution — A.S.T.M. Current 
+1 500.00 +1 500.00 
Contribution (securities) — A.S.T.M. 
Past Entrance Fees...............- +3 000.00 +3 000.00 
$28 791.15 $24 899 . 33 $3 891.82 
Disbursements—Purchase of securities.......... 7 +2 501.66 — 2501.66 
$28 791.15 $27 400.99 $1 390.16 
Income Account: 
Receipts—Interest and Dividends............... 993.76 $1 744.49 © 
Disbursements: 
Experiments on Determination of Water 
Vapor in Gaseous Fuels (Committee D-3). . 200.00 7 
Study of Weldability of Carbon Steel (Engi- 7 
neering Foundation).................... 200.00 
Research Committee, Fatigue of Metals..... 250.00_ 650.00 
Cash Balance, 31, $1 094.49 
DupDLEY MEDAL AND MaArBuRG LECTURE FuND 
Balance, January 1, 1940: 
Principal—Investments (at Cost)............... $6 625.00 


Engrossing 1940 Lecture 5.2: 
Balance, December 31, 1940: 
Principal—Investments (at 6 625,00 
Income—Cash 1 


Committee A-5 on Corrosion of Iron and Steel........................- 2 902.35 
Committee A-5 Subcommittee X on Embrittlement Investigation........ 141.14 
Committee B-3 on Corrosion of Non-Ferrous Metals and Alloys.......... 3 137.04 
Committee B-6 on Die-Cast Metals and Alloys........................- 138.42 
Committee C-1, Studies of Additions to Cement....................... 22.95 
Committee C-1, Cement Reference Laboratory........................- 1 012.74 
Committee C-9 on Concrete and Concrete Aggregates................... 189.52 
Committee C-9, Sanford E. Thompson Medal Fund.................... 498 .75 
Committee C-15 on Manufactured Masonry Units...................... 319.36 
Committee C-18 on Natural Building Stones........................... 174.56 
Committee D-1 on Paint, Varnish, Lacquer and Related Products....... 111.84 
Committee D-2 on Petroleum Products and Lubricants.................. 87.27 

ommittee D-13, Testing Textile Finishes............................. 3 584.53 

‘S.A. Sectional Committee on Specifications for Cast-Iron Pipe and 


Research Committee on Fatigue 262.08 
Total Committee Funds. 
Accounted for as Follows: 


Cash Balance, December 31, 1940...........0...00cceeceeeeeecees $10 057.85 
Investments—at Cost 


7 209.63 
$6 936.38 


$16 057.85 


Interest and Dividends 
| | 
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INVESTMENTS, DECEMBER 31, 1940 


GENERAL FUNDS 


Number 
Shares 
or Par Market 
Value Bonds Book Value Value*® 


$3000 Armour & Co. of Del., First Mortgage, 20-yr. Sinking Fund, 


Series C, 4’s, due 1957. $2 955.00 $3 183.75 

9000 Balto. & Ohio R. R. , Refunding & General Mortgage 5’s, Series 
2000 Columbia Gas & Electric Co. . Debentures, 5 S, due 1961........ 2 025.34 2 110.00 
500 Florida Power & Light Co., First Mortgage, 5’s, due 1954.... 491.25 531.25 
3000 Michigan Consolidated Gas Co., First Mortgage, 4’s, due 1963. 2 925.00 3 187.50 

2000 North Station Industrial Bldg. Inc., First Mortgage Sinking 

4000 N.Y. , Chicago & St. Louis R. R. , Refunding Mortgage, Series 
, 44’s, due 1978....... 2 805.61 2 375.0 

3000 W heeling Steel Corp., First Mortgage Sinking Fund, ‘Series 


$25 203.75 $19 452.50 


Stock 
7 shares American Cyanamid Co., 5 per cent Cumulative Con- 
50 shares American Cyanamid Co., Class B common............ 1 764.25 1 887.50 
100 shares American Radiator & Std. Sanitary Corp., common... . 1 564.32 675.00 
25 shares American Tobacco Co., common..................... 2 110.12 1 743.75 
100 shares Atlantic Refining Co., common, par value $25......... 2 302.50 2 375.0 
30 shares Alvin Progressive Federal Savings & Loan Assn.’ ...... 3 000.00 3 000.00 
30 shares Collingdale Federal Savings & Loan Assn.’............ 3 000.00 3 000.00 
25 shares Colgate-Palmolive-Peet €o., $4.25 Preferred........... 2 525.00 2 556.25 
50 shares Gen. Elec. Co. common, no par value................. 2 006.25 1 656.23 
50 shares General Telephone Corp., $2.50 Preferred*............ 2 675.00 2 650.00 
50 shares Great Northern Ry., $6 Preferred, par $100........-.- 1 774.83 1 300.00 
25 shares Hazel Atlas Glass Co..........................-.. 0. 2 510.64 2 296.88 
100 shares S. S. Kresge Co., common TIPE bos ys 2 490.18 2 512.50 
100 shares Mathieson Alkali Works, common, no ) par value ....... 3 016.00 2 750.0 
100 shares Public Service Corp. 4 129.50 2 937.50 
25 shares Sears, Roebuck & Co., capital........................ 1 760.71 1 953.13 
200 shares United Gas Improvement Co., common............... 2 578.00 1 975.00 
50 shares U. 5S. Gypsum. 3 819.27 3 300.00 
$47 365.20 688.74 
$72 568.95 $62 141.24 
A.S.T.M. RESEARCH FUND 
Bonds 


$2000 First Real Estate, 1315-1317 Spruce St., 


1000 Allis Chalmers Mfg. Co. , Convertible Debentures, 4’s, due 1952. 1 035.28 1 065.00 
1500 Balto. & Ohio R. R., General & Refunding, 5’s, Series F’, due 
2000 Columbia Gas & Electric Co. * , Debentures, 5’s, due 1961 ae 2 025.31 2 110.00 
1500 Florida Power & Light Co., First Mortgage, 5's, due 1954 1 473.75 1 593.75 


3000 North Station Industrial Bldg. Inc., First Mortgage Sinking 
2 812.50 2 310.00 

2000 N. Y. , Chicago & St. Louis, Refunding & Mortgage, Series "ad 

3000 Republic Steel Corp., General Mortgage, Series B, 4}’s, due 
$15 258.35 $12 556.25 
® Market values were taken from The Philadelphia Inquirer with the senpiien of certain quotations on inactive or un- 


q listed securities indicated by an asterisk (*). These values were obtained from brokers as of December 31, 1940. 
» In the absence of a quoted market value these securities are included at their cost which is equal to their face value. 
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Stock 


12 shares Consolidated Edison Co. of N. Y., $5 Preferred........ 
29 shares Consumers Power Co., $4.50 Preferred, no par value .. . 
98 shares General Motors Corp., common, par $10°............. 
100 shares United Gas Improvement Co., common............... 
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DUDLEY MEDAL AND MARBURG LECTURE FUND 
$500 Balto. & Ohio R. R., Refunding & General Mortgage, Series C, 


6’s, due 1995 


6000 Balto. & Ohio R. R., Refunding & General Mortgage, Series A, 


5’s, due 1995 


COMMITTEE FUNDS 
$5000 U.S. Treasury Bonds, 


2s, due 1947-1945.................. 
1000 U. S. Treasury Bonds, 23’s, due 1960-1955.................. 


1 234.39 1 284.00 

2 914.50 3 059.50 

6 504.75 4 704.00 

_ 1 489.00 987 .50 

$12 142.64 $10 035.00 

$27 400.99 $22 591.25 

550.00 210.00 
$6 625.00 $2 430.00 

5 000.00 5 531.25 

1 000.00 1 115.00 


$6 000.00 
$112 594.94 


$6 646.25 
$93 808.74 


¢ The income from these shares is by agreement paid to an annuitant. ea 


to ensure secrecy as to individual author- 
ship. A committee of tellers appointed by 
the President shall canvass the recom- 
mendations which have been received by 
the Secretary-Treasurer prior to October 
|January] 1, and shall transmit the returns 
to the Secretary-Treasurer in time for 
presentation to the Executive Committee 
at its October [January] quarterly meeting 
.... (No change in remainder of section.) 


Engineering Relations Between the Ameri- 
can Republics: 


The nations of the Americas are being 
drawn more closely together by the force 
of world events. In our own country, 
through the State Department and the 
recently organized Office for Coordina- 
tion of Commercial and Cultural Rela- 
tions between the American Republics 
(the latter established as a defense 
agency), much is being done as recorded 
in the press to promote better mutual 
understanding of the business, industries, 
and cultures of the American nations and 
the importance of these things to the 
broad problems of economic integration 
and defense of the Western Hemisphere. 
It has appeared to the Executive Com- 
mittee that an important part of this 
movement should be the cultivation of 
closer relationship in scientific and tech- 
nical matters among the American re- 


publics. In our own field of engineering 
materials, such relationships are limited 
to approximately 78 memberships in 
A.S.T.M. on the part-of governmental 
departments, companies and a few indi- 
viduals from the Latin-American coun- 
tries, to the exchange of publications 
with several of the scientific bodies of 
those countries, and to the exchange of 
standards and other data with the Argen- 
tine Institute of Standardization of 
Materials and, recently, with the similar 
body being organized in Brazil. Neither 
the International Association for Testing 
Materials nor the International Stand- 
ards Association provides a satisfactory 
channel, even in normal times, for col- 
laboration with the Latin-American 
countries in matters dealing with specifi- 
cations and tests for materials. The 
Society has accordingly recommended to 
the State Department, the O.C.C.C.R. 
and the Pan-American Union, that con- 
sideration be given to means of promot- 
ing interchange of information on the 
properties of materials, progress in the 
development of tests and specifications, 
and the significance of standards for 
materials in the whole economy of the 
American republics. It has been sug- 
gested that this subject be given a place 
on the program of the next Pan-Ameri- 
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Scientific Congress tentatively 
planned for Havana in 1945, and assur- 
ance has been given that the Society is 
prepared to participate in such a program 
and to sponsor suitable papers and 
reports. 

In this connection, the Secretary- 
Treasurer presented a paper on “Inter- 
American Relations in the Field of Engi- 
neering Materials” at the annual meeting 
last December of the Engineering 
Section of the American Association for 
_ the Advancement of Science, which was 
_ devoted to a general discussion of the 
economic and engineering interests of 
the Americas. 

In any consideration of Pan-American 
relationships, the barrier of differences in 
language needs to be faced Hence the 
question of translating important engi- 
gineering data into Spanish and Portu- 
guese is of special significance. With 
respect to materials standards, in the 
early 1920’s some sixty A.S.T.M. stand- 
ard specifications were translated into 
French, Spanish, and Portuguese and 
published by the Department of Com- 
merce as part of its Industrial Standards 
Series in the interest of promotion of our 
export trade. Interest in such transla- 
tions is now reviving; the American Re- 
fractories Institute has translated and 
published, with the Society’s collabora- 
tion, 3000 copies of a Spanish edition of 
13 A.S.T.M. standards for refractories, 
and there is evidence of interest on the part 
of the steel industry in similar transla- 
tions of a large group of A.S.T.M. speci- 
fications for steel and steel products. 
Further evidence of the need for such 
translations is seen in the request of the 
Portland Cement Institute of Argentina 
for permission to publish a Spanish edi- 
tion of the Report of the Joint Commit- 
tee on Concrete and Reinforced Con- 
crete, which has of course been granted, 
and the publication in Spanish of 
A.S.T.M. standards relating to petro- 


leum products by the Argentine Govern- 
ment Oil Fields. 

It will be the policy of the Society to 
encourage translations of A.S.T.M. 
standards, as well as reports and papers 
where desired, and to collaborate with 
any groups interested in the publication 
and distribution of foreign language edi- 
tions of such material. The technical 
and economic significance of such work, 
especially at the present time, is self- 
evident. 


Cooperative Activities: 


The Society’s activities have always of 
necessity involved cooperative relations 
with many other organizations, which 
relations proceed along well-established 
lines. News items in the ASTM Bwt- 
LETIN have told of various activities in 
this direction and these need not be 
repeated. Several happenings during 
the year, however, merit specific men- 
tion here. 

The Society’s contacts with the Ameri- 
can Standards Association constitute 
one of its most important cooperative 
activities. The submission of new and 
revised standards to A.S.A. for approval 
as American Standard has continued 
during the year and reference should be 
made to the annual report of Committee 
E-10 on Standards for a detailed state- 
ment. A subject that has been under 
consideration is that of a recommended 
practice for public approval and certifica- 
tion procedures. The Executive Com- 
mittee has commented upon a draft of a 
proposed recommended practice; and 
recognizing that there is a growing de- 
mand for certification for ultimate con- 
sumer goods the Executive Committee 
has appointed a small subcommittee to 
study this question of certification and 
the problems involved therein as an aid 
in the formulation of Society policy. As 
somewhat related to this subject it 
significant that the Society was invited 
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by the American Standards Association 


to be represented on the Advisory Com- 
mittee on Ultimate Consumer Goods, 
which functions as the general corre- 
lating agency in this field under the 
auspices of A.S.A. Vice-President H. J. 
Ball was named as the Society’s repre- 
sentative with the Assistant Secretary 
as alternate. 

The Society has also accepted an invi- 
tation to be represented on the A.S.A. 
Sectional Committee on Classification of 
Materials for Tools, Fixtures and Gages 
under the sponsorship of the American 
Society of Tool Engineers. The ap- 
pointment of two representatives is 
pending. 


Upon nomination of the Society, , 


Jerome Strauss, Vice-President, Vana- 
dium Corporation of America, and a 
member of the Society’s Executive Com- 
mittee, was elected to membership on 
the Board of Directors of the American 
Standards Association for the term of 
three years ending December, 1943. F. 
M. Farmer, a Past-President of the So- 
ciety, was reappointed for a term of 
three years, ending December, 1943, as 
one of the Society’s representatives on 
the Standards Council. Past-President 
H. H. Morgan has been reappointed as 
the Society’s representative on the Me- 
chanical Standards Committee. 

During the year the Society joined 
with the American Concrete Institute 
and Highway Research Board of the 
National Research Council in establish- 
ing a joint research project to study the 
durability of portland-cement concrete. 
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A thorough study of the subject, origi- 
nating with proposals at the 1939 annual 
meeting of the Society, established the 
need of basic research on the fundamen- 
tal factors that affect the durability of 
concrete. A full account of the organi- 
zation of the administrative and tech- 
nical committees in charge of this work 
appeared in the ASTM BvuLtetin for 
January 1941. A. T. Goldbeck and the 
Secretary-Treasurer represent the So- 
ciety on the Administrative Committee. 

The Joint Committee on Definitions of 
Terms Relating to Heat Treatment 
sponsored by the Society of Automotive 
Engineers, the American Society for 
Metals and this Society has been recon- 
stituted in view of the need for further 
consideration of the subject in the light 
of new developments in the art and the 
need for effective correlation of the in- 
terest and activities of the three societies 
in this field. Messrs. T. S. Fuller, L. H. 
Fry, and H. S. Rawdon have been named 
as the Society’s representatives on the 
Joint Committee, with Mr. Fuller serv- 
ing as chairman of the A.S.T.M. group. 


Respectfully submitted on behalf of 
the Executive Committee, 


Wo. M. Barr, 
President. 


C. L. WARWICK, 
Secretary-Treasurer. 


= 


June, 1941. 
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Among the important recommenda- 
tions submitted in this report are six 
proposed new tentative specifications 
covering materials of widespread im- 
portance including low-alloy structural 
steel, ring and disk forgings, heat- 
treated wrought steel wheels, sheets in 
two size classifications and of utmost 
importance because they are basic in 
the forging specifications group are the 
proposed new requirements for blooms, 
billets, and slabs. New specifications 
have also been completed for immediate 
adoption as standard covering hot- 
worked high-carbon steel tie plates. 

Three series of meetings have been 
held during the year: the first in Atlantic 
City, N. J., on June 24 and 25, 1940; 
the second in Philadelphia, Pa., on Janu- 
ary 13 and 14, 1941; and the third in 
Washington, D. C., on March 3 and 4, 
1941. (Quite a number of meetings of 
various sections of subcommittees, par- 
ticularly Subcommittee VI on Steel 
Forgings and Billets, have been held 
resulting in a total during the year of 
more than 40. Despite increased pres- 
sure on the time of members because of 
industrial activities, there has been no 
diminution in the intensity of Commit- 
tee A-1 work. It has continued to re- 
ceive the very close cooperation of a 
large number of its members. 

Since the 1940 annual meeting, 12 new 
members have been elected and 6 resig- 
nations accepted, the committee mem- 
bership now totaling 231, of whom 120 
are classified as nonproducers and 111 as 
producers; of the former, 92 are con- 
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sumers and 28 are general interest mem- 
bers. The committee is the second largest 
Society committee group and_ includes 
in its membership not only a large 
number of members who for a great 
many years have been associated in 
their daily business with the develop- 
ment and use of purchase specifications, 
but also an active group of younger 
men who are intimately concerned 
particularly with many of the newer 
problems in the production and use of 
steel. 

Two New Subcommittees. During the 
year two new subcommittees were or- 
ganized, one on heat treatment of steel 
designated as Subcommittee XXIV, the 
other on welding of steel designated Sub- 
committee XXV. Lawford H. Fry, 
Railway Engineer, Edgewater Steel Co., 
accepted the chairmanship of subcom- 
mittee XXIV and Norman L. Mochel, 
Manager, Metallurgical Engineering, 
Westinghouse Electric and Manufac- 
turing Co., is the chairman of the sub- 
committee on welding. 

The subcommittee on heat treatment 
was organized because of the intensified 
interest in coordinating various defini- 
tions of heat treatment and also the poss 
bility that heat treatment terms as used 
in various groups of steel specifications 
may need to be further standardized. 
Pending deliberations of the Joint Com 
mittee on Definitions of Terms Relating 
to Heat Treatment composed of repre 
sentatives from the American Society fot 
Metals, Society of Automotive Eng 
neers, American Foundrymen’s Associ 
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tion, and the A.S.T.M., the subcom- 
mittee is not making any specific 
recommendations with respect to defini- 
tions. In addition to Mr. Fry, Messrs. 
T. S. Fuller and H. S. Rawdon are 
representing the Society on the joint 
committee. 

The subcommittee on welding of steel 
is organized not as a specification-writ- 
ing group but as a fact-finding and co- 
ordinating committee and includes in 
its restricted personnel representatives 
of other A-1 subcommittees concerned 
particularly with the problem of weld- 
ability and methods of determining this 
property of steel, as well as other lead- 
ing experts on welding. With the or- 
ganization of this subcommittee the title 
of Subcommittee XXI which formerly 
read “Steel for Welding” was changed to 
conform to its new scope and is entitled 
“Steel Welding Electrodes and Welding 
Rods.” It is now headed by J. H. 
Deppeler, Chief Engineer, Metal and 
Thermit Corp. 

Subcommittee XIIT on Methods of 
Physical Tests.--In order that there may 
be a clearer understanding of the ac- 
tivities of Subcommittee XIII on Meth- 
ods of Physical Tests headed by L. H. 
Fry, it is deemed advisable to include in 
this report a statement that the sub- 
committee is not a standardizing group 
concerned with the development of speci- 
fication requirements and standardized 
procedures for conducting tests; rather 
it is a fact finding and advisory body 
organized for the purposes of bringing to 
members of Committee A-1 and _par- 
ticularly subcommittees concerned, per- 
tinent data on test methods, such as 
efiect of speed of testing and others. 
Consequently, the personnel of the sub- 
committee is aimed to cover broadly 
the various A-1 subcommittee group 
interests. 

Losses by Death.During the year 
Committee A-1 has lost by death five 
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members: Messrs. E. L. Lasier, U. S. 
Maritime Commission; J. J. Maher, 
Page Steel and Wire Division, American 
Chain and Cable Co., Inc.; C. A. Mc- 
Cune, Welding Engineering and Re- 
search Corp.; Robert Fairis, The 
Pennsylvania Railroad; and Paul E. 
McKinney, Bethlehem Steel Co., Inc. 
The committee records its sincere appre- 
ciation of their generous services. Of 
these five men, Mr. McKinney had been 
extremely active in committee work > 
over a long period of time and because “4 
his outstanding services to the com- 
mittee the following resolution has been 
adopted: 


RESOLUTION ON THE DEATH OF 
Paut E. McKINNEY 


1885-1941 


In the death on February 18, 1941, of Paul E. 
McKinney, Metallurgical Engineer, Bethlehem 
Steel Co., Inc., Committee A-1 on Steel loses one 
of its most active members; one who contributed 
much to the advancement of its development of 
purchase specifications for steel products. With 
a broad experience with specialized products for 
Naval armament as Superintendent of the Forge 
and Foundry Divisions of the U. S. Naval Gun 
Factory for many years, coupled with his inti- 
mate knowledge of the production of forgings, 
castings, and bolting material for applications 
at both normal and elevated temperatures, he 
brought to the Steel Committee an invaluable 
background, essential in the development of 
specifications. 

A member of Committee A-1 since 1924 he 
rendered notable services on three of its sub- 
committees, namely, Subcommittees VI on Steel 
Forgings and Billets, VIII on Steel Castings, and 
XXII on Valves, Fittings, Piping and Flanges 
for High-Temperature Service. 

A list of specific activities in which his co- 
operation was extremely helpful would indeed be 
extensive. When in 1933 fundamental changes 
were established in methods of specifying cast- 
ings, his services were invaluable. When re- 
quirements for certain materials for use at 
extremely elevated temperatures were needed, 
again he assisted greatly in achieving the desired 
ends. Only last year when important coordina- 
tion took place in standards for steel forgings, [ 
he headed an important section covering one | , 


phase of this work. 
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Mr. McKinney’s participation in the work of 
Committee A-1 on Steel was marked by three 
outstanding characteristics. First, boundless 
energy—he worked hard and played hard. Too, 
his tenacity of purpose was always evident and 
whether one agreed or disagreed with him, there 
had to be admiration for his constant striving 
for the goal he believed right. And withall, no 
one could question his intense loyalty to Com- 
mittee A-1 and its parent Society in the many 
activities with which he was intimately con- 
cerned. 

Mr. McKinney’s death is a severe loss to 
Committee A-1 and those groups with which he 
worked so closely. His many friends and asso- 
ciates on the committee will miss his pleasant 
personality and friendly spirit. 

In meeting assembled, Committee A-1 on 
Steel pays homage to him as an outstanding 
metallurgical engineer and committee member 
and now records its appreciation for his ex- 
tensive and long-time services in its behalf. 


RECOMMENDATIONS AFFECTING STAND- 

ARDS AND TENTATIVE STANDARDS 

As a result of work completed during 
the year, the committee is recommend- 
ing for publication as tentative six pro- 
posed new specifications; a proposed new 
standard for immediate adoption; the 
adoption as standard of eight tentative 
standards; and the adoption of revisions 
in four standards. Also submitted are 
revisions in six tentative specifications 
and tentative revisions of eleven stand- 
ard specifications. 

The proposed new tentative standards 
and all revisions not previously published 
are given in detail in the Appendix, and 
where deemed advisable explanations of 
the recommended actions are given in the 
report, under Activities of Subcom- 
mittees. Table I lists all these recom- 
mendations and gives the results of the 
submission of the items to letter ballot 
of the 231 committee members. 


ACTIVITIES OF SUBCOMMITTEES 


Certain features of the — 
work are discussed below, grouped i 
the order of the respective iene. 
tees responsible. 
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Subcommittee I on Steel Rails ond Ac- 
cessories (E. F. Kenney, chairman).— 
Because various purchasers, including 
some foreign organizations, in ordering 
hot-worked high-carbon steel tie plates 
have used A.S.T.M. standards and other 
specifications which were not applicable 
to this particular material, and since 
the American Railway Engineering As- 
sociation has specifications which are 
directly applicable, the subcommittee 
felt it desirable to recommend the im- 
mediate adoption as standard of the 
proposed specifications, appended 
hereto.! Essentially these follow the 
A.R.E.A. requirements and were re- 
drafted in line with the A.S.T.M. edi- 
torial style. 

Subcommittee II on Structural Steel for 
Bridges, Buildings, and Rolling Stock (F. 
H. Frankland, chairman).—-The Stand- 
ard Specifications for High-Strength 
Structural Rivet Steel (A 195 — 39 T) 
having been rather widely applied with 
no major criticisms resulting, the sub- 
committee feels justified in recommend- 
ing their adoption as standard. 

While the first of the so-called low 
alloy high tensile strength structural 
steels was introduced over ten years ago, 
the very rapid inctease in the number of 
these steels with numerous brand names 
did not come about until about 1935 and 
the ensuing few years. With a some 
what confused situation with respect to 
merits of the materials, Committee A-l 
and, in turn, its Subcommittee II were 
asked to attempt the important task of 
standardizing requirements. These 
steels are characterized by a somewhat 
higher tensile strength and in particular 
by a definitely higher yield point than 
the ordinary structural carbon steels. 
This matter was further complicated by 
the desirability of covering in some way 
the weldability of the materials. With 

1 These specifications were adopted as standard by the 


Society and appear in the 1941 Supplement to Book 0! 
A.S.T.M. Standards, Part I, p. 4. 
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the close cooperation of the members Goodrich, American Bridge Co., de- 
who recognized the necessity for clarify- veloped proposed specifications and the 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Items 


I. New TENTATIVE 
Spec. for Low-Alloy Steel 
Spec. for Carbon-Steel and Alloy-Steel Ring and Disk Forgings... ; 
Spec. for Carbon-Steel and Alloy-Steel Blooms, Billets, and Slabs for 
Spec. for Heat-Treated Wrought Steel W heels. 
Spec. for Light Gage Structural gm! Flat Hot Rolled Carbon Steel 
0.2499 and 0.1874 in. to 0.0478 in. Inclusive, in Thickness..... 
Spec. for Light Gage Structural Quality Flat Rolled Carbon Steel 0.0477 in. 
to 0.0225 in. Inclusive, in Thickness. ... 


If. New STANDARD 
Spec. for Hot-Worked High-Carbon Steel Tie Plates 


IIf. REvIsIOoNs Or TENTATIVE STANDARDS 


Spec. for Alloy-Steel Forgings for Locomotives and Cars (A 238 - 40 T) 
Spec. for Seamless Carbon-Molybdenum Alloy-Steel Boiler and Super- | 
heater Tubes (A 209 ~ 40 T) 

Sase. for Seamless Carbon-Molybdenum Alloy Steel Pipe for Service at 

eratures from 750 to 1000 F. (A 206 - 40 T) 
bag Seamless Alloy-Steel Pipe for Service at Temperatures from 750 

Spec. for Carbon-Steel C astings Suitable for Fusion n Welding for Service at 
Temperatures up to 850 F. (A 216 - 40 T) 

Spec. for Alloy-Steel Castings Suitable for Fusion Welding for Service at 
Temperatures from 750 to 1100 F. (A 217 - 40 T) 


IV. REVISIONS OF STANDARDS, IMMEDIATE ADOPTION 

Spec. for Wrought Steel Wheels for Electric Railway Service (A 25 — 36)... 

Spec. for Lap-Welded and Seamless Steel Pipe for High-Temperature Serv- 
ice (A 106 - 40; ASA B 36.3-1940)...... 

Spec. for Carbon-Steel Castings for Valves, Flanges, and Fittings for High- 
Temperature Service (A 95 - 40; ASA G17.1~ 1940) 

Spec. for Alloy-Steel Castings for Valves, F —, and seme for Service 
at Temperatures from 750 to 1100 F. (A 157 - 40) 


V. TENTATIVE REVISIONS OF STANDARDS 

Spec. for Steel for Bridges and Buildings (A 7 - 39; ASA G 24-1939)... 

Spec. for Carbon-Steel and Alloy-Steel Blooms, Billets, and Slabs for 
Forgings (A 17 — 29); ASA G9.1-—1933) 

. for Lap-Welded and Seamless Stee] a Lap-Welded Iron Boiler Tubes 

83 - 40) 

Spec. for Electric-Fusion Welded Steel Pipe (Sizes 30 in. and Over) (A 134 
39; ASA B36.4-1939) 

Spec. for Electric-Resistance Welded Steel Pipe (A 135 ~ 34; ASA B36.5 
935) 

Spec. for Electric-Fusion-Welded Steel Pipe (Sizes 8 in. to but not Includ 
ing 30 in.) (A 139 — 39; ASA B36.9-1939) 

- for Forged or Rolled Steel Pipe Flanges for General Service (A 181 


Spec. for Welded and Seamless Steel Pipe (A 53 - 40; ASA B 36.1-1940) 

Spec. for Black and Hot Dipped Zinc-Coated (Galv anized) W tlded and | | 
Seamless Steel Pipe for Ordinary Uses (A 120 - 40) 

Spec. for Seamless Cold-Drawn Alloy-Steel (4 to 6 per cent Chromium) | 
Heat-Exchanger and Condenser Tubes (A 187 - 40).. : 

Spec. for Seamless Alloy-Steel Boiler and Superheater Tubes (A 213 40). 


VI. Apoption or TENTATIVE STANDARDS AS STANDARD 
Spec. for High-Strength Structural Rivet Steel (A 195 - 39 T). 
Spec. for Hard-Drawn Steel Spring Wire (A 227 - 39 T).. 
Spec. for Steel Music Spring Vie (A 228 - 39 T) 
Spec. for Oil-Tempered Steel Spring Wire (A 229 - 39 T) 
Spec. for Carbon-Steel Valve Spring Quality Wire (A 230 - 39 T) 


Spec. for Chromium-Vanadium Steel Spring Wire (A 231 - 39 T) 


Cc Steel Valve Wire (A 232 - 


Ballots 
Affirmative Negative Marked ‘‘Not 
Voting” 
82 2 72 
65 1 90 
84 3 69 
84 3 69 
79 0 77 
80 0 76 
eer 82 0 56 
76 0 62 
86 0 52 
86 0 52 
62 1 93 
78 1 58 
86 0 52 
86 0 52 
88 1 67 
78 1 59 
75 2 79 
78 0 60 
77 0 61 
80 0 58 
69 0 87 
86 2 68 
77 2 77 
7: 0 83 
77 0 61 
100 0 56 
77 0 79 
75 0 81 
75 0 81 
71 0 85 
72 0 84 
71 0 85 
79 0 77 


ing the situation, the section of Subcom- subcommittee agreed on the require- 
mittee IT in charge, headed by C. F. ments incorporated in the proposed 
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tentative specifications as appended 


hereto.” 


A tentative revision of the Standard 
Specifications for Steel for Bridges and 
Buildings (A 7 — 39) to provide for the 
deletion of references to eyebars came 


about because eyebars in sizes larger 


{ Billets (J. J. Laudig, chairman). 


than 6 in. are no longer manufactured. 
The present requirements on bars in the 
specifications are deemed sufficient to 
cover small size eyebars. 

Subcommittee VI on Steel Forgings and 
This 
subcommittee completed last year four 
new tentative specifications covering 
alloy and carbon steel forgings for loco- 
motives and cars and for general indus- 
trial use (A 235, A 236, A 237, and A 
238) which, with the withdrawal of cer- 


tain previous specifications clarified the 


problem of satisfactory standards for 


carbon steel and alloy forgings. It recog- 


nized the uesirability of covering in a 
separate specification carbon and alloy 


steel ring and disk forgings of general 


types manufactured. Certain ring forg- 
ings are covered in other specifications, 
notably those for materials for use at 
high temperatures, but there was no 
specification for what might be termed 
a “general” type. Consequently the 
proposed specifications appended hereto* 
as developed by a section headed by A. 
QO. Schaefer, The Midvale Co., will fill 
this need. 

One of the most difficult problems 
which has arisen in the steel committee’s 
work in recent years came about in the 
decision to cover certain additional 
classes of material not provided for in 
the Standard Specifications for Carbon- 
Steel and Alloy-Steel Blooms, Billets, 
and Slabs for Forgings (A 17 29), 
As the section in charge headed by D. R. 

2 These specifications were accepted as tentative by 
the Society and appear in the 1941 Supplement to Book of 
A.S.T.M. Standards, Part I, p. 213. 

’ These specifications were accepted as tentative by the 


Society and appear in the 1941 Supplement to Book of 
A.S.T.M. Standards, Part I, p. 238. 
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Carse, Climax Molybdenum Co., con- 
sidered the matter, it was evident that 
major revisions were in order involving a 
complete study of all types covered. 
Although there were widely divergent 
opinions.on just what types should be 
included; what the chemistry ranges 
should be, and other questions, after 
numerous meetings and much discussion 
a general agreement on the revisions was 
reached. In this work the subcommit- 
tee had the benefit of intensive studies 
carried out by technical committees of 
the American Iron and Steel Institute 
on major types of steel which were in 
widespread usage. While the subcom- 
mittee recommends that the Standard 
Specifications A 17 be retained without 
change, they will undoubtedly be super- 
seded by the new proposed tentative 
specifications appended hereto,‘ after a 
period of trial. 

Subcommittee VII on Rolled Steel 
Wheels and Steel Tires (R. W. Steiger- 
walt, chairman).—-The demand for heat- 
treated wrought steel wheels _ has 
increased to such a point that the pro- 
ducers and users of wheels believe that 
the A.S.T.M. should issue standards for 
heat-treated wheels. Subcommittee 
VII, after considering the matter, 
drafted the proposed new specifications 
appended hereto.® These are based on 
requirements of the Association of Amer- 
ican Railroads, and it is believed will 
cover adequately this type of material. 

Subcommittee VIII on Steel Castings 
(W. C. Hamilton, chairman).—Since the 
Tentative Specifications for Carbon- 
Steel Castings Suitable for Fusion Weld- 
ing for Miscellaneous Industrial Uses (A 
215 — 39 T) have been published for two 
years and have been in considerable use 
without any major criticisms, the recom- 
mendation that they be adopted as 


4 These specifications were accepted as tentative by the 
Society and appear in the 1941 Supplement to Book 0 
A.S.T.M. Standards, Part I, p. 225. 

5 These specifications were accepted as tentative by the 
Society and appear in the 1941 Supplement to Book ¢ 
A.S.T.M. Standards, Part I, p. 244. 
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standard seemed in order. With this 
action the subcommittee recommends 
the incorporation of minor revisions in- 
volving the determination of yield point. 
This corresponding change will be made 
in three of the other specifications cover- 
ing castings (A 27 — 39, A 87 - 36, and 
A 148 36) when the 1942 Book of 
AS.T.M. Standards is published. 

This subcommittee has organized a 
new section to cooperate with Govern- 
ment agencies concerned with standards 
for steel castings so that new specifica- 
tions which may be developed or revised 
standards will be as satisfactory as pos- 
sible from the standpoint of all interests 
concerned. An interesting discussion of 
this work took place at the subcom- 
mittee’s meeting in Washington. 

Subcommittee IX on Steel Tubing and 
Pipe (T. G. Stitt, chairman).—The nu- 
merous recommendations being made by 
this active group, as detailed in the Ap- 
pendix to this report, are for the most 
part self-explanatory. Generally, they 
are intended to bring the requirements in 
line with the best current industrial 
practices and in some cases to clarify 
certain inconsistencies. 

The extensive changes proposed in the 
Standard Specifications for Forged or 
Rolled Steel Pipe Flanges for General 
Service (A 181 — 37) incorporate certain 
recommendations with respect to weld- 
ing and also bring the specifications in 
line editorially with related Specifications 
for Forged or Rolled Steel Pipe Flanges, 
Forged Fittings, and Valves and Parts 
for High-Temperature Service (A 105 
40). 

The changes in Standard Specifica- 
tions for Welded and Seamless Steel 
Pipe (A 53-40) and Standard Speci- 
ications for Black and Hot-Dipped 
Zinc-Coated (Galvanized) Welded and 
Seamless Steel Pipe for Ordinary Uses 
‘A 120-40) are related primarily to 
the matter of substituting schedule 
numbers in the method of ordering pipe. 


A number of matters are being stud- 
ied by the subcommittee including modi- 
fications of elongation requirements in — 
pipe specifications which it is proposed i 
will provide physical requirements con- 
sistent with pipe wall thicknesses. 
Studies of the flattening test formula 
and coordination of these requirements 
are being made. Mr. H. R. Reding- 
ton, National Tube Co., is chairman of 
two sections responsible for these ex- 
tensive studies. 

An attempt to reach agreement on 
seamless header tube specifications re- 
sulted in definite divergence of opinion 
on the necessity of a separate specifica- 
tion; consequently, the matter has been 
tabled. 

Subcommittee XIX on Sheet Steel and 
Steel Sheets (2. F. Lundeen, chairman). 

For several years, Committee A-1 has : 
been urged by numerous interests to 
prepare standardized requirements for 
steel sheets, particularly for material 
used in structural applications such as 
tank work and the like. While the 
committee has recognized the necessity 
of such requirements, and also realized 
the confusion created by a lack of clarity 
in the provisions of the structural steel — 
specifications (A 7~ 39), which provide’ 
that flat-rolled steel in certain shapes 
and bars of small dimensions need not 
be subjected to tension tests, it has first 
been necessary for the manufacturers of 
the material to correlate considerable 
data and information as to their facilities: 
and related matters. Subcommittee 
XIX after study of information result- 
ing from the work of committees of 
manufacturers and detailed considera- 
tion of other matters including permis- 
sible variations has agreed on the two 
proposed specifications appended 
hereto. It is believed these will do 
much to clarify the present situation 
and provide a large number of users of 


6 These specifications were accepted as tentative by the 
Society and appear in the 1941 Supplement to Book of 
A.S.T.M. Standards, Part I, pp. 218 and 222. 7 
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the material with satisfactory specifica- 
tions. 

Subcommittee XXII on Valves, Fit- 
tings, Piping and Flanges for High- 


Temperature Service (A. E. White, 
chairman).-The majority of the numer- 


ous revisions recommended by this 
subcommittee effect three widely used 
specifications covering pipe, namely, 
Standard Specifications for Lap-Welded 


and Seamless Steel Pipe for High- 
Temperature Service (A 106 40), 
Standard Specifications for Seamless 


Alloy-Steel Pipe for Service at TTempera- 
tures from 750 to 1100 F. (A 158 — 40 T), 
and Tentative Specifications for Seam- 
less Carbon-Molybdenum  Alloy-Steel 
Pipe for Service at Temperatures from 
750 to 1000 F. (A 206 - 40 T). Some of 
the modifications pertain to the question 


New Tentative Specifications for: 
Atomic-Hydrogen-Arc-Welded 
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and 


of metallographic examination and grain 
size, while others are intended to clarify 
and improve the respective sections 
involved. 


This report has been submitted to 
letter ballot of the committee which con. 
sists of 231 members; 115 members 
returned their ballots, of whom 114 have 
voted affirmatively and 1 negatively. 


Respectfully submitted on behalf of 
the committee, 


N. L. Mocuet, 
Chairman. 


H. P. BIGLER, 
Secretary. 

R. J. PAINTER, 
Staff Assistant. 


Subsequent to the annual meeting, Committee A-1 presented to the Society 
through Committee E-10 on Standards the following recommendations: 


Electric-Resistance-Welded Alloy- 


Steel Boiler and Superheater Tubes (A 249 - 41 T), and 


Standards, Part I, pp. 286 and 293. 


Electric-Resistance-Welded Carbon-Molybdenum Alloy-Steel Boiler and 
Superheater Tubes (A 250 - 41 T). 
These recommendations were accepted by Committee E-10 on August 25, 
1941, and assigned the A.S.T.M. serial designations indicated above. 
tentative standards appear in the 1941 Supplement to Book of A.S.T.M. 
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APPENDIX 


PROPOSED REVISIONS IN STANDARDS FOR STEEL 


In this Appendix are given proposed 
revisions in specifications covering steel 
and steel products as referred to earlier 
in this report. These standards and 
tentative standards appear in their 
present form in either the 1939 Book of 
A.S.T.M. Standards, Part I, or the 1940 
Supplement, Part I. 


«Section 1 (a).- 


NEW STANDARD 


The proposed Standard Specifications 
for Hot-Worked High-Carbon Steel Tie 


prescribed in the accompanying Table I 
by the addition of the italicized figures: 


Tentative Specifications for Seamless 
Carbon-Molybdenum Alloy-Steel 
Boiler and Superheater Tubes 
(A 209 — 40 T): 


—Change the phrase 
“two grades” to read “three grades.” 

Section 4 (a).—In the tabulation of 
chemical requirements change the car- 


TABLE I.—TENSILE REQUIREMENTS I FOR CL ASSES B AND C ALLOY-STEEL FORGINGS. 


Size 
— Tensile Yield Point _ Elongation Reduction 
Class Solid Diameter or Thickness, in. Strength, min., psi. | 2in.,min., | of Area, min., 
min., psi. per cent per cent 
Over Not Over 

; B 5 90 000 60 000 24 48 
(Normalized and 5 9 90 000 60 000 22 44 
Tempered) 9 13 90 000 58 000 21 42 
13 20 58 000 56 000 20 40 
; C 5 95 000 72 000 23 55 
(Normalized and 5 9 95 000 70 000 22 53 
Tempered) 9 13 93 000 67 000 22 50 
13 20 91 000 65 000 21 48 


Plates, appended hereto,! are recom- 
mended for immediate adoption as 
standard and the committee accordingly 
asks for a favorable nine-tenths vote in 
order that this recommendation may be 
referred to letter ballot of the Society. 


REVISIONS OF TENTATIVE 7 
STANDARDS 
Tentative Specifications for Alloy-Steel 
Forgings for Locomotives and Cars 
(A 238-40 T): 
Table I—Change the requirements 
for classes B and C forgings to read as 


bon content of Grade T1 from “0.08 to 
0.20” per cent to read ‘0.10 to 0.20” 
per cent. 

Add chemical composition require- 
ments for a new grade designated as 
Tib, to read as follows: 


Grade Tib 
Carbon, per cent................ 0.08 to 0.14 
Manganese, per cent............. 0.30 to 0.60 
Phosphorus, max., per cent...... 0.04 
Sulfur, max., per cent........... 0.05 


0.10 to 0.50 
0.45 to 0.65 
1 These specifications were adopted as standard by the 


Society and appear in the 1941 Supplement to Book of 
AS.TM. Standards, Part I, p. 4. 


Molybdenum, per cent........... 
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Section 6 (a).Add tensile require- 
ments for a new grade designated as 
Tib, to read as follows: 


Grade Tib 
Tensile strength, min., psi.......... 53 000 
Yield point, min., psi.............. 28 000 
Elongation in 2 in., min., percent.. 30 


Section 9 (c).—For the new grade 
T1ib add requirements for Brinell hard- 
ness and Rockwell hardness numbers 
the same as for grade T1, namely, 137 
and B77, respectively. 

Section 19 (a).—Change to read as 
follows bY the addition of the italicized 
symbol: 

19. (a) The name or brand of the manu- 
facturer, the grade of material from which it is 
made (T1 or Tlaor 7 Jb), A.S.T.M. Specifications 
A 209, together with the hydrostatic test pres- 
sure in pounds per square inch, and whether hot- 
finished or cold-drawn, shall be legibly stenciled 
on each tube 1} in. in outside diameter and over, 
provided the length is not under 3 ft. 


Tentative Specifications for Seamless 
Carbon-Molybdenum Alloy-Steel Pipe 

for Service at Temperatures from 750 
to 1000 F. (A 206 — 40 T): 


Section 2 (d).—-Change to read as 
follows by the addition of the italicized 
words and the omission of those in 
brackets: 


(d) When requested by the purchaser and so 
stated in the order, the steel melting practice 
shall be such as will produce a structural grain 
size in a proof test specimen of the pipe corre- 
sponding to an A.S.T.M. grain size of from 3 to 
6 if given the following specific heat treatment: 
heating to 1700 F. and holding approximately 1 
hr. per inch of wall thickness, but in no case less 
than 1 hr. [and cooling in the furnace at a rate of 
not to exceed 50 deg. Fahr. per hour until below 
1000 F.| and cooling in still air to below 1000 F. 


Section 2 (e).—Change to read as 
follows by the addition of the italicized 
words and the omission of those in 

brackets: 


— (e) Where the steel melting practice specified 


in Paragraph (d) is required, hot-finished pipe in 
the as-finished condition in nominal sizes 3 in. 
and over made to schedules 140 and 160 shall 
{conform to the grain size requirements specified 
in Paragraph (d)| have an A.S.T.M. grain size 
of from 3 to 6. 


Section 7 (a).—Change the last line 
of the table from its present form: 
namely, 


9 and over............ 100 or fraction thereof 


to read as follows: _ 


6 and over 100 or fraction thereof 


Section 11.--Change the Note to read 
as follows by the addition of the italicized 
words and the omission of those in 
brackets: 


Nore. —-When requested by the purchaser 
and so stated in the order, pipe in sizes 14 in. in 
nominal diameter and smaller shall be tested to 
one and one-half times the specified working 
pressure {(where one and one-half times the 
specified working pressure exceeds 2800 psi.)}, 
provided the fiber stress corresponding to those 
test pressures does not exceed one half the 
minimum specified yield point of the material, 
as determined by the above formula. When 
one and one-half times the working pressure exceeds 
2800 psi. the hydrostatic lest pressure shall bea 
matter of agreement between the purchaser and 
the manufacturer. 


Section 12.—Change from its present 
form to read as follows: 


12. The manufacturer shall furnish two 
photomicrographs at 100 diameters for each 
individual size and wall thickness rolled from 
each melt taken as follows: (/) one of a speci- 
men of pipe in the as-finished condition, and 
(2) one of a proof test specimen of pipe which 
has been heated to 1700 F., held approximately 
1 hr. per in. of wall thickness, but in no case less 
than 1 hr., and normalized by cooling in still air 
until below 1000 F. When requested by the pur 
chaser and so stated in the order, the grain size 
shall conform to the requirements of Section 2 
and (e), respectively. Such photomicrographs 
shall be suitably identified as to pipe size, wal 
thickness, and melt. No photomicrographs fot 
the individual pieces purchased shall be required 
except as specified in Paragraph $7. _ 
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Section 21.—Change the first sentence 


to read as follows by the addition of the 
italicized words: 
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Tentative Specifications for Seamless 
Alloy-Steel Pipe for Service at Tem- 
peratures from 750 to 1100 F. 
(A 158-40 T): 


Each length of pipe manufactured in accord- 
ance with these specifications shall be legibly 
marked, either by stenciling, stamping, or roll- 
ing, with the manufacturer’s private identifying 
mark, with the designation A 206, and an addi- 
tional symbol S if the pipe conforms to the sup- 
plementary requirements specified in Para- 


Table I.—Change the manganese con- 
tent for grade P 5b (4 to 6 per cent 
chromium-silicon-molybdenum) from 
“0.30 max.” to read “0.50 max.” per cent. 
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graphs $1 to S7, the length, the ASA schedule 
number, the hydrostatic test pressure, and the heat 
number or manufacturer’s number by which the 
heat can be identified. 


Paragraph S5.—Change from its pres- 
ent form to read as follows: 


S5. The steel shall have a homogeneous 
structure as shown by the etching tests described 
in Paragraph S6. When requested by the 
purchaser and so stated in the order, the grain 
size of the steel shall conform to the require- 
ments of Section 2 (d) and (e), respectively. 


Paragraph S6.—Delete the second 
sentence of this paragraph: namely, 


Sections used for the flattening test described 
in Section 10 may be used for the etching test. 


Paragraph S7.Change from its pres- 
ent form to read as follows: 


$7. In addition to the photomicrographs re- 
quired in Section 12, the purchaser may specify 
that photomicrographs shall be furnished from 
each end of one or more pieces from each lot of 
pipe in the as-finished condition. ‘The purchaser 
shall state in the order the number of pipes to 
be tested from each lot. When photomicro- 
graphs are required on each piece, the photo- 
micrographs from each lot of pipe in the 
as-finished condition required in Section 12 may 
he omitted, but the proof test photomicrographs 
shall be furnished as specified in Section 12. 
When requested by the purchaser and so stated 
in the order, the grain size shall conform to the 
requirements of Section 2 (d) and (e), respec- 
tively. All photomicrographs required shall 
be properly identified as to heat number, 
size, and wall thickness of pipe from which the 
Section was taken. Photomicrographs shall be 
further identified to permit association of each 
photomicrograph with the individual piece of 
pipe it represents. 


Change the carbon content of grade 
P Sc (4 to 6 per cent chromium-molyb- 
denum stabilized with titanium or co- 
lumbium) from ‘0.10 or, as specified, 
0.15 max.,”’ to read “0.12 max.” and 
the titanium content from its present 
value of “‘4 to 6 times carbon,” to read 
“min. per cent, 4 times the actual 
carbon; max., 0.70 per cent.” Change 
the manganese content of grade P 15 
(silicon-molybdenum) from ‘0.30 max.” | 
to ‘0.30 to 0.60” per cent. 

Section 11.—Make the same change in 
this Note as recommended above in 
Section 11 of Specifications A 206 

Paragraph S6.—Make the same 
change in this paragraph as recom- 
mended above in Paragraph S6 of Spec- | 
ifications A 206-40 T. 

Section 20.—Change the first sentence | 
to read as follows by the addition of the 
italicized words and the omission of the 
word in brackets: 


40T. 


Each length of pipe manufactured in accord-— 


ance with these specifications shall be legibly 


marked, either by stenciling, stamping, or 
rolling, with the manufacturer’s private identi-_ 


fying mark, with the |symbols] designation A 158, 


composition, and an additional symbol S if the 
pipe conforms to the supplementary require- 
ments specified in Paragraphs $1 to SO. 


Tentative Specifications for Carbon- 
Steel Castings Suitable for Fusion 


the length, the hydrostatic lest pressure, the type 


Welding for Service at Temperatures - 


up to 850 F. (A 216 40 T): 


Section 1.—Delete the last two sen- 
tences in Note 2 and add the following: 
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Grade WCB is applicable to the design 
standards formulated by the Sectional Com- 
mittee on Standardization of Pipe Flanges and 
Fittings, under the procedure of the American 
Standards Association, as given in the American 
Standard for Steel Pipe Flanges and Flanged 
Fittings (ASA No.: B16e-1939). The Sectional 
Committee is now developing pressure ratings 
for the other grade of material covered in this 
specification. 

Section 16.—Delete the Note and 
add a new Paragraph (6) to read as 
follows: 

(b) Finished products shall be marked in 
accordance with the Standard Marking System 
for Valves, Fittings, Flanges, and Unions (No. 
SP-25-1936) of the Manufacturers Standardiza- 
tion Society of the Valve and Fittings Industry. 


Tentative Specifications for Alloy-Steel 
Castings Suitable for Fusion Welding 

_ for Service at Temperatures from 750 
to 1100 F. (A 217 — 40 T): 


Section 1.—Delete the second para- 
graph of Note 2 and add the following: 

Grades WC1 and WC4 are applicable to the 
design standards formulated by the Sectional 
Committee on Standardization of Pipe Flanges 
and Fittings, under the procedure of the Ameri- 
can Standards Association, as given in the 
American Standard for Steel Pipe Flanges and 
Flanged Fittings (ASA No.: B16e-—1939). The 
Sectional Committee is now developing pressure 
ratings for the other grades of materials covered 
in this specification. 

Section 17.—-Make the same change in 
this section as recommended in Section 
16 of Specifications A 216 — 40 T. 


REVISIONS OF STANDARDS, IMMEDIATE 
ADOPTION 


Standard Specifications for Wrought 
Steel Wheels for Electric Railway 
Service (A 25 — 36): 


Section 8--Change Paragraph (j) 
from its present form: namely, 


(j) Diameter of Hub. The diameter of hub 
shall not be less but may be jin. more than that 
specified. The thickness of wall of the finished 
bored hub, unless otherwise specified, shall not 
be less than 1 in. at any point for bores 6 in. or 


under in diameter, nor less than 1} in. for bores 
over 6 in. in diameter. The thickness of the 
hub wall in any wheel shall not vary more than 
§ in. at any two points equidistant from the face 
of the hub. 


to read as follows: 


(j) Diameter of Hub.—Unless otherwise speci- 
fied, the thickness of wall of finished bored hub 
shall be not less than 1 in. at any point for bores 
6 in. and under in diameter, nor less than 1} in, 
for bores over 6 in. in diameter. The outside 
diameter shall not exceed that specified by more 
than jin. The thickness of the hub wall in any 
wheel shall not vary more than 3 in. at any two 
points equidistant from the face of the hub. 


Standard Specifications for Lap-Welded 
and Seamless Steel Pipe for High- 
Temperature Service (A 106 — 40): 


Table I.—Change the manganese con- 
tent of grade H (seamless) from “0.30 
to 0.60” to read ‘0.30 to 0.90” per cent. 

Section 8.—Make the same change in 
this Note as recommended above in 
Section 11 of Specifications A 206 — 40 T. 

Section 17.—Change the first sentence 
to read as follows by the addition of the 
italicized words: 

Each length of pipe manufactured in accord- 
ance with these specifications shall be legibly 
marked, either by stenciling, stamping, or roll- 
ing, with the manufacturer’s private identifying 
mark, together with the symbols A 106-A (or B 
depending on the grade of seamless steel used, 
or no letter if lap-welded), the hydrostatic test 
pressure, and an additional S if the pipe conforms 
to the supplementary requirements specified in 
Paragraphs S1 to S6. 


Paragraph S6.—Delete the second 
sentence of this paragraph: namely, 
Sections used for the flattening tests specified 


in Section 7 (b) and (c) may be used for the 
etching test. 


Standard Specifications for Alloy-Steel 
Castings for Valves, Flanges, and Fit- 
tings for Service at Temperatures 
from 750 to 1100 F. (A 157 — 40): 


Table I.—Add a new grade C 2 
covering an 8 to 10 per cent chromium- 
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molybdenum steel with the following 
chemical requirements: 


Grade C 12 
Carbon, max., per cent.......... 0.30 
Manganese, max., per cent.......1.00 
Phosphorus, max., percent ...... 0.05 
Sulfur, max., per cent............ 0.06 
Silicon, max., per cent........... 1.00 
Chromium, per cent............. 8.00 to 10.00 
Molybdenum, per cent...........1.10to 1.50 


Table IT.—Change the minimum ten- 
sile strength requirement of grades 
C 3A and C 3B from ‘‘100,000” to read 
“9(),000” psi.; also, change the minimum 
yield point requirement of these grades 
from ‘‘65,000” to ‘60,000” psi. Add 
new physical requirements for the new 
grade C 12 to read as follows: 


Grade C 12 


Tensile strength, min., psi. ... .90 000 
Yield point, min., psi. ...... . .60 000 
Elongation in 2 in., min., per cent... 18 
Reduction of area, min., per cent. 30 


Section 17.—Delete the Note and 
add a new Paragraph (6) to read as 
follows, relettering present Paragraph 
(b) as (c): 

(6) Finished products shall be marked in 
accordance with the Standard Marking System 
for Valves, Fittings, Flanges, and Unions (No. 
SP-25-1936) of the Manufacturers Standardiza- 
tion Society of the Valve and Fittings Industry. 


Standard Specifications for Carbon- 
Steel Castings for Valves, Flanges, 


and Fittings for High-Temperature 
Service (A 95 — 40): 


Section 16.—Make the same change 
in this section as recommended in 
Section 17 of Specifications A 157 - 40. 
TENTATIVE 


REVISIONS OF STANDARDS 


Standard Specifications for Steel for 
Bridges and Buildings (A 7 — 39): 


Section 9.—In Paragraph (a) change 
the text to read as follows by the addi- 
tion of the word in italics and the omis- 
sion of those in brackets: ; 


The material, except as specified in Sections 
3 and 4 and [Paragraphs (b) and] Paragraph (d) 
of this section, shall conform to the following 
requirements as to tensile properties: 


Delete all the requirements for eyebar 
flats, unannealed, and footnote a which 
reads as follows: “These requirements 
apply when full-size tests of annealed 
eyebars are not specified. See Para- 
graph (0).” 

Delete Paragraphs (0) and (c). 

Change Paragraph (f) to read as 
follows by the omission of the words in 
brackets: 

(f) For material over ¢ in. in thickness or di- 
ameter,a deduction from the percentage of elon- 
gation in 8 in. specified in Paragraph (a) of 0.25 
per cent shall be made for each increase of #s in. 
of the specified thickness or diameter above } in. 
to a minimum of 18 per cent for plates, shapes, 


and bars [and a minimum of 14 per cent for 
eyebar flats unannealed]. 


Section 10.—In the tabulation of 
requirements for the ratio of pin diam- 
eter to thickness of specimen, delete all 
those for eyebar flats, unannealed. 

Section 11 (b).—Change to read as 
follows by the omission of the words in 
brackets: 

(b) Test specimens for annealed material [ex- 
cept eyebars,|shall be prepared from the material 
as annealed for use or from a short length of a full 
section from the same melt similarly treated. 
Standard Specifications for Carbon- 

Steel and Alloy-Steel Blooms, Billets, 

and Slabs for Forgings (A 17-29): 

These revisions are in the form of 
proposed new tentative specifications, 
appended hereto? which are intended to 
replace when adopted, the present 
standard. 


Standard Specifications for Lap-Welded 
and Seamless Steel and Lap-Welded 
Iron Boiler Tubes (A 83 — 40): 

Section 3 (b).- 


-Add a footnote after 


2 These specifications pete acce 
Society and appear in the 1941 § 
A.S.T.M. Standards, Part I, p. 225 
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the word “composition” to read as 
follows: 

If desired, alternate type B (open-hearth 
iron) may be specified conforming to the 
chemical requirements given above. This alter- 
nate type B shall meet all the tests and other 
requirements now specified for type B. 

Add chemical composition require- 
ments for a new type of material to be 


designated as alternate type B, open- 
hearth iron, as follows: 


Alternate Type B 


_ Carbon, max., per cent......... 0.05 
Manganese, max., per cent...... 0.35 
Phosphorus, max., per cent...... 0.02 
Molybdenum, per cent........... 0.05 to 0.15 
Copper, min., per cent........... 0.40 


Add a footnote after the words “type 


_ A” to read as follows: 


When Type A tubes are specified with copper 
content, the copper range shall be 0.20 to 0.35 


per cent. 


Standard Specifications for Electric- 
Fusion Welded Steel Pipe (Sizes 30 
in. and Over) (A 134 — 39): 

Section 1.—Change the second sen- 
tence to read as follows by the omission 
of the words and figures in brackets: 

The pipe is intended for conveying liquid, 
gas, or vapor [at temperatures below 450 F.|- 


Standard Specifications for Electric- 
Resistance- Welded Steel Pipe (A 135 
34): 


Section 1.-Change to read as follows 
by the omission of the words in brackets: 


1. These specifications cover two grades of 
electric-resistance-welded steel pipe 30 in. and 
under in diameter. The pipe is intended for 
conveying liquid, gas, or vapor [at temperatures 
below 450 F.]; and only grade A is adapted for 
flanging and bending. The suitability of pipe 
for various purposes is somewhat dependent 
upon its dimensions, properties, and conditions 
of service, so that the purpose for which the 
pipe is intended should be stated in the order. 


Section 14 (a).-Change the require- 
ment on the pipe bevel from its present 
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figure of ‘45 deg.” to read “37.5 deg.” 
Throughout this section change the 
figure “45 deg.” to read ‘37.5 deg.” 


Standard Specifications for Electric- 
Fusion-Welded Steel Pipe (Sizes 8 
in. to but not Including 30 in.) (A 139- 
39): 


Section 1.--Make the same change in 
this section as recommended above in 
Section 1 of Specifications A 135 — 34. 

Section 14 (a).—Make the same change 
in this section as recommended above in 


Section 14 (a) of Specifications 
A 135 — 34. 


Standard Specifications for Seamless 
Alloy-Steel Boiler and Superheater 
Tubes (A 213 — 40): 


Table I.—Change the carbon content 
of grade T 16 (chromium-molybdenum- 
titanium) from ‘0.10 max.” to “0.12 
max.” and change the titanium content 
from ‘0.35 to 0.60” to read “min. 4 
times actual carbon; max. 0.70.” 


Standard Specifications for Forged or 
Rolled Steel Pipe Flanges for General 
Service (A 181 37): 


Classes.—Throughout these specifica- 
tions change the word “classes” to 
read “grades.” 

Section 4.—Change the title of this 
section from ‘Grain Flow” to ‘“Manv- 
facturing Practice.” Delete the presen! 
Paragraph (a) and add the new Para 
graphs (a), (b), (c), and (d) listed below, 
relettering the present Paragraph () 
as (e): 

(a) Material for flanges shall consist ¢ 
blooms, billets, slabs, or bars either forged ot 
rolled from an ingot, and cut to the requif 
length by a process that will not produce ¥ 
jurious defects in the flange. 

(b) Forging or rolling operations may be 
performed either by hammering, pressing, rol! 
ing, extruding, or upsetting. Flanges shall be 
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brought as nearly as practicable to the finished 
shape and size by hot working and shall be so 
processed as to cause metal flow during the hot- 
working operation in the direction most favor- 
able for resisting the stresses encountered in 
service. 

(c) When specified in the order, a sample 
flange may be sectioned and etched to show flow 
lines and the condition as regards internal 
imperfections. In such cases, the question of 
acceptable and unacceptable character of metal 
flow shall be a subject for agreement between 
the manufacturer and the purchaser. 

(d) When specified in the order, the manu- 
facturer shall submit for approval of the pur- 
chaser a sketch showing the shape of the rough 
forging before machining. 


Section 5.—Change from its present 
form to read as follows: 


5. The steel shall conform to the following 
requirements as to chemical composition: 


GradeI Grade 
Carbon, max., per cent..... 0.354 a 
Manganese, max.,percent.. 0.90 0.90 
Phosphorus, max., percent . %.05° 
Sulfur, max., percent....... 0.05% 0.05° 


*The carbon content of grade II material shall be a 
matter of agreement between the manufacturer and the 
purchaser. When flanges will be subject to fusion weld- 
ing, the carbon content shall not exceed 0.35 per cent. 
When the carbon is restricted to 0.35 per cent, max., it 
may be necessary to add silicon to the composition for 
grade II and for the heavier thicknesses of grade I flanges 
in order to meet the required tensile properties. The sili- 
con content shall not exceed 0.30 per cent. 

» See Section 7. 


Section 9.- Change from its present 
form to read as follows: 


9. (a) The tension test specimens taken from 
the flanges shall be machined to the form and 
dimensions shown in Fig. 1, except as specified 
in Paragraph 

(b) In the case of small sections which will 
hot permit of taking the standard test specimen 
specified in Paragraph (a), the tension test 
specimens shall be as large as feasible and its 
dimensions shall be proportional to those shown 
in Fig. 1. The gage length for measuring 
elongation shall be four times the diameter of 
the specimen.* 

(c) For the purpose of making tension tests 
the manufacturer shall supply suitable test 
specimens from the flange or, at his option, 
furnish test blanks prepared from the billets or 
forging bar entering into the finished product, 
provided such test blank has undergone approxi- 


mately the same working and heat treatment as 
the finished product. 


@ These requirements are in accordance with the provi- 
sions of Section 7 of the Tentative Methods of Tension 
Testing of Metallic Materials (A.S.T.M. Designation: 
E 8) of the American Society for Testing Materials, 1940 
Supplement to Book of A.S.T.M. Standards, Part I, 
p. 453. 

Section 14..-Change from its present 


form to read as follows: 


14. Identification marks shall be legibly 
stamped on each forging. 


Standard Specifications for Welded and 
Seamless Steel Pipe (A 53 — 40): 


Table III.—Change from its present 
form to read as prescribed in the accom- 
panying Table II. 

Appendix.—In the table, delete the 
values for nominal wall thicknesses for 
the following sizes of pipe: 20 in., 
Schedule Number 160; 24 in., Schedule 
Numbers 140 and 160; 30 in., Schedule 
Numbers 10, 20, and 30. 

Change the first sentence in the intro- 
ductory paragraph of the Appendix to 
read as follows by the addition of the 
italicized words and the omission of those 
in brackets: 

Except for deletion of thicknesses for the 20 and 
24 in. sizes in Schedule 160, the 24 in. size in 
Schedule 140, and all 30 in. sizes which are not 
commercially available, the following table is 
identical with |The following is a reprint of] 
Table 2 of the American Standard for Wrought- 


Iron and Wrought-Steel Pipe (ASA No.: 
B36.10—1939) of the American Standards Asso- 


ciation which is referred to in the Note under 
Section 12 (a) of these specifications. This 
table is published here for information only. 


Standard Specifications for Black and 
Hot-Dipped Zinc-Coated (Galva- 
nized) Welded and Seamless Steel 
Pipe for Ordinary Uses (A 120~ 40): 


Table II.—Change from its present 
form to read as prescribed in the accom- 
panying Table II. 

A ppendix.— Delete the entire Appendix 
and Table. 
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TABLE II.—STANDARD WEIGHTS AND DIMENSIONS OF WELDED AND SEAMLESS STEEL PIPE.* 


wall thickness desired. 


“Standard Weight” Pipe “Extra Strong” Pipe 


Schedule 30 | Schedule40 | Schedule6o | Scheduleso | ~"°™# Pipe 
1 | — as as 
0.405 0.068 | 0.25 0.095 | 0.31 
0.540 | 18 0.088 | 0.43 | 9.119 | 0.54 
0.675 | 18 0.091 | 0.57 0.126 | 0.74 
0.840 | 14 | 0.109} 0.85 0.147 | 1.09 | 0.294 1.71 
1.050} 14 | | 0.113} 1.13 0.154 | 1.47 | 0.308 | 2.44 
1.315) 11% | | 0.133 | 1.68 0.179 | 2.17 | 0.358 | 3.6 
1.660 | 1114 | | 0.140! 2.28 0.191 | 3.00 | 0.382 | 5.21 
1.900 | | 0.145] 2.73 0.200 | 3.63 | 0.400 | 6.41 
ee: 2.375 | 11!9 | 0.154] 3.68 0.218 | 5.02 | 0.436 | 9.03 
2.875 | 8 0.203} 5.82 | .... | 0.276 | 7.66 | 0.552 | 13.70 
3.500| 8 0.216| 7.62 | .... 6.300 | 10.25 | 0.600 | 18.58 
4.000 8 0.226| 9.20 | .... | 0.318 | 12.51 | 0.636 | 22.85 
4.500 0.237 | 10.89 0.337 | 14.98 | 0.674 | 27.54 
Peete 5.563 8 | 0.258 | 14.81 | 0.375 | 20.78 | 0.750 | 38.55 
6.625 | 8 0.280 | 19.19 | 0.432 | 28.57 | 0.864 | 53.16 
Ea 8.625 8 | 0.277 | 25.00 | 0.322| 28.81 | -. | 0.500 | 43.39 | 0.875 | 72.42 
*10 10.750 8 | 0.307 | 35.00 | 0.365 41.13 | 0.500 54.74 
**12 12.750 8 | 0.330 | 45.00 |*90.375 | 50.71 |**0.500 | 65.41 


@ Sizes larger than those shown in the table are measured by their outside diameter, such as 14 in. in outside diameter, 
16 in. in outside diameter, etc. 
These larger sizes will be furnished with plain ends, unless otherwise specified. 
The weights will correspond to the manufacturers’ published standards although it is possible to calculate the theoreti- 
cal weights for any given size and wall thickness on the basis of 1 cu. in. of steel weighing 0.2833 Ib. 
® The American Standard for Wrought-Iron and Wrought-Steel Pipe (ASA B36.10-1939) has assigned no schedule 
number to ‘“‘Double Extra Strong”’ pipe. 
* Standard weight pipe 10-in. in nominal size is also available with 0.279 in. wall thickness, but this wall is not covered 
by a schedule number. 
** Owing to a departure from the ‘‘Standard Weight” and ‘‘Extra Strong”’ wall thicknesses for the 12-in. nominal size, 
Schedules 40 and 60, in Table 2 of the American Standard for Wrought-Iron and Wrought-Steel Pipe (ASA B36.10 1939) 
the regular ‘‘Standard”’ and “Extra Strong”’ wall thicknesses (0.375 in. and 0.500 in.) have been substituted. 


- Standard Specifications for Seamless (d) From each heat-treated lot, one flatten- 
Cold-Drawn Alloy-Steel (4 to 6 per ing test and one flaring or flange test specified in 
cent Chromium) Heat-Exchanger and Sections 7 and 8 shall be made on each of two 


‘ tubes, and one hardness test specified in Section 
Condenser Tubes (A 187 ~ 40): 9 shall be made on each of 5 per cent of the 


Section 12 (d).—Change from its tubes. For the purpose of calculating the 
present form: namely, number of tests on tubes heat treated by the 
continuous process, the number of tubes in 2 
(d) From each heat-treated lot, one flattening _ heat-treated lot shall be determined from the 
test and one flaring or flange test specified in ize of the tubes as follows: 
Sections 7 and 8 shall be made on each of two 


tubes, and one hardness test specified in Section tin. in Sise of Let 
_ 9shall be made on each of 5 per cent of the tubes. outside diameter or over 1 in. in 
outside diameter and under 


0.200 in. in wall thickness...... not more than 75 tubes 


to read as follows: “he _ 1 in. or less in outside diameter .. not more than 125 tubes 


Note 1.—Where more than one weight is listed under the same size and class, the order should definitely specify the 
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PROPOSED REVISIONS IN 


’ ApOPTION OF TENTATIVE STANDARD 
AS STANDARD 


The committee recommends that the 
following tentative standard be ap- 
proved for reference to letter ballot of 
the Society for adoption as standard 
with the revision as indicated below: 


Tentative Specifications for Carbon- 
Steel Castings Suitable for Fusion 
Welding for Miscellaneous Industrial 
Uses (A 215-— 39 T): 


Section 8 (c).—Change to read as 
follows by the addition of the italicized 
words: 


(c) The yield point shall be determined by 
the drop of the beam or halt in the gage of the 
testing machine, or by the use of dividers, or by 
an extensometer, at a crosshead speed not to 
exceed 3 in. per min. Where a definite yield 
point is not exhibited, the yield strength corres pond- 
ing to a limiting permanent offset of 0.2 per cent 
of the gage length of the specimen shall be used 
instead. The “offset method” of determining 
yield strength as described in the Tentative Methods 
of Tension Testing of Metallic Materials 
(A.S.T.M. Designation: E8) of the American 
Society for Testing Materials shall be followed. 
The tensile strength shall be determined at a 
speed of head not to exceed 1} in. per min. 


EDITORIAL CHANGES IN STANDARDS 


Tentative Specifications for Carbon- 
Steel Forgings for Locomotives and 
Cars (A 236~- 40T): 


Section 13 (c).— Change to read as 
follows by the addition of the italicized 
words and the omission of those in 
brackets: 


_ (c) For special normalized and tempered 
lorgings, one tension test and, if specified, [one 
etch test for microscopic examination] one 
muroscopic test from an etched specimen shall 
be made from each class by size of each melt in 
each heat treatment lot. For information only, 
vhen specified, [one unetched test for micro- 
scopic examination] one microscopic test from an 
unetched specimen shall be made from the 
largest size forging in each melt. 


Tentative Specifications for Factory- 
Made Wrought Carbon-Steel and 


Carbon-Molybdenum-Steel 
Fittings (A 234-40T): 


Welding 


Section 1 (a).—Change to read as 
follows by the addition of the italicized 
words: 


(a) These specifications cover factory-made 
wrought carbon-steel and carbon-molybdenum- 
steel welding fittings for pressure piping. The 
term “welding fittings” applies to butt-welding 
or socket-end parts such as. 45-deg. and 90-deg. 
elbows, 180-deg. return bends, caps, tees, re- 
ducers, lapped joint stub ends, and other types 
as covered by the American Standards for Steel 
Bult-Welding Fittings (ASA B16.9-1940) and 
for Steel Socket-Welding Fittings (ASA B16.11- 
1941). 


Standard Specifications for Seamless 
Alloy-Steel Boiler and Superheater 
Tubes (A 213 - 40): 


Table I.—TYo correct a typographical 
error in the present printing, change the 
silicon content requirement for grade 
T 13 (Chromium-Silicon-Molybdenum) 
from “1.00 to 1.60” to read “1.00 to 
2.00” per cent. 


Standard Specifications for Commercial 
Cold-Finished Bar Steels and Cold- 
Finished Shafting (A 108 — 36): 

Table III.—Change the permissible 
variations for hexagons, to read as fol- 
lows by the addition of the italicized 
figures and the omission of those in 
brackets: 


Over & 


Variations from Size, in. 
Carbon Carbon 
+ 0.30 per cent | 0.31 to 0.50 
and less per cent 
Under | Over | Under 
Specified Dimensions Be- 
tween Opposite Sides, 
in.: 
[0.3] % and under | 0.002 0 | 0.003 0 
Over [0.3] % to1,incl. .| 0.003 0 | 0.004 0 
Over 1 to 2), incl. 0.004 0 0.005 0 
{Over 2}4 to 4, incl.] Over 
21% to 3%, incl. 0.005 0 0.006 0 
Over 3% to 4, incl........ (0.005) [0.006] 
0.006 0 0.607 0 
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84 Report oF CommitTEE A-1 (APPENDIX) 


In the first column of the table under 
“Squares” change “0.3” to read “36” 
in two places. 

In the first column of the table under 
“Flats” change 0.3” to read 5.” in 
four places. For flat bars with carbon 


().30 per cent and less, change the per- 


missible variations in width and. thick- 
ness from “0.003 in., 0.004 in., and 
0.005 in.” to read ‘0.002 in., 6.003 in., 
and 0.004 in.” respectively for the 


several thicknesses specified for widths 


less than 1} in. 
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Since the 1940 annual meeting of the 
Society, Committee A-3 on Cast Iron 
has held one meeting, in Washington, 
D. C., on March 4, 1941. A second 
meeting will be held in June during the 
annual meeting of the Society. 

It is with sincere regret that the com- 
mittee records the death of Mr. Paul E. 
Mckinney, Metallurgical Engineer, The 
Bethlehem Steel Co. At its March 
meeting the following resolution on the 
untimely passing of Mr. McKinney was 
adopted by the committee: 


Reso_LveD: That in the death of Mr. P. E. 
McKinney, the committee has lost the advice 
and the assistance of a metallurgical engineer 
whose recognized ability was of great value to 
the committee and whose zeal in committee 
work was outstanding. The committee will 
miss his help and companionship, and expresses 
its sympathy to his survivors. 


Since the 1940 annual meeting, the 
following seven new members have been 
elected: 


The Cooper-Bessemer Co., represented by 
T. E. Egan, 

Richard Schneidewind, 
Michigan, 

Tinius Olsen Testing Machine Co., repre- 
sented by B. L. Lewis, 

U.S. War Dept., represented by W. F. Tomp- 
kins with Granville Smith, alternate, 

U.S. Army Ordnance Dept., Watertown 
Arsenal, represented by S. B. Ritchie, 

U. S. Bureau of Ships, represented by E. C. 
Forsyth, and 

Cornell University, Dept. of Chemistry, 
represented by C. W. Mason. 


University of 


In addition, A. P. Spooner now repre- 
sents the Bethlehem Steel Co. in place 
of P. E. McKinney, deceased. 
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REPORT OF COMMITTEE A-3 
ON 
CAST IRON 


The total membership of the commit- 
tee is now 113, of whom 36 are classified 
as producers, 47 as consumers, and 30 as 
general interest members. 

In accordance with the instructions of 
Committee A-3, the chairman met with 
representatives of the Gray Iron Divi- 
sion of the American Foundrymen’s 
Association in New York City on May 
14, 1941, and plans for educational work 
for promoting utilization and support for 
formulation of A.S.T.M. specifications 
were discussed. ‘These will be reported 
at the June meeting of the committee. 

It was the consensus of opinion of the 
committee at its meeting in Washington 
on March 4 that it is the policy of the 
Society to take the lead in specification 
problems, and in this emergency period 
it would be highly desirable that all 
specifications for cast iron be correlated, 
clarified, and simplified wherever pos- 
sible. The A.S.T.M. Standard Specifi- 
cations for Gray-Iron Castings (A 48 - 
36) are backed by much research and 
study, and they permit selection of cast 
iron according to tensile strength classes 
and according to the sections in which 
the castings may be used. These and 
other A.S.T.M. specifications, have not 
always been correctly adapted and in- 
terpreted when used as bases for other 
specifications. It was called to the at- 
tention of Committee A-3 that there is 
within the foundry trade some confusion 
and hence antipathy toward specifica- 
tions because of the large number, and 
sometimes confusing provisions, of the 
specifications. 
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I. New TENTATIVE STANDARD 


On the recommendation of Subcom- 
mittee VII on Microstructure of Cast 
Iron, Committee A-3 recommends that 
the new proposed Tentative Recom- 
mended Practice for Evaluating the 
Microstructure of Graphite in Gray 
Iron be accepted for publication as 
tentative as appended hereto.' 


II. ADOPTION AS STANDARD OF 

TENTATIVE STANDARD 
The committee recommends, as pro- 
posed by Subcommittee XXI on Pres- 
sure Pipe, that the Tentative Specifica- 
tions for Cast Iron Pit-Cast Pipe for 
Water and Other Liquids (A 44 — 39 T)? 
be approved, without revision, for refer- 
ence to letter ballot of the Society for 
adoption as standard. 


III. Revisions OF STANDARDS 


On the recommendation of Subcom- 
mittee VJ on General Castings, the 
committee recommends the following 
addition to the Standard Specifications 
for Gray Iron Castings (A 48 - 36)* and 
accordingly asks for a favorable nine- 
tenths vote at the annual meeting in 
order that this modification may be 
referred to letter ballot of the Society: 

Table I.—¥or Class No. 6 iron add a mini- 
mum breaking load requirement of 12,500 Ib. 
in the transverse or flexure test on 2.0 in. 
diameter bar (Type C) tested on 24-in. supports. 

On the recommendation of Subcom- 
mittee XVIII on Automotive Castings, 
the committee recommends for imme- 
diate adoption the following revision in 
the Standard Specifications for Automo- 
tive Gray-Iron Castings (A 159 — 40)! 
and accordingly asks for a favorable 
nine-tenths vote at the annual meeting 
in order that these modifications may 
be referred to letter ballot of the Society: 


1 This recommended practice was accepted as tentative 
by the Society and appears in the 1941 Supplement to 
Book of A.S.T.M. Standards, Part I, p. 300. 
2 1939 Book of A.S.T.M. Standards, Part I, p. 960. 
31939 Book of A.S.T.M. Standards, Part I, p. 482. 
4 to Book of A.S.T.M. Standards, Part 
» p. 143. 
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Table IIIT.—Change the requirement 
for total carbon for alloy No. 112 from 
“3.45 +0.15 per cent” to “3.55 + 0.15 
per cent” and change the requirement for 
silicon for the same alloy from ‘2.90 + 
0.10 per cent” to “2.75 + 0.15 per cent.” 

Section § (b).—Change the last sen- 
tence of this paragraph to read as follows 
by the addition of the italicized words 
and the omission of those in brackets; 

In general, one or more of the elements 
chromium, copper, molybdenum, vanadium, 
nickel, and titanium [should] may be used. 

The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Ballots 
Marked 
“Not 
Voting” 


Affirm- 
| ative 


Nega- 


Items tive 


1. New TentTATIVE STANDARD 
Recommended Practice for 
Evaluating the Microstruc- 
ture of Graphite in Gray 
Iron ; 


Il. ADOPTION AS STANDARD OF | 
TENTATIVE STANDARD 
Spec. for Cast-Iron Pit-Cast 
Pipe for Water and Other 
Liquids (A 44-39 T)...... 


III. REVISIONS OF STANDARDS 
Spec. for Gray-Iron Castings 
(A 48 — 36), immediate adop- 
tion 
Spec. for Automotive Gray- 
Iron Castings (A 159 - 40), 
immediate adoption 0 


of 113 members, with the results show 
in Table I. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Pig Iron (H. M. 
Rich, chairman) has in preparation nef 
specifications for pig iron which are i 
tended as a revision of and to repla¢ 
the Standard Specifications for Foundy 
Pig Iron (A 43-24). In this connet 
tion the Federal Specification for Four 
dry Pig Iron (QQ-I-676) and a proposé 
American Iron and Steel Institute spec 
fication are being reviewed to ascertal 
to what extent correlation of the 
specifications can be made. 
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Subcommittee IIT on Cylinders (O. B. diameter test bar the formula for modulus of 


Schultz, chairman) is giving considera-  ¢!@sticity is as follows: 
tion to a revision of the Standard Modulus of 
Specifications for Cast-Iron Locomotive elasticity, psi. = —~~—-»-—— 1194 


Cylinders (A 45 — 14). The present — Deflection in inches 
specifications are obsolete and will be The subcommittee has called to the 
either completely revised or withdrawn. attention of Committee A-3 the fact 
Subcommittee V on Light Gray-Iron _ that in the case of Class 70 of the Federal 
Castings (W. J. Grede, chairman) pre- Specification for Gray-Iron Castings 
pared the Specifications for Lightweight (QQ-I-652) no tensile requirements are 
and Thin-Sectioned Gray-Iron Castings given or specified and this may be con- 
(A190 -40) which were adopted as_ fusing since for other classes, which 


standard in 1940. Since the work of the correspond to the classes prescribed in 
subcommittee has been completed, upon Specifications A 48, definite minimum 


the request of the chairman, Subcom- _ tensilestrength requirementsarespecified. 
mittee V has been discharged with Subcommittee VI is studying the 
thanks for its prompt and thorough U.S. Navy Specifications for Gray-Iron 
work. Mr. W. J. Grede will act in an Castings (46 I 6c) and for High-Test 


fared @ advisory capacity to Committee A-3 in (Semisteel) Gray Iron Castings (46 I 5b) 
olin matters pertaining to Specifications and will report at the June meeting of 


A 190, the committee. 

Subcommittee VI on General Castings The subcommittee is cooperating with 
(H. Bornstein, chairman) recommends Subcommittee XVII in attempting to 
the revision given earlier in this report arrive at a degree of correlation between 
and also presents as an editorial change Specifications A48 and the Standard 
the following explanatory clauses on de- Specifications for Gray Iron Castings 
flection values to be added to the for Valves, Flanges, and Pipe Fittings 


Standard Specifications for Gray Iron (A 126-40). A joint report and recom- 

Castings (A 48 — 36):4 mendation will be presented at the June 
meeting of the committee. 

Note 4._Add the following at the end The Proposed Specifications for Man- 


14 of this note: hole Frames and Covers that are being 


Deflection values have been omitted from prepared by Sectional Committee A 35 


shown 
. these specifications because the desired deflection On Manhole Frames and Covers have 
would be governed by the use of the iron. In been reviewed in draft form and found 
: cases a maximum value would be specified jy, general to be compatible with A.S. 
vecause a stiff j is desire i ‘ 
E cause a stiff iron is desired and in other cases cM. Specifications A 48. Several 
H. M minimum values would have to be specified F 
minor suggested changes have been 
on nes cause a flexible iron is required. Con- at ‘al Specificati N 
wits sequently the deflection figures should be reached PFOPposea. aterial cation 
e " by agreement between the manufacturer andthe 110 of the Hydraulic Institute has also 
rep a purchaser. been reviewed and found to be in general 
ound The use of modulus of elasticity gives a agreement with Specifications A 48. 
connec — load-deflection relationship which is Specification S-13 for Gray Iron 
ropost! cification provides for increase in deflec- 
spec: ion with increase in load. The maximum 
ertail modulus of elasticity could be specified if tough- with AS. pecifications as 
‘ yu ness is desired or a minimum value could be Concerns the requirements for classes 20, 


specified if stiffness is desired. For the 1.20-in. 30, and 40. Action has recently been 
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taken by the Boiler Code Committee to 
add requirements for two additional 
classes, 35 and 45, so that the Code 

Specification will now cover five classes 
identical with Standard A 48. 

Subcommittee VII on Microstructure 
of Cast Iron (G. F. Comstock, chairman) 
has completed its work in cooperation 
with the A.F.A. Committee on Classifica- 
tion of Graphite in Gray Iron (W. I 
Mahin, chairman) in the preparation of a 
Proposed Recommended Practice for 
Evaluating the Microstructure of Graph- 
ite in Gray Iron, including a recom- 
mended procedure for polishing micro- 
sections of cast iron. The report of the 
subcommittee’ and the proposed recom- 
mended practice! are appended hereto. 
At its meeting in Washington on March 
4, Committee A-3 approved the report 
and the proposed recommended practice 
and action was taken to refer the recom- 
mended practice to Committee E-4 on 
Metallography for its approval. Com- 
mittee E-4 approved the recommended 
practice for submission to letter ballot. 

Subcommittee VIII on Cast-Iron Cul- 
vert Pipe (W. J. Schlick, chairman) re- 
ports that the utilization by the trade 
of the Standard Specifications for Cast- 
Iron Culvert Pipe (A 142 — 38) has been 
investigated and that this standard is 
_ being used satisfactorily. 

Subcommittee X on Nomenclature and 
Definitions (A. J. Herzig, chairman) is 
engaged in the preparation of revisions 
of the Tentative Definitions of Terms 
Relating to Cast Iron (A 196-36 T). 
Recommendations for changes will be 
presented at the June meeting of Com- 
mittee A-3. 

In addition to the terms already cov- 
ered in Definitions A 196, a study is 
being made of the advisability of de- 
fining other terms relating to testing 
and mechanical properties as applied to 
this material. 

Subcommitte XI on Methods of Testing 


Report oF CoMMiTTEE 


(V. A. Crosby, chairman) is reviewing 


the test methods employed in specifica- - 
tions under the jurisdiction of Committee on 
A-3, having in mind possible correlations rect 
of all methods used in these standards, Det 
It is expected that besides handling speci- Tre 
fic questions directly referred to it, Sub- on 
committee XI will become a “clearing rep) 
house” for review of test methods pro- Sub 
posed by other subcommittees of Com- Rel 
mittee A-3 dealing with both specifica- 
tions and research. thes 


Subcommittee XV on Impact Testing Ss 
(J. T. MacKenzie, chairman).—After a 


study of the drop test method and Po 
Charpy impact test method which has wor 
been under way for some time, the sub- ote 
committee has concluded that both of Star 
these methods need to be standardized Cas: 
tentatively for purpose of research and Fitt 
the accumulation of data for possible and 
inclusion in future specifications. The to ¢ 
tests proposed are as follows: 5 
Drop Test.—In the drop test the following pari: 
spans and weights of hammer may be used: Star 
Bar A.. 4-in. span, 12}-Ib. hammer 125 
Bar B. ..6-in. span, 25-Ib. hammer 
Bar C. 12-in. span, 50-Ib. hammer 150. 
For the B bar, dimensions of the hammer; Use 
anvil, and supports should be approximately Pipe 
those of Fig. 5 in the 1933 report.’ Each test (Thi 
should be started with the hammer dropping 
from an initial height of 1 in. and the height of and 


drop should be increased by 1-in. increments, the Valv 


final drop being reported as the end point. the 
Charpy Impact Test.—The Charpy impact 
test should be made as follows: Take half of the cove 


transverse bar (1.20 by 21 in.) and cut it into 
lengths of 8 + $ in. Turn or grind the bart 
1.125 + 0.005 in. round. Place this specimen it 
the Charpy impact machine observing all the 
precautions listed in the Tentative Methods of 
Impact Testing of Metallic Materials (A.S.T.M 
Designation: E 23) of the American Society for 
Testing Materials. The specimens should & 
broken on 6-in. centers and the results recorded 
as the energy absorbed by the hammer. Ful 
size bars (1.20-in. round, as cast) may be use 
as test specimens provided this is explicitly state 
in the report. 


6 One of the testing machine manufacturersis to be ashe. 
for an sopremmante estimate for the cost of a machine to 
built by his company. 

7 Report of Subcommitte XV on Impact Testing of Cat 
+ ‘oan Am. Soc. Testing Mats., Vol. 33, Part! 
p 

#1939 Book of A.S.T.M. Standards, Part I, p. 1242 
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Subcommittee XVI on Heat Treat- 
ment of Cast Iron (J. S. Vanick, chair- 
man) is interested in the work of the 
recently reorganized Joint Committee on 
Definitions of Terms Relating to Heat 
Treatment. The chairman of this sub- 
committee has been appointed as the 
representative of Committee A-3 on the 
Subcommittee on Definitions of Terms 
Relating to Heat Treatment of Com- 
mittee E-8 on Nomenclature and Defini- 
tions. 

Subcommittee XVII on Gray Iron 
Castings for Valves, Flanges and Pipe 
Fittings (J. J. Kanter, chairman) is 
working with Subcommittee VI on cor- 
relation of Specifications A 48 with the 
Standard Specifications for Gray Iron 
Castings for Valves, Flanges, and Pipe 
Fittings (A 126 — 40), and a joint report 
and recommendation will be presented 
to Committee A-3 at its June meeting. 

Subcommittee XVII has made a com- 
parison of the Federal Specifications for 
Standard Flange Dimensions (Classes 
125 and 250 Cast-Iron Flanges; Classes 
150.and 250 Bronze Flanges) for Land 
Use (WW-F-406), Cast-Iron Drainage 
Pipe Fittings (WW-P-491), Cast Iron 
(Threaded) Pipe Fittings (WW-P-501a), 
and 125-lb. Threaded and Flanged Gate 
Valves for Land Use (WW-V-76b), with 
the A.S.T.M. Standard Specifications 
A126, and has reported that material 
covered by Specifications A 126 will con- 
form to the material requirements of the 
above Federal Specifications. 

Subcommittee XVIII on Automotive 
Castings (A. L. Boegehold, chairman) has 
prepared a revision of the Standard 


— 


Specifications for Automotive Gray- 
Iron Castings (A 159-40), as men- 
tioned earlier in this report, in order to 
bring them into closer conformity with 
the S.A.E. Recommended Practice for 
Automotive Gray Iron Castings. 

Subcommittee XIX on Chilled and 
White Iron Castings (Johannes Erler, 
chairman) is continuing its work on the 
preparation of specifications for chilled — 
and white iron castings. 

Subcommittee XX on Soil Pipe (Walker 
Reynolds, chairman) is working on a 
revision of the Tentative Specifications 
for Cast Iron Soil Pipe and Fittings 
(A 74-—39T) and will report at the > 
June meeting of the committee. 

Subcommittee XXI on Pressure Pipe 
(T. H. Wiggin, chairman) is responsible 
for the Tentative Specifications for Cast 
Iron Pit-Cast Pipe for Water and Other 
Liquids (A 44 — 39 T)? which are being 
recommended for adoption as standard 
as mentioned earlier in this report. 


This report has been submitted to 
letter ballot of the committee which 
consists of 113 members; 71 members 
returned their ballots of whom 70 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
J. W. Botton 
Chairman. 
J. T. MacKenziz, 
Vice-Chairman. 


E.R. Youne, 
Secretary. 
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REPORT OF SUBCOMMITTEE VII ON MICROSTRUCTURE OF 


CAST IRON 


PREPARED JOINTLY WITH THE A.F.A. Gray IRON Division SUBCOMMITTEE ON CLASSIFICATION OF 
GRAPHITE 


The physical metallurgy of gray cast 
iron is inseparable from considerations 
of the amount, the size, and the orienta- 
tion and distribution of graphite in the 
microstructure of this material. Al- 
though all metallurgists familiar with 
cast iron have long recognized the im- 
portance of these factors, no systematic 
method or recommended practice has 
previously been accepted generally as a 
means of determining and standardizing 
the measurements of the last three. 
Determination of the chemical content 
of graphite yields a measurement of the 
amount of graphite but consideration of 
this factor alone would mean a failure to 
recognize the great importance of the 
microstructure of graphite in determin- 
ing physical characteristics. Photo- 
micrographs ordinarily can show only a 
very small area, and inherent variations 
in the microstructure frequently make 
representations of graphite by this 
method either misleading or very tedious 
and impractical. A more accurate and 
simpler method seemed very desirable. 

Committees of the American Foundry- 
men’s Association and the American 
Society for Testing Materials have col- 
laborated to prepare this report upon 
the various aspects of the problem and to 
develop a recommended practice for 
evaluating the microstructure of graphite 
in gray cast iron. The recommended 
practice includes two series of photo- 
micrographs and drawings covering the 
complete range in size and type of 
graphite commonly found in gray irons. 
A description of a standard procedure 
to be used in evaluating the micro- 
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structure of graphite, and a suggested 
method for metallographic polishing of 
gray iron are also included. 

The recommended practice does not 
in any way displace present chemical 
and physical tests. No discussion is 
contained on specific effects of micro- 
structure of graphite upon any property 
of gray cast iron. The work provides 
only a new testing procedure which 
should serve as a new tool in aiding 
investigators in this field. 


Historical: 


Recognition of the general relation- 
ships between graphite flake size, form 
and distribution on the one hand, and 
many of the physical properties of cast 
iron on the other, probably dates back 
to the very earliest use of the micro- 
scope on this material. Much valuable 
investigative work has been reported 
in which photomicrographs have been 
used to illustrate or record the effect of 
graphite as a controlling variable upon 
some physical property. References 
may be found calling attention to the 
possible usefulness of making actual 
measurement of the size of graphite 
flakes and of classifying the various 
types of structure. 

Bolton (1)! in 1927 described the | 
following general formations: (a) broad 
straight flakes with background of fine 
flakes, (b) rosette or whorl, (c) dendritic 
striation, (d) grouped formation, col 


1 The boldface numbers in parentheses refer to the rt 
ports and papers appearing in the bibliography ap 


to this report. | 
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sisting of clear dendritic flakes with 
fine graphite peninsulas, and (e) round 
temper carbon. He also suggested the 
following nomenclature for description 
of graphite formation: (/) primary 
graphite (first deposited formations from 
liquid phase) retaining characteristic 
outlines resembling cementitic forms, 
(2) secondary graphite formations, 
which, although distinctive, have, 
through influences of diffusion and grain 
growth, little resemblance to cementitic 
formations, (3) residual graphite (graph- 
ite not dissolved in the remelting pro- 
cess) acting as nuclei on resolidification, 
and (4) pseudo-eutectic graphite (finely 
distributed graphite), probably a de- 
composition product of ledeburite. 

Roll (2) reconstructed the actual 
volumetric shape of graphite flakes by 
photographing successive parallel sec- 
tions separated by known distances. 
This author proposed the following 
classification of graphite shapes in cast 
iron: 

1. Isolated flakes, thick and short, scarcely 
connected. 

2. Flakes connected to each other: 

(a) Coarse flakes 

(b) Network graphite 

(c) Rosette-like, globular graphite 

(d) Whorl graphite 

3. Eutectic graphite: 


(a) Network graphite 7 
(b) Globular graphite 
4. Temper carbon. 


Thum (3) compared graphite flakes 
with notches as far as their effect upon 
the physical properties are concerned. 
He showed six sizes of graphite and 
gave a stress-strain diagram showing 
permanent deformation and total de- 
formation for each type. His work 
seemed to show that the longer the 
flake, the lower would be the modulus of 
elasticity. He concluded that both the 
tensile strength and the modulus of 
elasticity are determined by graphite 


content and form. 


Norbury and Bolton (4) stated that 
the terms “fine,” “medium,” 


The British Cast Iron Research Asso- 


following magnifications for examina- 
tion: 
showing the general graphite structure. 
If the graphite is very coarse, X 25, 
unetched, is occasionally used; if very 
fine, the specimen is etched and photo- 
graphed at X 200 or X 1000. A mag- 
nification of 200, etched, is used for 
showing the nature of the matrix. In 


many irons, if dendritic structure is 


sufficiently fine, this magnification also 
may show the general graphite structure. - 
A magnification of 1000, etched, is 


suggested for revealing the structure of © 


the individual constituents. 
Diepschlag (5) differentiated graphite 

of the following types: (1) graphite in 

large straight plates 


in compact rounded grains separates 
near the eutectic line if the rate of 
cooling is slow and the degree of under- 


cooling is slight, (3) graphite in thin — 


leaves, with spirals corresponding to the 
surface of the austenite crystals, and 
separated in condition of undercooling, 
(4) graphite in a very fine state and 


equally disseminated (eutectic graphite) © 


separates if the constitution of the alloy 
is favorable, and (5) graphite in soft and 


xX 50 diameters, unetched, for 


ciation (4) adopted as far as possible the 7 


(hypereutectic 
graphite) separates while the major— 
portion of the mass is liquid, (2) graphite ; 


and 
“coarse” graphite are not sufficiently 
explicit. The average length of the 
flakes in a representative area should 
be stated. They pointed out that it is 
difficult to measure the length of the 
flakes very accurately, since the flakes 
are often curved and join each other, 
but approximately correct values may 
be obtained. The flakes may vary 
considerably in length in different parts 
of the same casting. The flake length 
varied from 0.700 to 0.001 mm. in the 
castings examined. 
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porous flakes, often lies adjacent to the 
cementite, and separates from the solid 
solution during cooling. 
_ Diepschlag further classified graphite 
into four groups: 
1. Well-defined platy graphite, 
2. Graphite in thin plates, 
_ 3. Thin curly leaves plus numerous 
-nodulae of graphite, and 
4. Eutectic graphite. 
litaka and Shiota (6) classified the 


Structure of graphite formed in cast 
iron as follows: Flake, eutectic, lump, 


octopus-like, and rosette graphite. They 
found that the carbon content had a 
great effect upon the formation of 
octopus-like graphite. The higher the 
carbon co. ent, the more frequently it 
occurred. 

At a meeting of the International 
Committee for Testing Cast Iron held in 
Paris on June 19, 1937, Prof. A. Portevin 
presented a paper (7) from which the 
following is quoted: 


The fundamental importance of the graphite 
in relation to the strength and other physical 
properties of cast iron and, consequently the 
position acquired by micrographic examination 
in research and foundry control work are well 
known. Numerous publications concerning the 
structure of cast iron or calling on micrography 
have been appearing at conventions and in the 
journals of foundry associations. 

On reading these publications, one is struck 
by the diversity and, consequently, the vague- 
ness, not to say the incorrectness, of the terms 
describing the graphite, regardless of the im- 
portance of these terms. This results in ob- 
scurity, confusion, errors, and sources of sterile 
discussion. 

It is apparent that it would be useful to bring 
order and method into the manner of defining 
and characterizing the graphite in cast iron. 

_ Such an undertaking falls within the plan of 

q activities of the International Committee for 
Testing Cast Iron; for its field of study includes 
all the tests of cast iron, and micrography is, 

we would say, one of the more important ele- 

f ments of sucha study. Therefore, I propose a 
study in common of this subject. 


Portevin then went on to discuss the 
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substance of his course in metallography 
at the Foundry Technical School, de- 
scribing a method taught for evaluating 
the microstructure of graphite. In 
classifying the important characteristics, 
he described by means of drawings and 
methods of measurement, existing varia- 
tions in (J) shape, (2) distribution, and, 
(3) size of the graphite particles. 

In Fig. 1, one of the several methods 
that he has discussed for measuring the 


Nit G 
where: 


N = Flake number in flakes per mm?. 

N: = The number of flakes entirely within the circum- 
ference. 

N2 = The numbe: of flakes intersected by the circum- 
ference. 

S = The area enclosed in the circle in mm?, 

G = The magnification used. 


Fic. 1.—A Method for Determining Graphite 
Flake Number (Portevin). 


size of the graphite particles, is described. 
This method, of course, involves count- 
ing individual graphite flakes at 4 
number of positions on a given specimen. 
Acknowledgment was made to Jeffries 
who used this method originally i 
estimations of grain size of metals. 

Portevin included in his classification 
the temper carbon form of graphite. 
He made, however, only an_ indirect 
reference to orientation of graphite 
flakes asa variable. 
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. After describing possible mathematical Both of these charts were based upon _ 
‘ means of arriving at flake size or number experiences with actual sizes and types 
ng by various procedures, Portevin added: of graphite observed in a large number | 
In “A fineness type scale for graphite could of microsections from iron castings , 
mi be established by means of photomicro- embracing a wide range in as-cast section © 
“a graphs expressing fineness as in the case _ size and alloy type. 
i of ‘grain size’ in steels.” In conclusion, This work further emphasized the use 
wr he suggested the establishment of: of suitable magnifications. It was sug- 
1. Two series of drawings (supplemented gested that a preliminary examination — 
yds where necessary by photomicrographs) showing be made of every microsection at low 
the the forms or aspects characteristic or typical: magnification in order to observe the 
(a) degree of uniformity of flake size or 
(b) Of the distribution of the graphite in the tyne. A method of recording structure’ 
cast iron. Each series should carry a : . i 
designation to be adopted and chosen in corresponding to that used for mixed 
accordance with the principles that we fain Size in steels was suggested in order 
have herein recalled. to take full cognizance of existing 
2. A scale of fineness for graphite, supple- yarjations. Thus,a microsection showing. 
mented by a method for evaluating the size of » haw! cater 
the particles. two areas each having a characteristic 
; In this way would be established at the same flake size and type would be classified 
time exact correspondence between the terms by observing the approximate relative 
used in different languages from now on. areas and the size number and type 
Portevin’s suggestions have since been letter found in each. In the venpeaneedl . 7 
tried out by Szczawinsky (8) and co- illustrated, it was interesting to note 
. workers who report that the determina- how misleading would have been any 
tion of flake size with the aid of the Judgment of the specimen based upon 
circumference of a circular area is 2" examination of either of the photo- 
adequate for practical use. These in- ™crographs taken only at a magnifica- 
vestigators did not favor the method of 0? of 100. — ; 
using a comparison chart of standard In the bibliography in the Appendix, 
photomicrographs. a number of additional references are 
ircum- By coincidence, a few days following cluded. Those most directly asso- 
aie the reading of Professor Portevin’s paper, ciated with the problem, however, have ; 
a paper by Mahin and Hamilton (9) been summarized above. 
on t subj 
ai he same subject was presented at the Committee Action: 


1937 annual meeting of the American 
Society for Testing Materials in New 
‘ibed. York City. These authors proposed two 


At their various joint meetings, the 
two committees have discussed 


ount: standard charts for the evaluation of the question of a standardized classification © 
at 4 graphite variable. One of these consisted for graphite in gray cast iron, and have 
jmen. of eight photomicrographs taken at a agreed to offer as tentative the Recom- 
offries magnification of 100 and showing ex- mended Practice for Evaluating = 
ly in amples of eight ranges in flake size to be Microstructure of Graphite in Gray 
vetals. designated as Nos. 1, 2, etc., up to No. 8. Iron which accompanies this report.? 
cation The other chart, showing four example This is to be sponsored jointly by 
phite. photomicrographs, set forth four pro- Committee A-3 of the American Society 
direct posed standard graphite flake types, for Testing Materials and by the Amer- 
aphite designating these as types A, B, xl 2 This recommended practice was accepted as tentative 


by the Society and appears in the 1940 Supplement to Book 


of A.S.T.M. Standards, Part I, p. 300. 


and D. 
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_ ican Foundrymen’s Association. 


d 


It in- 
cludes (/) a chart illustrating standard 
graphite flake lengths, based upon that 
proposed by Mahin and Hamilton, 
(2) a chart illustrating types of graphite 


flake structure with respect to distribu- 


tion and orientation, as proposed by 
Mahin and Hamilton with one addition 
suggested by Portevin, (3) directions for 
the use of these charts in practical 


metallographic work, and (4) an ap- 


pendix describing a suitable method for 
polishing cast iron specimens so that 
the character of the graphite flakes can 
be properly appreciated. 

This work is limited to the flake type 
of graphite, temper carbon not being 
considered. The method recommended 
is that of comparison of a given structure 
with a set of standards. It was decided 
not to sponsor the more tedious method 
of measuring or counting individual 
graphite flakes in an effort to arrive at a 
mathematically accurate representation 
for the field so studied. It was believed 
that such attempted accuracy is un- 
warranted in view of inherent non- 
uniformity in cast iron. 

This work does not embrace the 
possible means of controlling graphite 
flake type and size and their effects upon 
mechanical properties. The latter studies 
will be much more important and far 
reaching but can proceed effectively 
only when suitable standards of micro- 
structure are generally available. 

The reference standards included in 
the proposed recommended practice? 
are in no way to be construed as specifi- 
cations. The preparation of specifica- 
tions based in any way upon these 
reference standards must await the 


time when knowledge is available re- 
garding means of control of graphite 
type, size, and distribution, and the 
resultant effects upon mechanical proper- 
ties. The standards are offered at this 
time primarily to permit accurate re- 
porting of microstructures of gray iron 
and to facilitate the comparison of 
reports by various workers or labora- 
tories. 
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Committee A-5 on Corrosion of Iron 
and Steel has held two meetings during 
the past year: one on June 25, 1940, 
during the annual meeting of the Society 
in Atlantic City, N. J., and the other on 
March 4, 1941, at the spring group 
meetings of A.S.T.M. committees in 
Washington, D. C. 

Since the last report, 2 new members 
have been elected and 1 member has 
resigned; the committee membership 
now totals 128, of whom 58 are classified 
as producers, 42 as consumers, and 28 
as general interest members. 


J. Apoption oF TENTATIVE STANDARDS 
AS STANDARD 


The committee recommends that the 
following three tentative standards be 
approved for reference to letter ballot 
of the Society for adoption as standard, 
with revisions in the two specifications 
as indicated below: 

Tentative Specifications for Zinc-Coated 
Steel Wire Strand (“Galvanized” and “Ex- 
tra Galvanized”)(A 122-39 T),' revised as 
follows as proposed by Subcommittee VI 
to supersede the present Standard Speci- 
fications for Zinc-Coated (Galvanized) 


Iron or Steel Wire Strand (Cable) 
(A 122 33): 
Title.—Change to réad as follows: 


Specifications for Zinc-Coated Steel Wire 
‘Strand (“Galvanized” and Class A (“Extra 
Galvanized’’)). 

Section 16.—Omit Paragraph (a) 
which reads as follows, renumbering 
Paragraph (b) as Section 16: 


11939 Book of A.S.T.M. Standards, Part I, p. 917. 
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(a) The permissible variations from the 
calculated diameter of the strand shall conform 
to the requirements prescribed in Table IV. 

Table IV.—Omit Table IV which lists 
the permissible variations in diameter of 
finished strand and renumber Table V 
accordingly, changing the reference to 
Table V in Section 16 (6) to Table IV. 

Section 18.—Change the last sentence 
to read as follows by the addition of the 
italicized words: 

Each coil or reel shall have a strong tag 
securely fastened to it showing the length, size, 
grade of the strand, class of coating, A.S.T.M. 
designation A 122, and the name or mark of the 
manufacturer. 

Tentative Specifications for Zinc-Coated 
Steel Wire Strand (Class B and Class C 
Coatings) (A 218-39T),? revised as 
follows as proposed by Subcommittee 
VI: 

Section 16 and Table IV.—Make the 
same changes as recommended above for 
Specifications A 122. 

Section 18.—Change the last sentence 
to read as follows by the addition of the 
italicized words: 

Each coil or reel shall have a strong tag 
securely fastened to it showing the length, size, 
grade of the strand, class of coating, A.S.7.M. 


designation A 218, and the name or mark of the 
manufacturer. 


Tentative Method of Test for Uniformity 
of Coating by the Preece Test (Copper 
Sulfate Dip) on Zinc-Coated (Galvanized) 
Iron or Steel Articles (A 239-40T);' 
proposed by Subcommittee VII to super 

2 1939 Book of A.S.T.M. Standards, Part I, p. 922. 


3 1940 Supplement to Book of A.S.T. M. ‘Standards, 
Part I, p. 288. ; 
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sede the Standard Method of Test for 
Uniformity of Coating by the Preece 
Test (Copper Sulfate Dip) on Zinc- 
Coated (Galvanized) Iron or Steel Wire 
(A 191 - 38), and the Tentative Method 
of Test for Uniformity of Coating by the 
Copper Sulfate Dip Test (Preece Test) 
on Zinc-Coated (Hot-Galvanized) Steel 
Castings and Forgings, Gray-Iron and 
Malleable-Iron Castings (A 208 - 38 T). 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, which consists 
of 128 members; 94 members returned 
their ballots, with the results shown in 


Table. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


A N Marve 
| Affirm- | Nega- | Mar 
Items | ative tive “Not 

| 


Voting” 


I. ADOPTION OF ‘TENTATIVE 
STANDARDS AS STANDARDS 


Spec. for Zinc-Coated Steel 
Wire Strand (‘‘Galvanized” 
and “Extra Galvanized’) 
(A 122 ~ 39 T), as revised, to 
supersede Standard Specifi- 
cations A 122 - 33 a 71 1 22 

Spec. for Zinc-Coated Steel 
Wire Strand (Class B and 
Class C Coatings) (A 218 - 
08 67 3 24 

Test for Uniformity of Coating 
by the Preece Test (Cop- 
per Sulfate Dip) on Zinc- 
Coated (Galvanized) Iron 
or Steel Articles (A 239 - 
40T), to supersede Stand- 
ard Method A 191 - 38 and 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee III on Inspection of 
Annapolis Tests (E. S. Taylerson, chair- 
man).—The specimens of copper-bearing 
and non-copper-bearing corrugated black 
sheets that have been exposed at An- 
napolis, Md., since October 17, 1916, 
were inspected on May 6, and on October 
14,1940. At the May inspection it was 
found that 12 sheets had failed: namely, 
C16, Di, H2, H9, H16, M11, M12, 
M13, T2, T5,T13 and Y2. In October 


17 sheets were recorded as failures: 
namely, B28, E4, H3, H11, 12, M1, M3, 
M4, M5, M7, M8, M9, T8, T9, T11, 
T12, and V5. All of the failures to date 
are in the No. 22-gage material. A 
summary of the failures to date is given 
in the accompanying Table II. 
Subcommittee V on Total Immersion 
Tests (W. J. Jeffries, chairman).—With 
the exception of sample plates which 
were built into tank ships, all of the 
specimens exposed in the various tests 
carried on by this subcommittee have 
now been removed and the tests dis- 
continued. 


A final report on the behavior of the 
low-copper and high-copper seamless 
steel pipe specimens which were exposed — 
from 1927 to 1939 in sea water at 
Portsmouth, N. H., and Key West, Fla., _ 
has been completed and is being given 
further study. It will be ready for 
publication next year. 

A final report is still to be made on the 
riveted plate test specimens and on the 
plates built into tank ships. The sub-— 
committee plans to submit these reports — 
and a report summarizing the results 
obtained from all of the tests carried out | 
by the subcommittee for the 1942 annual — 
report. 

Subcommittee VI on Specifications for 
Metallic-Coated Products (T. R. Gallo- 
way, chairman).—As is indicated earlier 
in this report, the subcommittee pro- 
poses that Specifications A 122-39T 
and A218-39T covering galvanized 
strand be adopted as standard with 
minor changes, and that Standard Speci- 
fications A 122 - 33 be discontinued. °r 

The Section on Zinc-Coated Sheets is 
actively engaged in an attempt to recon- _ 
cile differences between the A.S.T.M. 
and Federal specifications and hopes to’ 
propose a revision of the Tentative 
Specifications for Zinc-Coated (Galvan- 
ized) Iron or Steel Sheets (A 93 — 38 T) 
next year. The specifications will, 
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therefore, be continued as tentative for 
another year. 

Proposed revisions in the Standard 
Specifications for Zinc-Coated Iron or 
Steel Chain-Link Fence Fabric Galvan- 
ized After Weaving (A 117-33) are 
developing slowly. The basis for speci- 
fications for chain-link fence galvanized 
after weaving has been discussed, but a 
satisfactory conclusion has not yet been 
reached. 

Discussion is under way of proposed 
changes in the sampling methods in- 
corporated in the Tentative Specifica- 
tions for Electrodeposited Coatings of 
Zinc on Steel (A 164—40T), and for 
Electrodeposited Coatings of Cadmium 
on Steel (A 165-40 T). These specifi- 
cations will, therefore, be continued as 
tentative for another year. 

The Tentative Specifications for Elec- 
trodeposited Coatings of Nickel and 
Chromium on Steel (A 166 — 40 T) have 
been transferred to the jurisdiction of 
the new Committee B-8 on Electro- 
deposited Metallic Coatings. 

Mr. B. J. Barmack has been appointed 
chairman of a Section on Galvanized 
Hardware, and it is expected that the 
organization of this section will be com- 
pleted shortly. 

Subcommittee VII on Methods of Test- 
ing (R. W. Baker, chairman).—As 
indicated earlier in this report, this 
subcommittee is proposing that the 
Preece test Method A 239-40T be 
adopted as standard and that Method 
A191 ~ 38 covering the Preece test for 
wire products and Method A 208 — 38 T 
covering the Preece test for castings, 
forgings, etc., be withdrawn. 

Jurisdiction over the Tentative Meth- 
ods of Test for Local Thickness of 
Electrodeposited Coatings on Steel 
(A 219 — 40 T) has been turned over to 
the newly organized Committee B-8 on 
Electrodeposited Metallic Coatings. 

Subcommittee VITI on Field Tests of 


Metallic Coatings (R. F. Passano, chair- 
man).—The major part of the sub- 
committee’s report for this year is 
concerned with the observations of the 
Wire Inspection Committee. Its report 
is appended hereto. From observations 
made so far on specimens removed from 
the wire tests (25 per cent of the speci- 
mens have been removed from Pitts- 
burgh, Pa., and 10 per cent from Bridge- 
port, Conn.), the following tentative 
conclusions seem justified: 

1. On zinc-coated specimens the 
amount of protection increases with 
increase in the weight of coating. 

2. The rate of loss of coating on zinc- 
coated specimens is greater on small 
diameter wires than on the larger 
diameter wires. 

3. The rate of loss of base metal is 
more rapid on the smaller diameter wires 
than on the larger diameter wires. 

4. The relative rate of corrosion at 
Pittsburgh, Pa., is approximately six 
times that at State College, Pa., while 
Bridgeport, Conn., and Sandy Hook, 
N. J., are about twice as active as 
State College. 

Inspection of the hardware specimens 
indicates that many of these specimens 
have served their useful life. They will, 
therefore, be removed from the test. 
Those of the remaining specimens in 
which there is a continuing interest will 
be retained, but the specimens will be 
consolidated into a smaller place. It is 
expected that a report on the hardware 
test will be included in the next annual 
report of the committee. 

Inspections of the sheet specimens 
have been carried out. Special atten- 
tion has been given to the unusual type 
of failure from underneath the sheet 
which was observed at Key West, Fla., 
and reported last year‘ and to the loss-of- 
weight determinations at Sandy Hook, 


‘Proceedings, Am. Soc. Testing Mats., Vol. 40, p. 106 © 
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N. J., in the spring and in the fall to de- 
termine whether there is a difference in 
rate of corrosion during the summer and 
winter seasons. 

The subcommittee has been doing 
some work on analyses of the coat- 
ings on sheet specimens which were 
retained when the original specimens 
were exposed to the atmosphere. Un- 
explainable differences in the analyses 
have occurred in the results given by 
spectroscopic methods and wet chemical 
methods. A_ section of the subcom- 
mittee has, therefore, been appointed to 
consult with the National Bureau of 
Standards which made the referee 


analyses for the wire test specimens. 
At the request of Subcommittee VI, 
some hand-dipped specimens of zinc- 


coated sheets are being prepared with 
varying amounts of aluminum in the 
coating. It is planned to expose these 
to see whether any difference in behavior 
can be traced to the amount of aluminum 
in the coating. 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 128 members; 94 members re- 
turned their ballots, of whom 88 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
W. H. FINKELDEY, 
Chairman. 
T. R. GALLoway, 
Secretary. 
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REPORT OF WIRE INSPECTION COMMITTEE ON FIELD TESTS 
OF WIRE AND WIRE PRODUCTS 


(Covers 1939 and 1940 Inspections) 


Nore.—Reference to the previously published 
report of Subcommittee VIII on Field Tests of 
Metallic Coatings, of Committee A-5 on Corro- 
sion of Iron and Steel, which appeared in the 1939 


| Proceedings,! will be helpful in certain studies of 


this exposure test because it contains all the data 
assembled in inspections prior to 1939, descrip- 
tions of the test methods as well as photomicro- 
graphs and other characterizations of specimens 
in the test. 

This report presents the results of the 
atmospheric corrosion tests on wire and 
wire product specimens after exposure 
for about four years at each of eleven 
locations. These eleven test sites have 
atmospheres of divers types, including 
severely industrial, mildly industrial, 
seacoast, and rural. At each location 
more than 900 specimens were exposed. 
These included short lengths of wire (42 
in. long) and wire strand at all locations; 
farm-field fence at nine sites; barbed 
wire at eight locations; and chain-link 
fence at eight places. Previous reports? 
show the details of the locations and of 
the number and nature of the test speci- 
mens involved. 

The extent of corrosion on specimens 
is being measured by the following: 

1. Visual examination at the test loca- 
tions either semiannually or annually, 
depending on the corrosiveness of the 
test site atmosphere. At the time of in- 
spection, records are made of the appear- 
ance of every wire and wire product 
specimen at each test site. The records 
are 

(a) Qualitative descriptions prior to 

the time of the appearance of rust or 

agar edines, Am. Soc. Testing Mats., Vol. 39, p. 99 

Ibid., p. 156. 
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rust-resembling corrosion products, 

that is, the specimens are noted as ap- 

pearing “metallic,” “gray,” “brown,” 

“black,” etc. 

(b) Quantitative estimations after 
the appearance of rust or rust-like cor- 
rosion products. Estimates are made 
of the percentage of area in each speci- 
men that has actually rusted and the 
percentage that is “yellowed,” seem- 
ingly by iron corrosion products, but 
has not yet shown actual rusting of the 
base metal. 

2. Tension tests on the unfabricated 
wire specimens. ‘These are the speci- 
mens exposed in heptads, that is, seven 
specimens taken from the same lot of wire 
and supposedly alike. An attempt is 
made to remove and test the first speci- 
men of each heptad when it has lost 5 
to 10 per cent of its strength; the seventh 
specimen, when it has lost some 75 per 
cent of its strength; and the intermediate 
five specimens when they have lost suita- 
ble proportions of their strength. 

The records of progressive loss of 
strength of the unfabricated wire speci- 
mens will afford an indication of the rate 
of loss of strength of the wires in the 
farm fence and barbed wire specimens, 
because wire from nearly every lot used 
in the fabrication of the fences and 
barbed wires is also under test as un- 
fabricated wire. 

3. Loss of w eight tests are being made 
on lengths of zinc-coated wire (each 
about 42 in. long) carefully weighed and 
measured before exposure. There are 
144 wires (16 alike of each of 9 wire lots) _ 


| 
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\y 
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exposed at each of the‘locations of Pitts- 
burgh, Pa., Sandy Hook, N. J., and State 
College, Pa. These wires originally 
carried weights of coating of 0.66 to 1.04 
oz. per sq. ft. The working scheme for 
handling these specimens at each loca- 
tion is to remove one-fourth at a time 
the first quarter when they have lost a 
relatively small percentage of their coat- 
ing; the last quarter when most of the 
coating has gone but before significant 
rusting has occurred; and the inter- 
mediate two one-quarter lots when they 
have lost suitable proportions of their 
coating. 

Semiannual inspections have been 
made at Pittsburgh, Pa., Bridgeport, 
Conn., Sandy Hook, N. J., and State 
College, Pa., by a traveling committee 
and annual inspections have been made 
at the other test sites by the university 
people in charge of the test plots. The 
roster of these university people remains 
the same as that published in the 1939 


report,' except that L. W. Neubauer has 


replaced J. D. Long as the Wire In- 
spection Committee’s representative in 
charge of the University of California 
test sites at Davis and Santa Cruz, Calif. 


Findings from Visual Examination for 

Corrosion at the Test Plots: 

The detailed corrosion inspection rec- 
ords collected in 1939 and 1940 are pre- 
sented in Table I for unfabricated wire 
specimens, Table II for barbed wire, 
Table III for farm-field fence, Table IV 
for chain-link fence, and Table V for 
wire strand. A study of this mass of 
detailed data brings out certain signifi- 
cant observations and inferences noted 
below. 

Peculiarities of the Data. Occasionally 
a specimen which has become yellowed 
or rust stained has been reported as 
rusted on a particular inspection date 
and then judged to be not yet actually 


Report or Committee A-5 


rusted at the time of the next inspection 
six months later. Table I identifies all 
such specimens (a total of 17) by an 
asterisk. A review of the data indicates 
that the premature observations of rust 
were made largely by a few members of 
the inspection committee who were less 
experienced than others who have been 
inspecting zinc-coated sheets, hardware, 
or wire products for several years. 

These occasional reports of premature 
rusting should have no bearing on final 
interpretations of data or conclusions 
that may be drawn. They become po- 
tential causes of misinterpretation only 
when the data of individual reports are 
considered without reference to the data 
of later reports. 

Unfabricated Wire Specimens Carrying 
Zinc Coatings.At Pittsburgh, com- 
plete rusting has occurred on all speci- 
mens carrying coatings of 1.0 oz. per sq. 
ft. or less; partial rusting has taken place 
on specimens in the group range of 1.2 
to 1.8 oz. per sq. ft. coatings; but no 
rusting has started on specimens carry- 
ing coatings of 2 oz. per sq. ft. or more. 
At Bridgeport and at Sandy Hook, com- 
plete or nearly complete rusting has 
occurred on specimens in the groups 
carrying coatings of 0.45 oz. per sq. ft. or 
less; partial rusting has taken place on 
specimens in the groups having coating 
in the range of 0.45 to 0.60 oz. per sq. ft. 
at State College, Pa., and at Lafayette, 
Ind., rusting is beginning on a few of the 
lightest coated specimens (0.20 to 0.35 
oz. per sq. ft. range). At all of the other 
test sites all zinc-coated unfabricated 
wire specimens are still unrusted. 

Table A summarizes the corrosion cot- 
dition of the zinc-coated unfabricated 
wire specimens after exposure for about 
four years at each of the eleven test sites. 

Figure 1 shows the progressive de 
velopment of rust of all groups of wire 
which have become 100 per cent rusted. 
In this figure there are two instances it 
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which a lighter-weight coating group out- 
lasted a heavier-weight group—the 0.65- 
oz. Pittsburgh group lasted longer than 
the 0.75-0z. group, and the 0.47-oz. 
group longer than the 0.56-0z. group. 
In both instances, the lighter-weight, 
longer-lasting group is made up of 
heavier gage wires (Nos. 6, 9, and 11 
gage) and the shorter lasting group of 
lighter gage wires (Nos. 125 and 14} 
gage). ‘These reversals are not incon- 
sistent with other findings brought out 
in this report. 

Figure 2 shows the time for appearance 
of first rust in relation to the weights of 
coating on all specimens at Pittsburgh 
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nickel alloy steel wires retain their origi- 
nal metallic luster longer than the 13 to 
14 per cent chromium alloy steel wires, 
Nearly all of the lead-coated wires at all 
locations show some pin-hole rusting. 

Barbed Wire and Farm-Field Fence. 
These products are exposed at all loca- 
tions except Pittsburgh, Sandy Hook, 
and Bridgeport. The specimens in the 
0.20 to 0.30 oz. per sq. ft. group show 
some rust at Lafayette, and rusting on the 
barbs has occurred among specimens of 
this group at State College, Ithaca, and 
Santa Cruz. The lead-coated barbed 
wire specimens show some pin-hole rust 
at most locations. 


TABLE A.—CORROSION CONDITIONS OF ZINC-COATED pA na WIRES AFTER APPROXI- 
MATELY FOUR YEARS’ EXPOSU 


R = rust; Y = yellowed; G = = ‘Bray; M = metallic; MG and cy = intermediate states. 


Pittsburgh, Pa. 

Sandy Hook, N. J... 
Bridgeport, Conn... 
State College, Pa. 
Lafayette, Ind. 

Ames, Iowa... 
Manhattan, Kans. ...... 
Ithaca, N. Y. 

Santa Cruz, Calif. 
College Station, Tex... 
Davis, Calif. 


and at Sandy Hook which have started 


to rust. Each point on the plotting 
represents an individual specimen. If 
the time required for rust to appear was 
always proportional to the coating 
weight, then all of the points would lie 
on the straight line (unbroken line) 
drawn from the origin through the aver- 
age point of all of the points. 
Unfabricated Wire Specimens Carrying 
Coatings Other Than Zinc.—The copper- 
covered wires show no rusting at any 
location. The uncoated corrosion-re- 
sistant steel wires show superficial corro- 
sion or yellowing (often in a spotted 
pattern) at several locations. Generally 


_ the 18 per cent chromium, 8 ‘per cent 


Coating Group, oz. per sq. ft. of surface 
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Rusting of farm-field fence specimens 
has started among the two lightest 
weight coat groups (0.20 to 0.30 and 
0.25 to 0.35 oz. per sq. ft.) at Lafayette. 
Also, fence No. 215 shows slight rusting 
at State College, Ithaca, and Davis. 
Lead-coated fences generally show the 
pin-hole rusting and yellowing charac- 
teristic of all lead-coated specimens in 
the test. 

The corrosion performance of any in- 
dividual specimen of barbed wire or of 
farm-field fence listed in Tables II and 
III may be directly compared with the 
performance of specific unfabricated 
wire specimens. The interior line and 
stay wires of every fence, the top and 
bottom line wires of every fence, and the 
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line wires of every barbed wire specimen 
are made of wire of an identified lot 
number. These same lots of wire are 
usually under test as unfabricated wire. 
The Reference Information Table (Plate 
]) in this report shows the numbers of the 
wire lots used in fabricating all fence 
and barbed wire samples. 

Chain-Link Fence.—Chain-link fence 
is exposed at all locations except Ames, 
Manhattan, and College Station. At 


Pittsburgh rust is present on all the zinc- 
coated specimens except two carrying 
The corrosion-resistant 


heavy coatings. 
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TABLE B.—LOSS OF ZINC COATING, OZ. PER SQ. FT. PER YR. OF EXPOSURE4 


Findings from Weight Loss Specimens: 


At the start of the test 144 wires (16 
alike of each of 9 wire lots) were exposed 
at Pittsburgh, at Sandy Hook, and at 
State College. The test procedure plan 
was to remove the specimens one-fourth 
at a time from each location, taking the 
last quarter when the coating was nearly 
gone but before rusting started. All of 
the removals have been made from 
Pittsburgh (unfortunately rusting had 
begun on some specimens before the third 
and fourth removals were made). Table 


Original Pittsburgh, Pa.° 


State College, Pa. 


Coating Sandy Hook, N. J 
Wire Lot Weight,’ | — 
oz. per 1.48 1.94 | 2.45 2.93 1.44 2.41 3.45 1.30 3.31 
sq. ft. yr. yr. | yr. yr. yr. yr. yr. yr yr. 
Group A? 
No. 148........ 0.88t00.97 | 0.343 | 0.354 | 0.314 | ..... 0.114 | 0.107 | 0.104 | 0.069 | 0.058 
0.84t00.96 | 0.398 0.392 ji ..... 0.119 0.113 | 0.112 0.062 0.059 
No. 542. . 0.68to0.71 | 0.448 0.136 0.114 0.118 0.077 0.059 
Group B 
No. 247. | 0.91 to1.01 0.349 | 0.355 | 0.337 0.118 0.126 | 0.126 | 0.084 0.063 
No. 345....... 0.76 to 0.97 0.376 0.365 0.329 0.137 0.131 0.127 | 0.084 0.062 
No. 541 0.68 to 0.81 0.395 | 0.374 0.326 0.142 0.139 0.134 0.076 0.058 
Group C 


No. 248 0.66 to 0.92 0.349 | 0.315 
No. 348 1.02 to 1.07 0.359 0.343 | 0.368 
No. 540 0.68 to 0.72 0.428 | 0.377 | 


0.107 | 0.095 | 0.099 | 0.051 | 0.050 
0.328 | 0.112 | 0.099 | 0.100 | 0.065 | 0.049 
| 0.133 | 0.105 | 0.106 | 0.074 | 0.046 


“ The wires listed undey groups A, B, or C are closely alike as regards base metal composition and coating charac- 


teristics. 


’ Zinc coating weight determinations as given in the Report on Original Characteristics of Wire and Wire Products 
Involved in Field Exposure Tests, see Proceedings, Am. Soc. Testing Mats., Vol. 39, p. 101 (1939). y 
* Blank spaces under Pittsburgh heading indicate no data available because rusting had started at the times of re- 


moval dates. 


steel specimen is unrusted, and no rust 
had appeared on the copper-covered 
specimen up until the time of its un- 
authorized removal in 1939. At Sandy 
Hook and at Bridgeport only the three 
lightest zinc-coated specimens and the 
lead-coated specimens show any rust. 
At the other locations only the lead- 
coated specimens show any rust. 

Wire Strand. Wire strand, exposed at 
all locations, shows pin-hole rusting on 
the lead-coated strand at all locations 
and rust on the four lightest zinc-coated 
specimens only at Pittsburgh. 


VII shows the results obtained from the 
third and fourth removals from Pitts- 
burgh, from the second and third re- 
movals from Sandy Hook, and from the 
second removals from State College. 
The earlier removals from these three 
locations were reported on in the 1939 
report.” 

Reference to summary Table B shows 
the following: 

1. There is a tendency for the lighter 
gages of wire to lose coating somewhat 
faster than the heavier gages. 

2. There is an indication that there is 
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Bey decrease in the rate of coating loss 


with increasing periods of exposure. 
3. The over-all average annual loss of 


_ coating in ounces per square foot of sur- 


face at Pittsburgh is 0.369; at Sandy 
Hook it is 0.117; and at State College it 
is 0.063. 

There is riot a consistent indication 


a that any one of the three groups (A, B, 


_ or C) loses coating at a more rapid rate 


than the other two, although the data 


_ might be interpreted to indicate that 


_ group C loses weight at the lowest rate. 


The time required for first rust to 


appear on specimens thus far rusted at 


Pittsburgh and at Sandy Hook checks 


reasonably well with the time that would 
be expected from the data of the weight 


loss specimens. 


The observed times at 


- Pittsburgh are about 9 per cent longer 


than the calculated times and at Sandy 
Hook are about 11 per cent shorter than 
those calculated, as is shown in Fig. 2. 


Findings from Specimens Removed for 
Tension Tests: 


There were originally 840 tension 


_ strength specimens exposed at each site, 


except Lafayette and College Station 
(833) and Davis and Santa Cruz (798). 
In the 1939 report? there were reported 
the results of tension and elongation tests 
on 388 wires removed prior to 1939. 
Since then 345 additional wires have 
been removed, divided among the dif- 
ferent test sites as shown in Table C. 
The detailed results of the tests on these 
345 wires are shown in Table VI. 
Pittsburgh is the most corrosive of the 
test sites, with Sandy Hook rating next, 
and Bridgeport next. Of the eight test 
stations at colleges, Lafayette and State 
College appear the most corrosive. The 
remaining six college stations are all 
mildly corrosive but have not yet yielded 
sufficient data to definitely establish an 
order of rating. Table D intercompares 
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the test sites as regards percentage of loss 
of tensile strength per year on bare wires 
of different gages. The figures in this 
table should not be used for predicting 
the number of years wires will last at any 
given site because there is usually a tend- 
ency for the rate of strength loss to de- 
crease as the years of exposure increase, 

The studies to date have not developed 
an explanation of the findings reported 
in 1939 that many of the specimens in- 
creased slightly in strength after the 
original strength tests were made on the 
specimens. This strength increase tend- 
ency has now substantially completely 


TABLE C.—NUMBER OF TENSION SPECIMENS 
REMOVED FOR TEST. 

Number of Wires | 

Removed 1939 
to 1940 


E xposure Site 


‘otal 1939 to 


1940 
Removed During 1937 


Total Removed to 


cound | Zinc Coated 


Pittsburgh, Pa. 

Sandy Hook, N. J 
Bridgeport, Conn. 
State College, Pa... 
Lafayette, Ind. 
All Other Locations® 


Bare Steel | 


| Lead Coated 


= 


| 


w 


| 4 [345 | 388 | 


* From each of the six remaining sites (Ithaca, Ames, 


Manhattan, College Station, Davis, and Santa Cruz) 19 
bare steel wires were removed, total 114 wires. 


stopped. However, a few specimens re- 
cently removed from the least corrosive 
sites still show a slightly higher strength 
than their companion specimens tested 
before exposure (maximum increase, 4 
per cent). 

Tension tests on 32 lead-coated wires 
removed to date show no significant loss 
of strength for any of these wires. 

In Table E is arranged a compariso! 
of certain classes of specimens, as regards 
strength loss and calculated annul 
diameter decreases, the classes involved 
being those exposed at Pittsburgh, Sandy 
Hook, and Bridgeport from which thre 
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or more successive removals have been 
made. 

The first removals of all uncoated 
wires from these sites were made at the 
end of about one and one-half years. 
During this period, all had lost a much 
larger proportion of their original 
strength than they did in any subsequent 
corresponding period. (In Table E, in 
any of the columns headed with A’s or 
B’s compare the strength loss figures for 
1.48 and 2.93 yr.) 


rapidly than the low copper content 
specimens, but the difference does not 
yet appear significant at the other loca- 
tions. Even at Pittsburgh the difference 
is not very large. (In Table E, compare 
the horizontal figures in columns A; and 
B,, or Ae and Be, or Az and B;3.) 

The 1939 report? stated that (at that 
time) there was “no very clear-cut indi- 
cation that the lighter gage uncoated 
wires were being penetrated more rapidly 
than the heavier gage ones.” By now 


TABLE D.—LOSS OF TENSILE STRENGTH SHOWN BY EXPOSED UNCOATED STEEL WIRE. 


Loss in Tensile Strength Expressed in per cent per year of exr 


Original | 
Breaking 
Load, 


Ib. 


Wire Lot 


Sandy Hook, 
Conn. 


N. J. 
Bridgeport, 


Pittsburgh, Pa. 


OW WWOUNND 


Low-CopperR 


10. 
6. 


UF S 


7 
5 
6 
4. 
2 
3 
3 


The first removals of zinc-coated speci- 
mens were usually made soon after rusting 
started. In any unit length of time 
after rust appeared, the specimens had 
lost a larger proportion of their strength 
than they did in any subsequent corre- 
sponding period of time. (Intercompare 
the figures in column C of Table E, using 
the time figures in column T, to define 
what figures in column C should be inter- 
compared.) 

The copper-bearing uncoated wires at 
Pittsburgh are continuing to corrode less 


State College, 


Pr 


CoppErR-BEARING BARE STEEL 


UIs 


& 


re wpproximately four years exposure 


| 


Calif. 


Lafayette, In4 
Ames, Iowa 
Ithaca, N. Y. 
| Manhattan, 
Kans 
College Station, 
| Santa Cruz, 


| 


| 
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Conn 
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Can 


Re WHA 


| 


CORP 


there appears to be a trend for the lighter 
gage wires to undergo the more rapid 
penetration. (In Table E, note the 
figures within any column headed by D, 
E’s, or F’s, comparing the figures for the | 
different gages at corresponding ex-_ 
posure times.) 

The penetration experienced by zinc- 
coated wires in a unit time after rust 
starts appears to be usually about the 
same as or slightly less than the penetra- 
tion undergone by bare wires in a unit 
time after exposure. Just how precise 
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this relation will be remains to be deter- Telephone Laboratories for his assistance 


mined from future data. (Compare the in connection with the managerial work | 

penetration rates in column D with those involved in the inspection of specimens, 

of E, of Table E, selecting figures to the task of analyzing data, and the 

compare which relate to the same gages Preparation of this report. 

and which have corresponding exposure ; 

times.) Respectfully submitted on behalf of 
The chairman of the Wire Test Inspec- the Wire Test Inspection Committee, 

tion Committee wishes to express his 


C. D. Hocker, 
appreciation to A. P. Jahn of the Bell 


Chairman. 
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WIRE INSPECTION REPORT 


TABLE VII.—LOSS OF WEIGHTS OF ZINC-COATED WIRES. 


(Tests on unfrabricated wires weighed and measured before exposure.) 
Losses of Weight in ounces per square foot. 


| Group Group B* Group C? 
| 
Cams of Rack Exposure Rack Exposure Rack Exposure of Like 
Lot Wire Lot Wire Lot 
West East West | East West | East 
| Side | Side | Side | Side Side | Side 
PittspuRGH Exposures (2.45 yR.) 
( No. 148 | 0.810 | 0.757 
0.791 .779 0.784 
9 | No. 247 0.827 | 0.822 | No. 248 b b 
| 0.827 b, b 0.825 
1 No. 346 | 0.917 | 0.876 | No. 345 0.810 | 0.807 No. 348 | 0.901 | 0.898 
0.885 0.882 0.804 b 0.905 0.901 0.866 
14% | No. 542 6 6 No. 541 | 0.811 | 0.771 | No. 540 6 6 
b b 0.806 | 0.806 b b 0.798 
a ee 0.851 | 0.823 | Avg......... 0.814 | 0.801 | Avg......... 0.903 | 0.900 


PitrspurGcH Exposures (2.93 yr.) 


All Samples except Wire Lot No. 348 partly rusted. Wire Lot No. 348 showed coating loss of 0.949 and 0.966 oz. per 
sq. ft. for western exposure and 0.968 and 0.966 for eastern exposure; averaging 0.962 oz. per sq. ft. for the lot. 


Sanpy Hook Exposures (2.41 yr.) 


6 | No.148 | 0.255 | 0.245 | l | | | 
0.249 | 0.283 | | | 0.258 
9 No. 247 | 0.309 | 0.299 No. 248 0.225 | 0.238 
0.302 | 0.307 | 0.228 | 0.230 | 0.267 
il No. 346 0.267 | 0.204 | No. 345 | 0.304 | 0.326 | No. 348 | 0.234 | 0.240 
0.261 | 0.359 | 0.310 | 0.323 | 0.231 | 0.247 | 0.276 
4% | No. 542 | 0.276 | 0.325 No. 541 | 0.326 | 0.331 No. 540 | 0.248 | 0.258 | 
| 0.276 | 0.218 0.331 | 0.346 | 0.248 | 0.258 | 0.287 
b  acancak 0.264 | 0.272 | Avg......... 0.314 | 0.322 | Avg......... 0.236 | 0.245 | 
Sanpy Hook Exposures (3.45 yR.) 
6 | No.148 | 0.347 | 0.369 | | | “* 
0.340 | 0.381 | | 0.359 
9 | No. 247 | 0.437 | 0.428 | No. 248 | 0.338 | 0.354 4 
| | 0.431 | 0.434 0.336 | 0.342 0.387 
1 No. 346 | 0.386 | 0.393 | No. 345 | 0.440 | 0.446 | No. 348 | 0.333 | 0.349 an 
0.381 | 0.392 | 0.434 | 0.436 0.346 | 0.353 0.391 : 
144% | No. 542 0.394 0.411 No. 541 0.461 | 0.466 No. 540 0.367 | 0.368 ; 
| | 0.403 | 0.415 0.444 | 0.473 0.367 | 0.364 | 0.408 
0.375 | 0.393 | Avg.........0.441 | 0.447 0.348 | 0.355 
STATE COLLEGE Exposures (3.31 yR.) 
6 | No. 148 | 0.186 | 0.200 
0.194 | 0.194 0.193. 
9 | No. 247 | 0.207 | 0.203 | No. 248 0.165 | 0.161 
q | 0.204 | 0.221 0.158 | 0.163 0.185 : 
| No. 346 | 0.195 | 0.185 | No. 345 | 0.209 | 0.209 | No. 348 | 0.158 | 0.153 
2 | 0.195 | 0.205 0.201 | 0.206 0.174 | 0.156 0.187 | 
14% | No. 542 | 0.206 | 0.196 | No. S541 0.189 | 0.191 No. 540 | 0.171 | 0.160 
| | | 0.192 | 0.196 0.198 | 0.188 0.132 | 0.154 0.181 
0.195 | 0.196 | Avg......... 0.201 | 0.203 | Avg......... 0.160 | 0.158 
bee By reference to the published referee tests results, the wires listed under group A, (or B or C) will be found to be 
as regards base metal composition and coating characteristics. 


ples partly rusted, not included in the averages. 
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REPORT OF COMMITTEE A-6 


MAGNETIC 


Committee A-6 on Magnetic Prop- 
erties has held one meeting since its 
previous report: in Washington, D. C., 
on March 3, 1941, in conjunction with 
the spring group meetings. 

As suggested in the 1940 report, Sub- 
committee V on Magnetic Analysis has 
been discharged due to inactivity and 
the apparent lack of need for work on 
the part of the Society in this field. If 
any magnetic analysis problems arise 
in the future, the main committee is 
prepared to consider them. 

The memberhip of Mr. N. A. Kurman 
of the Kurman Electric Co. has been 
discontinued, due to his lack of interest 
as the result of inactivity in the field of 
magnetic analysis. 

Mr. T. Zuschlag has been appointed a 
member of Sucommittee IV. 


I. REVISION OF STANDARD 


The committee recommends for im- 
mediate adoption the revision in the 
Standard Methods of Test for Magnetic 
Properties of Iron and Steel (A 34 — 39)! 
indicated below, and accordingly asks 
for the necessary nine-tenths vote at the 
annual meeting in order that this 
modification may be referred to letter 
ballot of the Society. This revision is 
being recommended in view of the fact 
that the Modified Isthmus Method 
listed in the methods is now obsolete 
and that the High-H permeameter 
recently developed at the National 
Bureau of Standards gives satisfactory 
results. 


1 1939 Book of A.S.T.M. Standards, Part I, p. 516. 


ON 
PROPERTIES 


Section 7 (d).—Substitute the folloy. 
ing for the present paragraph relating 
to the ‘“‘Modified Isthmus Method:” 


High-H Permeameter.—This method as 4 
scribed in National Bureau of Standard 
Journal of Research, Vol. 23, p. 415 (1939 
suitable for tests at magnetizing forces f 
100 to 5000 oersteds. 


Il. ADOPTION OF ‘TENTATIVE STANDARI 


AS STANDARD 

Since no adverse criticisms have bee: 
received the committee recommend: 
that the Tentative Method of Test for 
Measuring Interlamination Resistance 
and Lamination Factor of Iron an 
Steel (A 34-40 T)? be approved with 
out change for reference to letter ball 
of the Society for adoption as standar 
This method, when adopted, will 
added to the Standard Methods of Tes 
for Magnetic Properties of Iron a 
Steel (A 34 — 39). 


III. ApDopTION AS STANDARD OF 
TENTATIVE REVISION OF 
STANDARD 

The committee recommends that t 
tentative revision® of the Standat 
Definitions of Terms, with Units a 
Symbols, Relating to Magnetic Testiti 
(A 127-39) be approved witho 
change for reference to letter ballot 
the Society for adoption as standard. 

These recommendations have beé 
submitted to letter ballot of the co 


21940 Supplement to Book of A.S.T.M. 
Part I, p. 307. 
31939 Book of A.S.T.M. Standards, Part I, p. 
1940 Supplement to Book of A.S.T.M. Standards, Pat 
477. 


Standar 


p- 
41939 Book of A.S.T.M. Standards, Part I, p. >4 
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On MAGNETIC PROPERTIES = 


mittee which consists of 24 members; 
22 members returned their ballots, 
with the results shown in Table I. 


TABLE I._ANALYSIS OF LETTER BALLOT VOTE, 
Ballots 
Affir- | Nega- | Marked 
| mative | tive “Not 
| Voting” 


RevIsSION OF STANDARD 

Methods of Test for Magnetic | 
Properties of Iron and Steel | 
A 34-39), immediate adop- | 
uon 


I. ApopTion OF TENTATIVE 
STANDARD AS STANDARD 

Method of Test for Measuring 
Interlamination Resistance 
and Lamination Factor of 
Iron and Steel (A 34 - 40 T) 


II]. ADOPTION AS STANDARD OF 
TENTATIVE REVISION OF 
STANDARD 
n tions of Terms, with | 
Units and Symbols, Relating 
Magnetic Testing (A 127 - 


| 22 0 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee III on Direct Current 
Test Methods (B. M. Smith, chairman). 
As a means of obtaining an absolute 
check on the accuracy of permeameters 
for use with high coercive force materials, 
ich as Alnico, a link sample of this 
material was prepared by the General 
Electric Co. This material had a co- 
ercivity of over 400 oersteds. The link 
was checked as a ring by the National 
bureau of Standards and the General 
Electric Co. up to 1000 oersteds. The 
nk was then cut to give two straight 
vars which have been tested in various 
permeameters by the General Electric 
Co., the National Bureau of Standards, 
the Simonds Saw and Steel Co., and 
Mr. F. P. Fahy up to 1000 and 2000 
versteds. ‘The check results are remark- 
ably close in general, indicating that 
‘ests on these materials with certain 
‘pproved commercial permeameters may 
ve made with confidence. A _ little 
ter it is expected that the limits of 
accuracy of these permeameters may be 
specified as a result of these tests. 


A method for testing low permeability 
materials was submitted by Mr. B. M. 
Smith of the General Electric Co. A 
few minor changes were suggested, and 
it is hoped that a detailed proposed 
method can soon be prepared. 

Subcommittee IV on Alternating Cur- 
rent Test Methods (J. P. Barton, chair- 
man).—As mentioned in the previous 
report, two sets of interlaboratory 
tests on 25 cm. Epstein test specimens 
are now in progress. One set, initiated 
by the Westinghouse Research Labora- 
tories and tested there, has also been 
completed by the American Rolling Mill 
Co. and the Carnegie-Illinois Steel Corp. 
These specimens are now at the General 
Electric Co. Tests are being made for 
core loss and alternating-current per- 
meability with double lapped joints and 
for core loss with butt joints. Ballistic 


tests are also being made with double 
lapped joints in the 25 cm. test frame and 
with the Fahy simplex permeameter. 


In general the test results check fairly 
well, but there are some discrepancies 
which need to be ironed out. [If suffi- 
ciently close checks are obtained between 
the alternating-current permeability 
tests and the ballistic tests, it is possible 
that ultimately the ballistic tests may 
be eliminated in the commercial testing 
of laminated materials. 

The second series of interlaboratory 
test specimens has to do with incre- 
mental permeability tests, which are 
also being made on 25 cm. Epstein 
specimens. Magnetic properties of lam- 
inated materials under the combined 
influence of alternating-current and 
rect-current magnetizing forces are of 
importance in connection with materials 
for use in certain radio and amplifier 
applications and for transformers used 
in certain rectifier circuits. The teeth 
of rotating machines are also subject to 
similar conditions. These test speci- 
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mens were initiated by the Bell Tele- 
phone Laboratories, Inc., and have been 
tested by The Western Union Telegraph 
Co. They are now at the Westinghouse 
Electric and Manufacturing Co. The 
checks so far obtained have been very 
good, and the test procedure seems to 
be fairly well established. The chief 
difficulty in the procedure resulted from 
the change in magnetic properties with 
time, following the derragnetizing proc- 
ess when testing at low inductions. 


ion 


This report has been submitted ty 
letter ballot of the committee whic 
consists of 24 members; 22 member 
returned their ballots, all of whom haye 
voted affirmatively. 


Respectfully submitted on behalf o 
the committee, 
THOMAS SPOONER, 


Chairman. 
R. L. SANFORD, 
Secretary. 
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REPORT OF COMMITTEE A-9 


ON 


FERRO-ALLOYS 


Committee A-9 on Ferro-Alloys has 
not held a meeting since its last annual 
report to the Society in 1939. 

Subcommittee I on Specifications (E. 
A. Lucas, chairman) has continued to 
make some progress in the preparation 
of specifications for silicomanganese, 
ferrotitanium, and ferroboron. Un- 
fortunately, this work has not reached 
the point where the subcommittee is 
prepared to present these specifications 
for acceptance as tentative to the 
Society this year. 


ADOPTION OF ‘TENTATIVE STANDARDS AS 
STANDARD 


The Tentative Specifications for 
Spiegeleisen (A 98 — 39 T)! and the Ten- 
tative Specifications for Ferrochromium 
(A101-39T)! have been published 
since 1939 without revision. It accord- 
ingly seemed desirable that they be 
adopted as standard and a ballot was 
conducted in the committee on the 
recommendation that they be referred 
to letter ballot of the Society for adop- 
tion. The letter ballot of the committee 
which consists of 27 members resulted 


‘1939 Book of A.S.T.M. Standards, Part I, pp. 988, 986. 


as follows: 27 members returned their 
ballots with the following results: On 
Tentative Specifications A 98, 25 affirma- 
tive, 0 negative, and 2 ballots marked 
“not voting’; on Tentative Specifica- 
tions A101, 26 affirmative, and 1 
negative. 

Since there has been no opportunity 
to consider the negative viewpoint at a 
meeting, only the adoption of the Tenta- 
tive Specifications for Spiegeleisen 
(A 98-39T) on which the vote was 
unanimous can be considered at this 
time, unless the negative viewpoint can 
be clarified at a meeting of the committee 
held during the annual meeting. 


This report has been submitted to 
letter ballot of the committee which 
consists of 27 members; 27 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
CHARLES MCKNIGHT, 
Chairman. 


C. M. Logs, Jr. 
Secretary. 
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REPORT OF COMMITTEE A-10 
ON 


IRON-CHROMIUM, IRON-CHROMIUM-NICKEL, AND RELATED ALLOYs 


Committee A-10 on Iron-Chromium, 
Iron-Chromium-Nickel, and Related Al- 
loys held two meetings during the year: 
in Atlantic City, N. J., on June 24, 1940, 
during the annual meeting of the So- 
ciety, and in Washington, D. C., on 
March 3, 1941, during the spring group 
meetings. 

Several changes in committee person- 
nel have occurred during the year 
including one resignation with several 
changes in committee member represen- 
tation. ‘The present membership is 80 
of whom 34 are classified as producers, 
34 as consumers, and 12 as general 
interest members. 

The committee wishes to record its 
sorrow in the loss by death of Emery L. 
Lasier. 

Mr. B. H. DeLong has been ap- 
pointed to represent Committee A-10 on 
the recently organized Subcommittee on 
Definitions of Terms Relating to Heat 
Treatment of Committee E-8 on No- 
menclature and Definitions. This sub- 
committee will cooperate with the Joint 
Committee on Definitions of Terms Re- 
lating to Heat Treatment consisting of 
representatives of the American Society 
for Metals, Society of Automotive En- 
gineers, American Foundrymen’s Asso- 
ciation, and A.S.T.M., recently re- 
organized under the chairmanship of 
H. S. Rawdon, National Bureau of 
Standards. 

The preparation of specifications for 
bars and wire has been postponed while 
a specification for seamless stainless 
tubes for general corrosion service is in 
preparation. The standard specifica- 
tions for stainless steel castings are 


ultimately to be revised and improved 
when the proper information on physical 
properties is available. 

Subsequent to the 1940 annual meet- 
ing, Committee A-10 presented to the 
Society through Committee E-10 on 
Standards new Tentative Specifications 
for Corrosion-Resisting Chromiun- 
Nickel Steel Sheet, Strip, and Plate for 
Fusion-Welded Unfired Pressure Vessels. 
These specifications were accepted! by 
Committee E-10 on August 28, 1940, 
and appear in the 1940 Supplement to 
Book of A.S.T.M. Standards, Part | 
p. 280, bearing the designation A 240 
40 T. 


I. REVISIONS OF STANDARDS 


The committee recommends for in- 
mediate adoption, revisions in the fo- 
lowing specifications and accordingly 
asks for a favorable nine-tenths vote at 
the annual meeting in order that these 
modifications may be referred to letter 
ballot of the Society: 


Standard Specifications for Corrosion- 
Resisting Chromium Steel Sheet, Sinp 
and Plate (A 176 — 39):* 


Table I.—In order to bring thes 
specifications into accord with preseil 
commercial practice, change the requitt 
ment for maximum manganese contett 
for Type Nos. 430, 442, and 446 from 
“(50 per cent” to “1.00 per cent 


1 In submitting this recommendation to Committee EI 
on Standards, Committee A-10 reported results of 4 
letter ballot vote as follows: Of a total membership of 
43 members returned their ballots, of whom 35 volt 
affirmatively, 1 negatively, and 7 members marked the! 
ballots ‘“‘not voting.” 

21939 Book of A:S.T.M. Standards, Part I, p. 3 
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On [RON-CHROMIUM-NICKEL, AND RELATED ALLOYS 


Also change the requirement for maxi- 
mum silicon content for these types from 
“0.75 per cent” to “1.00 per cent.” 


Standard Specifications for Corrosion- 
Resisting Chromium-Nickel Steel Sheet 
Strip, and Plate (A 167 — 39),’ Corro- 
sion-Resisting Chromium Steel Sheet, 
Strip, and Plate (A 176 — 39),’ High- 
Strength Corrosion-Resisting Chromium- 
Nickel Steel Sheet and Strip (A 177 - 


In order to bring these specifications 
into agreement with the Tentative Speci- 
fications for Corrosion-Resisting Chro- 
mium-Nickel Steel Sheet, Strip, and 
Plate for Fusion-Welded Unfired Pres- 
sure Vessels (A 240-40 T), change the 
tem “yield point” to read “yield 
strength” wherever it occurs in these 
three specifications; also add the fol- 
lowing as a footnote to the table of 
physical test requirements in each of the 
specifications: 

Yield strength shall be defined as the stress 
causing 0.5 per cent extension under load. 


I]. ADOPTION OF TENTATIVE STANDARDS 
AS STANDARD 


The committee recommends that the 
following tentative standards be ap- 
proved for reference to letter ballot of 
the Society for adoption as standard 
with a revision in one as indicated below: 


Tentative Recommended Practice for Con- 
ducting Plant Corrosion Tests (A 224 
39 revised as follows: 

Section 5.—Add a Note 

Section 5 to read as follows: 


following 


1939 Book of A.S.T.M. Standards, Part I, pp. 363, 


‘Committee A-10 by action at its meeting on June 25, 
il, decided to rescind its recommendation as regards 
proposed revision in Standard Specifications A 177-39, 
‘nding further investigation of the determination of 
/ point in cold-worked metal. This action was sub- 
ently submitted to letter ballot of the committee 
i consists of 80 members; 54 members returned their 
ts of whom 47 have voted affirmatively, 3 negatively, 

4 members marked their ballots ‘‘not voting.”’ 


*1939 Book of A.S.T.M. Standards, Part I, p. 909. 
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Norte.—If quantitative results are desired, 
the number of specimens should be increased to 
four or five so that statistical studies can be 
made. 
Tentative Specifications for Corrosion- 

Resisting Chromium-Nickel Steel Sheet, 

Strip, and Plate for Fusion-Welded 

Unfired Pressure Vessels (A 240 - 

40 T),® without revision. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 80 members; 54 members have re- 
turned their ballots,- with the results 
shown in Table I. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE, 


Ballots 
| Marked 
| **Not 
|Voting”’ 


Affirma- Nega- 


Items tive tive 


I. REVISIONS OF STANDARDS 


Spec. for Corrosion-Resisting 
Chromium Steel Sheet, Strip, 
and Plate (A 176 - 39), im- 
mediate adoption 

Spec. for Corrosion-Resisting | 
Chromium-NickelSteel Sheet, 
Strip and Plate (A 167 — 39), 
immediate adoption 


II. ApopTion or TENTATIVE 
STANDARDS AS STANDARD 


Recommended Practice for 
Conducting Plant Corrosion 
Tests (A 224 - 39 T), as re- 
vised 

Spec. for Corrosion-Resisting | 
Chromium-Nickel Steel Sheet, 
Strip, and Plate for Fusion- 
Welded Unfired Pressure Ves- 
sels (A 240-40T)....... 14 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Classification of 
Data (KE. F. Cone, chairman; Russell 
Franks, secretary).-The data collected 
by the eight sub-groups on the various 
types of stainless steels are in the final 
stages of compilation, this work being 
undertaken by Russell Franks and F. L. 
LaQue with assistance from Society 
Headquarters. Publication can be ex- 
pected in the near future, certainly before 
the end of the year. 


61940 Supplement to Book of A.S.T.M. Standards, 
Part I, p. 280. 
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Subcommittee IV - Methods of Cor- 
rosion Testing (E. S. Taylerson, chair- 
man).--The Recommended 
Practice for Conducting Plant Corrosion 
Tests (A 224 —- 39 T),> with a minor re- 
vision, has been approved by the sub- 
committee for adoption as standard as 
indicated earlier in this report. The 
extensive atmospheric exposure tests on 
wire products, under the jurisdiction of 
Committee A-5 on Corrosion of Iron 
and Steel,’ are continuing with Com- 
mittee A-10 as an interested observer. 
Mr. C. C. Snyder is continuing to co- 
operate with Committee B-3 on Cor- 
rosion of Non-Ferrous Metals and Alloys 
as the representative of Committee A-10 
in connection with the galvanic couple 
tests being made by this committee 
between stainless steels and other metals. 
Work is still proceeding in the prepara- 
tion of a recommended practice for a 
general boiling liquid test without respect 
to any particular medium. 

Subcommittee V on Mechanical Tests 
(V. N. Krivobok, chairman).—This sub- 
committee has been relatively inactive 
for some time. The subcommittee has, 
however, been instrumental in securing 
a paper by Russell Franks and W. O. 
Binder on “The Stress-Strain Char- 
acteristics of Cold-Rolled Austenitic 
Stainless Steels in Compression as De- 
termined by the Cylinder Test Method’ 
which is to be presented at the annual 
meeting. This paper is a contribution 
from the Union Carbide and Carbon Co., 
Research Laboratories. 

Subcommittee VI on Metallography 
(Russell Franks, chairman).—-Work has 
been continued on correlating the results 
of metallographic examination of the 
18 per cent chromium, 8 per cent nickel 
type alloy steel after various heat treat- 
ments using the _Murakami’s etch and 


7 See p. 101. 
8 See p. 629. 
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the cyanide etch with results of boiling 
copper sulfate tests to determine seng. 
tivity toward intercrystalline attack. 4 
report on these observations will hx 
issued shortly by the subcommittee. 

Subcommittee VII on Welding (L. ¢. 
Bibber, chairman).—Contact has been 
maintained with the American Welding 
Society committees and the Engineering 
Research Foundation committees jp. 
volved in the welding of the stainless 
steels in order to provide the necessary 
liaison between Committee A-10 and 
those committees. 

Subcommittee VIII on Specification 
for Wrought Products (F. B. Foley, 
chairman).—-This subcommittee ha 
been relatively inactive during the past 
year due to lack of demand for specif- 
cations for bars and forgings. Consider. 
ation is still being given to the formuk- 
tion of specifications covering wit 
products. 

Subcommittee IX on Specifications fu 
Flat Products (C. C. Snyder, chairman), 

‘As mentioned earlier in this report, 
the subcommittee has prepared a revision 
in the Standard Specifications for Cor- 
rosion-Resisting Chromium Steel Sheet 
Strip, and Plate (A 176 — 39)? increasing 
the manganese and silicon contents fa 
types 430, 442, and 446 to 1 per cet 
maximum so that the chemical compos: 
tion requirements of these several typé 
will be in accord with current commerci 
practice. The substitution of “yiel 
strength” in place of “yield point” i 
the specifications for wrought stainles 
steel strip, sheet, and plate, as mentioné 
earlier in this report, is being made on tht 
recommendation of this subcommittee. 

During the year discussions were bu 
with representatives of the Technic 
Committee of the Dairy Industré 
Supply Association and the Intem 
tional Association of Milk Sanitaria 
relative to | Standardizing the quality ° 
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On Iron-CHROMIUM, IRON-CHROMIUM-NICKEL, AND RELATED ALLOYS 


the various surface finishes supplied on 
stainless steel products, particularly with 
respect to the development of definite 
standards for use in distinguishing be- 
tween the various finishes. Inasmuch 
as no accepted method of measuring 
finish is available, it is not possible to 
include in the A.S.T.M. specifications, 
a description of finish that could be 
designated numerically and be readily 
interpreted by inspectors in a uniform 
manner. Whenever measuring means 
of suitable simplicity and reliability are 
available, Committee A-10 can again 
take up this question. In the mean- 
time, the best means of assuring prod- 
ucts meeting requirements of the dairy 
industry is by comparison with standard 
samples and the providing of these 
standards can best be arranged for by 
the Stainless Steel Technical Committee. 
The Tentative Specifications for Cor- 
rosion-Resisting Chromium-Nickel Steel 
Sheet, Strip, and Plate for Fusion- 
Welded Unfired Pressure Vessels (A 240 - 
4)T), completed during the past year, 
were prepared as a result of a request 
from the A.S.M.E. Boiler Code Com- 
mittee. These specifications have been 
approved by the Boiler Code Committee 
and included in the Materials Section of 
the Boiler Construction Code. 
Subcommittee X on Specifications for 
Castings (W. J. Jeffries, chairman). 
Some overlapping of the work of this 
subcommittee with that of Subcom- 
mittee XII on Valves, Fittings, Piping 
and Flanges for High-Temperature Serv- 
ice, of Committee A-1 on Steel, has 
occurred as exemplified in the Standard 
Specifications for Chromium-Nickel Al- 
loy-Steel Castings (A 222-39). It is 
expected that some revision of the 
sveral specifications for castings under 
the jurisdiction of Subcommittee X will 
made following a joint committee 
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discussion and appraisal to be made by 
representatives from the American Pe- 
troleum Institute, the Alloy Castings 
Institute, and the A.S.T.M. 

Subcommittee XI on Specifications for 
Tubular Products (Newell Hamilton, 
chairman).—The subcommittee is work- 
ing on specifications for stainless steel 
tubes for general corrosion-resisting ap- 
plications. Specifications for heat-re- 
sisting alloy tubes have been already 
provided by Committee A-1, namely, 
the Tentative Specifications for Seamless 
Alloy-Steel Pipe for Service at Tem- 
peratures from 750 to 1100 F. (A 158 - 
40 T), Specifications for Seamless Car- 
bon-Molybdenum Alloy-Steel Pipe for 
Service at Temperatures from 750 to 
1000 F. (A 206 — 41 T), and the Standard 
Specifications for Seamless Alloy-Steel 
Boilerand Superheater Tubes (A 213-40), 
in which stainless grades are included. 


Committee A-10 has instru- 
mental in securing the paper by H. Pray, 
R.S. Peoples, and F. W. Fink on ‘“‘Addi- 
tion of Bismuth for Producing Free- 
Machining Stainless Steels’ to be pre- 
sented at this annual meeting, which 
describes investigations conducted at 
Battelle Memorial Institute as part of 
the research sponsored by the Alloy 
Castings Institute. 


This report has been submitted to 
letter ballot of the committee which 
consists of 80 members; 54 members 
returned their ballots of whom 52 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
JEROME STRAUSS, 
Chairman. 
H. D. NEWELL, 
Secretary. 


9 See p. 646. 
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REPORT OF THE RESEARCH COMMITTEE 


ON 


FATIGUE OF METALS 


_ The Research Committee on Fatigue 
of Metals held a meeting in connec- 
tion with the spring group meetings 
in Washington, D. C., on March 5, 1941, 
and reviewed the first draft of a report 
on the investigation of The Effect of 
Type of Testing Machine on Fatigue 
Test Results. At the meeting, various 
changes were suggested. The report of 
this investigation is presented as an 
Appendix to this report. 

During the year, the cooperative edi- 
torial arrangement with Metals and 
Alloys has been continued whereby this 
committee furnishes editorial service for 


abstracts of articles on fatigue of metals 


The committee has received an assigr 


ment of funds for the purpose of carrying 
on a study of size effect on fatiguy 
strength. If possible, a study of th 


effect of residual stresses in metals is als 
to be considered. Plans for carrying o 


this investigation were discussed at the 
Washington meeting, and are being mor 
definitely formulated at the present time 


Respectfully submitted on behalf 
the committee, 


H. F. Moonrg, 


Chairmas 
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THE EFFECT OF TYPE OF TESTIN 


meta 
assigr 
urrvine The object of this investigation was to 
fatiou: study the effect of different types of 
of tl fatigue testing machines on the endur- 
sis aly fg ance limit of metals and on the shape of 
ing out the (stress-cycle) diagram. 
at the Types or FatiGuE TesTING MACHINES 
ng More STUDIED 
rhe following types of fatigue testing 
shalf oi | machines were studied: 
1. Rotating-Beam Machine.—Ma- 
OORE, hines of the Sondericker-Ono type with 
airma. ‘9 equal loads spaced symmetrically 


long the length of a simple rotating 
beam loaded by means of dead weights 
ere used. The machines used in this 
vestigation were R. R. Moore machines 
designated R3). 

2. Rotating-Cantilever-Beam  Ma- 
hines.—In two of the cooperating 
iboratories, McAdam machines (des- 
ignated R4) were used. In these ma- 
chines the specimen is a_ rotating- 
intilever beam loaded at the free end 
ith dead weights. In another coop- 
erating laboratory a Krouse rotating- 
intilever machine (R1) was used for 
one series of tests, and a Boone-Wishart 
totating-cantilever machine (R2) was 
used for a second series. In both these 
machines the specimen is loaded at the 
free end through a lever with a movable 
weight sliding along it. 

3. Vibratory Flexural Machines.—In 
one of the cooperating laboratories a 
DeForest “Rayflex” machine (V1) was 
ued. ™ this machine the specimen is a 
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long strip or bar of metal, supported at 
the nodes on V-supports for free vibra- 
tion. The specimen is put into vibra- 
tion by a variable frequency alternating 
current magnet, tuned to the natural 
period of vibration of the specimen. 
Stress is controlled by varying the cur- 
rent in the alternating-current magnet, 
and stress is determined from the ampli- 
tude of vibration of the specimen, which 
in turn, is measured by viewing the 
vibrating specimen through a microscope 
with micrometer eyepiece. The speci- 
men is its own dynamometer. 

In another cooperating laboratory a 
Krouse fatigue machine for plates (V2) 
was used for one series of tests and a 
Moore-Shafer vibratory flexural machine 
(V3) was used for another series. In 
both these machines the specimen is 
vibrated as a cantilever beam by means 
of a variable-throw crank and a connect- 
ing rod. The deflection of the specimen 
is measured by a micrometer dial gage 
as the machine is turned over by hand, 
and each specimen before it is tested is 
calibrated as its own dynamometer by 
noting the deflection of the specimen 
under dead weights. 


In one of the cooperating laboratories, 


a Howell-Howarth fixed-cantilever type 
of machine (FC) was used. In this 
machine the specimen acts as the canti- 
lever fastened at one end. It remains 
stationary during the test. The other 
end of the specimen is deflected a 
measured amount by putting a pivoted 
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bearing in a rotating head a definite 
amount off center. The specimen is 
calibrated by dead weights for deflection 
and is thus its own dynamometer. This 
type of machine differs from the vibra- 
tory type in that as the free end of the 
cantilever is rotated in the circle, all the 
longitudinal fibers are subjected to 
reversed stress. 

4. Direct Axial Stress Machine (Ten- 
sion-Compression).--One Haigh machine 
(A1) was used. This machine is fitted 
with a pair of opposed two-phase alter- 
nating-current magnets which pull an 
armature first toward one magnet and 
then toward the other. One end of the 
specimen is attached to this armature 
and the other to the framework of the 
testing machine. Stress is controlled by 
varying the current flowing in the mag- 
nets, and load (and consequently stress) 
is measured by the electromotive force 
induced in auxiliary coils wound on the 
magnet cores. 

One Moore-Krouse machine (A2) was 
used. This machine applies pulsating 
(zero-maximum) tensile stress by means 
of a lever driven by a variable-throw 
cam, and steady compressive load is 
superimposed on the pulsating load by 
means of a helical spring, thus making 
possible any ratio from —1 to +1 of 
maximum to minimum load during a 
cycle of stress. The load (and con- 
sequently the stress) is measured by the 


variable amount of initial load on the 


heat 
specimen. Each machine can apply & ject 
cycles of stress to two specimens at the BF pris 
same time. ae 

the | 
Of the various types of machines noted, 
the rotating-beam machines are “con aver 


stant-stress” machines; that is, the load 

or moment on the specimen remains 

constant. The vibratory machines are 

“constant-strain” machines; that is, the 

deflection of the specimen remains con- 

stant, or very nearly so. The Haigh, the 

Moore-Krouse, and the Templin tension- 

compression machines are constant-stress 

machines if the load-reading devices are 

read at intervals during a test and the 

load adjusted to the desired constant —. 

value as may be found necessary. ene 
In all tests herein reported, the cycle | I. 

of stress used was a complete reversul 

from a maximum tensile stress to a com- 

pressive stress of equal magnitude. 


Uther 


Each 
Total 


METALS TESTED 


Steels.-Two steels were chosen for 
testing, representing two _ important 
types of steel: A high-strength, heat- 
treated alloy steel, and a medium 
strength steel. They were selected with 
a view of getting as nearly uniform 
material as possible. Each steel wa , 
furnished in the form of round bars § ;: 
About 250 ft. of each steel was obtained, 
and the whole length rolled from ont 


deflection of an elastic ring to which the _ billet. Brinell hardness tests were matt te 
specimen is attached. on a specimen from each bar of ste — 
In one cooperating laboratory, a ed. 
Templin axial-stress fatigue machine 
(A3) was used. In this machine the molybdenum steel (S.A.E. 4500) Ss 
furnished by the Timken Roller Beart 
specimen is alternately stretched and Co in the The 
compressed by means of a scotch yoke form of 25 bars 3 in. in diameter and lif Steel f 
ft. long, all rolled from the same bille | 
oad applied is measured by the deflec- These 10-ft. bars were then cut it! “> 
tion of an elastic “loop” of steel in series 2-ft. lengths and heat treated, eae ~ the 
with the specimens. Range of stress 2-ft. length being given an identifyis a9 
can be adjusted by nuts acting to placea mark. The chemical composition, tm sth 
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heat treatment, and the ordinary tension 
test results are given in Table I. A 
Brinell hardness determination was made 
on each of the twenty-five 10-ft. bars at 
the University of Illinois. Brinell hard- 
ness numbers ranged from 298 to 335, 
averaging 322. 
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TESTING MACHINES 135 
fying mark. The chemical composition 
and the ordinary tension test results 
are given in Table I. This steel was 
tested in the “as-rolled”’ condition. A 
Brinell hardness determination was made 
on each of the 19-ft. bars at the Uni- 
versity of Illinois. The Brinell hard- 


TABLE I.—CHEMICAL COMPOSITION, HEAT TREATMENT, AND MECHANICAL 
TEST PROPERTIES OF METALS: TESTED. 


(Data furnished by the companies supplying the metals.) 


SAE 4340 


Heat-treated chrome- | Low-alloy steel, fur- 
molybdenum i 
furnished by Timken 
Roller Bearing Co., 
Canton, Ohio. | 


| HT-50 17S-T 


Duralumin,’ furnished 
by Aluminum Com- 
pany of America, New 
Kensington, Pa. 


nished by American 
Rolling Mill Co., 


steel, | 
Middletown, Ohio. 


CHEMICAL COMPOSITION, PER CENT 


0.39 
0.66 


0.012 
0.018 


1.72 
0.72 
0.35 


0.75 

0.25 

1.0 
remainder 
3.5 to 4.5 


0.03 
0.10 


TREATMENT 


Normalized at 1600 F.; | Tested asrolled. Fin- 
oil quenched from | 
1500 to 1525 F. 
Drawn at 1150 F. 
Cooled in air. 


Roll straightened after 


ished hot. heat treatment. 


Yield point (drop of beam), psi........ , 
tield strength (0.2 per cent offset), psi 
tensile strength, psi. ; 
tiongation in 2 in., per cent 
Reduction of area, per cent 
Brinell hardness number 
Rate of strain: 
Up to yield point, per cent per min. - 
Beyond yield point, per cent per min... 


MECHANICAL TEST PROPERTIES? 


142 200 


37 500 
59900 


* This metal conforms to the Tentative Specifications for Aluminum-Alloy (Duralumin) Bars, Rods, Wire, and Shapes 
— opper-Magnesium-Manganese) (A.S.T.M. Designation: B 89), see 1939 Book of A.S.T.M. Standards, Part I, 


‘Tests on SAE 
0 Aluminum Research Laboratories, New Kensington, Pa. 


The second lot of steel was a low-alloy 
steel furnished by the American Rolling 
Mill Co. and designated by them as 


HT-50. This material was furnished 
in the form of 13 bars, each 3 in. in 
diameter and approximately 19 ft. in 
length. Each bar was given an identi- 


4340 and HT-50 made in Talbot Laboratory, University of Illinois, Urbana, Ill. Tests on 17S-T made 


ness numbers ranged from 132 to 145, 
averaging 135. 

Figure 1(a) shows the crystalline 
structure of the steels as shown by 
specimens cut transversely to the axis 
of the bar of steel. Figure 1(b) shows 
micrographs of unetched specimens. It 
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133 100 48 600 4 
150 400 66 500 py 
18.2 32.0 
61 67 | ae, 
322 135 95 | 
0.15 0.13 | 
43 54 | 
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¥ 


HT-50 


Micrographs of Heat-Treated Alloy Steel (S.A.E. 4340) (Upper) and of Low-Alloy Steel (HI 
(Lower) (X 100). 
(a) Etched specimens showing crystalline structure. — 
(6) Unetched specimens showing inclusions. 


Spec 
alum 
(Alu 
Man 
prop 
Speci 

Fig 


1193 


_ 136 Report of RESEARCH COMMITTEE ON FATIGUE OF METALS (APPENDIX) 
is 
“4 
(a) (b) 
S.A.E. 4340 
(a) 
| 


is noted that the specimen of the low- 
alloy steel HT-50 shows more inclusions 
than does the specimen of the alloy steel 
S.A.E. 4340. 

Duralumin.— For studying the effect 
of types of testing machines in fatigue 
tests of non-ferrous metals, duralumin 
was selected as the metal for test and the 
data obtained some time ago in the 
laboratories of the Aluminum Company 
of America by G. W. Stickley and F. M. 
Howell were made available to the 
investigation. The metal used was a 
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different testing machines studied. The 
drawings of the specimens are approxi- 
mately to scale. Some of the specimens 
were machined from the bars by machine 
shops in Urbana, IIl.; some were ma- 
chined by the cooperating laboratory 
(including all the duralumin specimens) ; 
and some were machined in the shop of 
the Talbot Materials Testing Laboratory 
at the University of Illinois. With all 
the specimens, care was taken to see that _ 
the specimens were not overheated dur- 

ing testing. The specimens machined 


2?" 


Rland R2 


v2” V3 
of, rad. 5"rad. rad. 
A3 
Fic. 2.—Test 
3 Letters and numbers (R2, V3, Al etc.) designate the particular testing machine used. See Table II. a 


of {-in. diameter rod which met the 

uirements of the A.S.T.M. Tentative 
specifications for Aluminum-Alloy (Dur- 
min) Bars, Rods, Wire, and Shapes 
\luminum - Copper - Magnesium - 
Manganese) (B 89 — 39 T).! Tensile 
_— of this metal are given in 
lable I. 


\pecimens: 
Figure 2 shows the specimens for the 


‘1939 Book of A.S.T.M. Standards, Part I, p. 1018. 


in Urbana were either machined under a 
stream of noncorrosive coolant, or on 
each specimen one light cut was removed 
and then the specimen was set aside and 
a second specimen put in the lathe and a 
light cut taken from it, and so on. In 
this way no specimen became so hot that 
it could not be handled with the bare 
hand. Specimens for the vibratory tests _ 
in the Krouse and the Moore-Shafer 
machines were either milled flat under 


| 
9b rod R4 | 
— 
| 
| | 
| 
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a stream of coolant or machined on a All the specimens were given the fina] 
shaper so that they did not heat suf- polish in the Talbot Laboratory shops. 


PMENT CO, PRINTED IN U.S.A. 


psi. 
wo 


ttrpere 


5 wo 


Nominal Stress 


Fic. 3.—Profilograph Records of Surface Irregularities in Fatigue Specimens of S.A.E. 4340 Steel 
Records Made with a Brush Analyzer. 


at rig 

and r¢ 

‘ of pol 

Fic. 4.—_Nonmetallic “Stringers” in Fatigue Specimen of Low-Alloy Steel (H'T-50) (X 7). tuding 

The f 

ficiently to make handling with the b with the bare All specimens were polished by one mab. longit 
hand difficult. ; : Each round specimen was rotated slowly 
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I0 
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about its axis while a round bar wrapped of all steel specimens was with No. 00 
with emery cloth was held with its axis emery cloth. 
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Fic. 5.—S-N Diagrams for Heat-Treated Alloy Steel (S.A.E. 4340). 


at right angles to that of the specimen Profilograph Records and Magnaflux 
and rotated rapidly. Thus the direction Tests: 


of polishing was very nearly in a longi- ; 

tudinal direction along the specimen. As some S-N diagrams showed con- 
ne mat. he flat specimens were polished in a_ Siderable “scatter,” profilograph rec- 
d slowly longitudinal direction. The final polish ords were made at the Timken labora-— 


x 1). 


ps. 
107 
| 10” 10° 10® 107 | 
= 70000 - | 
10 lo” 
00000 
90000 90000 | 
10° 10° 107 10° 108 107 | 
al 10 10° 108 107 | 
10 
| 
| 
| 
Me 


tories on 12 specimens after testing. 
The two extreme diagrams taken are 
shown in Fig. 3, Specimen L-3 showing 
the ‘‘smoothest” 
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profilograph records showed similar lack 
of correlation. This is in harmony with 
data reported by O. J. Horger of the 
Timken laboratories. 


surface and Specimen 
()-1 the “roughest.” In Fig. 5, in the 
S-N diagram for the Wright Field tests, 
the performance of these two specimens 
isshown. Specimen Q-1, the “roughest” 
specimen, ran out to 33,000,000 cycles 


Figure 4 shows results of a magnaflux 
inspection on a specimen of low-alloy 
steel (HT-50). Magnaflux examinations 
of several specimens of HT-50 steel were 
made in the Materials Laboratory at 


TABLE If.—ENDURANCE LIMITS (ROUND SPECIMENS). 


| Speed, |Nominal | Endur- 
\cycles of Diameter) 
stress | of S Limit, 
per min. in. psi. 


Metal Tested at Testing Machine 


Heat-treated 
alloy steel 
(SAE 4340) 


1 Krouse, rotating cantilever 3 600 0.100 | 86000 
2 Boone-Wishart, rotating cantilever 3600 | 0.100 | 84000 
3 R. R. Moore, rotating simple beam 3450 | 0.300 | 79000 
R. R. Moore, rotating simple beam 3 450 0.300 | 81000 
McAdam, rotating cantilever 1 450 0.470 75 000 
McAdam, rotating cantilever 1 300 0.470 76 000 


University of Illinois R 
University of Illinois R 
Naval Aircraft Factory R 
U. S. Air Service, Wright Field | 

U.S.N. Eng. Expt. Station R-4 
Westinghouse Research Lab. 


American Steel Foundries 
University of Illinois 
University of Illinois 


wn 


DeForest, magnetic vibratory 8 400 0.312 | 76000 
Krouse, mechanical vibratory 1 750 0.300 | 84500 
Moore-Shafer, mechanical vibratory | 1 600 0.375 81 000 


National Bureau of Standards 


Haigh, magnetic axial stress 2 400 0.150 | 79000 
University of Illinois 


Moore-Krouse, mechanical axial 1 100 0.100 | 82000 
stress 


Re 


Low-alloy University of Illinois Krouse, rotating cantilever 3 600 0.125 46 000 


steel, as University of Illinois 

rolled Naval Aircraft Factory 

(HT-50) v. S. Air Service, Wright Field 
S.N. Eng. Expt. Station 

W ‘estinghouse Research Lab. 


American Steel Foundries 


Boone-Wishart, rotating cantilever 
R. R. Moore, rotating simple beam 
R. R. Moore, rotating simple beam 
McAdan, rotating cantilever 
McAdam, rotating cantilever 


RRR 
- wre 


DeForest, magnetic vibratory 


3 600 
3 450 

3 450 
1 450 
1 300 


8 400 


0.100 
0.300 
0.300 
0.470 
0.470 


0.312 


44.000 
43 000 
45 000 
41 000 
43 000 


48 000 


University of Illinois 


Krouse, mechanical vibratory 1 750 0.300 47 000 
University of Illinois 


3 Moore-Shafer, mechanical vibratory | 1 600 0.400 | 46.00 


Haigh, magnetic axial stress 2 400 0.150 | 4100 all 
Moore-Krouse, mechanical axial 1100 0.100 | 39.00 was 
stress 


National Bureau of Standards 
University of Illinois 


>> 


shor 


L 4 10 000 0.175 15 evid 
R-3 R. R. Moore, rotating simple beam 3 500 0.330 | 150 


effec 
iS it 


Duralumin Aluminum Research Lab. 


i R-1 Krouse, rotating cantilever 
(17S-T) Aluminum Research Lab. 


| Aluminum Research Lab. FC Howell-Howarth, fixed cantilever | 3500 0.408 


Aluminum Research Lab. 


| A- 3 Templin, axial stress | 2 000 0.200 | 1400 
eal 


stud 
least 
used 
ing | 
tion 


*£z ndurance limit for 500 000 000 cycles of stress. 


of stress without fracture, just about at 
the endurance limit as determined by 
tests of 20 specimens, while L-3, the 
“smoothest” specimen, failed distinctly 
below the S-N diagram determined from 
the results of tests of the 20 specimens. 
Such a result shows no evidence of cor- 
relation between the surface as shown 
by profilograph records and _ fatigue 
strength. Examination of the other 


Wright Field. As in the  specimer 
shown in Fig. 4, evidence was found 0i 
longitudinal “stringers,” probably no! 
metallic inclusions. Specimens of th Fou 
5S.A.E. 4340 steel were sent to Protessot min, 
DeForest at the Massachusetts Institute of 
of Technology, who reported: “I have 
run an immersion method Magnafluxit- 
spection of these samples and find thea 
very free from nonmetallic stringers.” 
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EFFECT OF Types OF TESTING MACHINES 


COOPERATING LABORATORIES 


The polished specimens were shipped 
to the following laboratories for testing: 


RESULTS OF TESTS 
Test Data: 


The test data from the various co- 


Laboratory 


Experimenter Testing Machine 


U. S. Wright Field, Ohio 
U.S. Naval Aircraft Factory, Philadelphia, Pa. 
U.S. N. Academy, Eng. Exp. Sta., Annapolis, Md. 
Westinghouse Research Lab., E. Pittsburgh, Pa. 
Nat’! Bureau of Standards, Washington, D. C. 
American Steel Foundries, E. Chicago, Ind. 


University of Ilinois, Urbana, II. 


R. R. (R3) 
R. R. Moore (R3) 
McAdam (R4) 
McAdam (R4) 
Haigh (A1) 
Magnetic Vibratory (VI) 
Krouse Cantilever (R1) 
Boone-Wishart do. (R2) 
Moore-Krouse (A2) 
Krouse Vibratory (V2) 
Moore-Shafer do. (V3) 


Johnson 
Moore 
C. Stewart 
E. Peterson 
H. S. Rawdon 
W. C. Hamilton 
H. F. Moore 


As noted previously, the specimens of 
duralumin (17 S-T) were prepared and 
tested under the direction of R. L. 
Templin in the Research Laboratories 
of the Aluminum Company of America, 
New Kensington, Pa. Tests were made 
ona Krouse cantilever machine (R1), a 
Rk. R. Moore rotating-beam machine 
R3), a Howell-Howarth fixed cantilever 
machine (FC), and a Templin Axial 
stress machine (A3). 


SPEED OF TESTING MACHINES 


It would have been desirable to have 
all tests run at the same speed, but this 

is not feasible. The speeds used are 
shown in Table II. There was no 
evidence of any well-marked “speed 
eflect” in the tests carried out, and this 
is in harmony with the conclusions of 
nearly all experimenters who have 
studied speed effect in fatigue tests, at 
least for speeds not exceeding the range 
used in the tests at the various cooperat- 
ing laboratories with the possible excep- 
tion of the tests at the American Steel 
Foundries (8400 cycles of stress per 
min.) and the Krouse cantilever tests 
of duralumin (10,000 cycles of stress 
per min.). In these two series of tests 
there was no evidence that the endurance 


limit was raised by the high frequency of 
loading 


operating laboratories was sent to the 
chairman of the committee, and S-N 


diagrams were plotted by him and endur-- 


ance limits determined. 


By having one 


man plot diagrams and determine endur- 
ance limits, it was felt that differences 
in interpretation of results would be 
minimized, and the best comparison of — 


The test data for all 
»at the Talbot Laboratory 
Testing, University of 


results secured. 
tests are on fil 
for Materials 
Illinois. 
Figures 5, 6, 


and 7 show 


the S-N 


diagrams for the tests of steel specimens. 
It will be noted that in some diagrams 


there is shown considerable “scatter 


of results but that the line determining 
the endurance limit seems fairly definite. 


These tests were carried out under 
unusually careful conditions, and it 
seems that “‘scatter”’ may be attributed, 
in part at least, to the variable fatigue 
strength of metal, even in bars carefully 
chosen with a view to a maximum degree 
of uniformity. Adjustment of several 
of the “scattered” points in the diagrams 
was attempted by correcting for the 
varying Brinell and Rockwell C hard- 
ness of the bars, but this adjustment did 
not reduce the “‘scatter.” 


2 See “Prevention of the Failure of Metals Under Re- 
peated Stress,’’ by the Staff of Battelle Memorial Institute, 
p. 115, John Wiley and Sons, New York, N. Y. (1941); also 
Circular 23, Engineering Experiment Station, University 
of Illinois (1941). 
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- Variation of Endurance Limits for Differ- like a statistical estimate of probable 


ent Machines: ranges of values, very many more tests 


Table II summarizes the endurance would have to be made than are herein 
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Fic. 6.—S-N Diagrams for Low-Alloy Steel (HT-50). _ 


limits determined, and Table III tabu- reported, and these ranges of values att 
lates ranges of endurance limit found. reported merely as giving some gener 
It is obvious that to obtain anything idea of ranges obtained in tests matt 
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Errect oF Types or Testinc 


ble with common types of machines now durance limit determined covers a width 
ests available and in laboratories experienced of 11,000 psi. This range in pounds per 
sal in fatigue testing in which the work was square inch is probably fully as sig- 
carefully done. nificant as is the range in percentage of 
‘TABLE III.—RANGE OF ENDURANCE LIMITS. 
Heat-Treated Alloy Steel Low-Alloy Steel Duralumin 
SAE 4340 HT-50 17S-T 
Range of Values a Range Range 7 Range 
in] max., | min., max., | min., |__| maz., | min., | 
psi. psi. per psi. psi. per psi. psi. r 
PSI. | cent? | cent? pe. cent 
No ApjusTMENT OF VALUES FoR ‘‘S1zE Errecr.”’ 
Alltesting machines ........ .| 86000] 75 000 | 11000} 13.7 | 48 000 | 39 000 | 9000 | 20.7 | 15 000 | 14000/1000| 6.8 
Rotating-beam machines...... 86 000 | 75 000 | 11000} 13.7 | 46000 | 41000 |} 5000) 11.4 | 15000} 15 000 0 0 
Vibratory machines .......| 84500 | 76000} 8500) 10.6 | 48000 | 46000/ 2000) .... 
Axial-stress machines.........| 82000 | 79000} 3000] 3.7 | 41000} 39000| 2000| 5.0 
es VALUES ApjustEep To EQUIVALENT VALUES FOR SPECIMENS 0.3 IN. IN DIAMETER. 
All testing machines. ......... 84 500 | 75 500| 9000! 11.3 | 47500] 38000| 9500! 21.6 | 15000] 14000] 1000! 6.8 
Rotating-beam machines...... 81 000 79000} 2000) 2.5 | 45500} 42500/ 3000; 6.8 | 15000/}15000| 0 
Vibratory machines........... 84 500 | 76200) 8300) 10.3 | 47500) 47200; 300) 0.6) .... 
Axial-str: ss machines ........| 76 500| 75500| 1000] 1.3 | 40000| 38000] 2000] 5.1 
This is the ratio of range of stress (in psi.) to mean value of endurance limit expressed in per cent. 
’ Only one axial-stress machine used with duralumin. 
-Aluminum Research Lab. . 
20000 
| 
10 000 - 
10° io? 108 109 
R3-Aluminum Research Lab. 
L 
® 10000 = 
FC-Alurminum Research Lab. 
20000 
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7 
A3-Aluminum Research Lab. 
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Fic. 7.—S-N Diagrams for Duralumin (17S —T). 


The upper portion of Table III shows mean values, although the percentage 


the ranges for different types of machines variations are given as a matter of in- 
and the ranges for all, the metals tested, terest. It is also noticed that, so far as 
with no adjustment of values. Itisseen can be seen, the variation of values for 
at once that the highest range of en- the duralumin seems to be distinctly less 
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both in pounds per square inch and in 
per cent than the variation for the other 
materials. Some light is thrown on this 
variation by Fig. 8 in which endurance 
limits are plotted as ordinates and values 
of critical diameter of specimen are used 
as abscissas. The resulting graphs show 
distinct evidence of a “‘size effect” which, 
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over the range tested, is quite pro- 
nounced for the heat-treated alloy steel, 
somewhat less pronounced for the low- 
alloy steel, and negligible for the dur- 
alumin. It must not be assumed that 
these values can be extrapolated to esti- 
mate values for very large specimens. 
For example, for the rotating-beam tests 
of the heat-treated alloy steel, extrapola- 
tion would show that for a specimen 
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about 3.5 in. in diameter the endurance 
limit would become zero and the values 
above that probably negative, an ob. 
viously ridiculous result. However, this 
obvious “size effect’? shown in tests of 
steel is of very great importance in con- 
nection with the consideration of fatigue 
strength of large machine parts. These 
size effect diagrams shown in Fig. § 
furnish a basis for a further study oj 
variations in endurance limit. The 
lower part of Table III shows ranges of 
values of endurance limits adjusted to be 
equivalent to the endurance limit of a 
specimen of the same material with a 
critical diameter of 0.3 in. tested in the 
same machine. The graphs in Fig. 8 
for the rotating-beam endurance limits 
are used as base line for each metal, 
For example, the plotted endurance 
value marked A in Fig. 8 (HT-S5O steel 
is transferred to A’ on the ordinate line 
for 0.3 in. diameter. A’ is the same dis 
tance below the base line MW as in A. 
Similarly, the plotted endurance limit 
value B is transferred to B’. Then A 
gives the adjusted maximum value of 
endurance limit for the axial stress ma- 
chines, and B’Q represents the adjustet 
minimum. 

It is seen, from Table III, that when 
results from all testing machines are 
considered, adjustment for size eff 
slightly reduces the range of values 
endurance limit for the S.A.E. 4340 stee 
increases it slightly for the HT-50 stee 
and does not change the range of th 
17S-T duralumin. The  duralun 
shows no size effect over the range 
diameters tested. However, when | 
ranges of endurance limits for ¢ 
different type of machine are studie 
the range is distinctly reduced by a¢ 
justment for “size effect.” One 
tion is found in the case of tests in vib 
tory machines of specimens of S.AL 
4340 steel. This exception is largely 4" 
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A) sults of the duralumin may be due partly, what larger for the S.A.E. 4340 steel if the 
ee perhaps largely, to the fact that tests 


were made with great care in one labora- 
y. It seems, however, rather reason- 
le to assume that this consistency was 
in part at least, to the greater 
logeneity of the material. Again it 


low value of the tests on the magnetic vi- 
bratory machines were neglected. Itmay 
be noted that for the vibratory tests of 
round specimens only one pair of extreme 
fibers, top and bottom, are subjected to 


lue of 
Ss 
Ijusted 


t when 


ance to the low value obtained in the tests on 
ilues the magnetic vibratory machine (see C, Material Type of Machine 
Ob in Fig. 8). If that value were neglected |__| 
, this the variation would be: Heat-treated | Rotating-beam 80 000 
ts of oe . Alloy steel Vibratory 80 600 

om Maximum endurance limit... . . 84 500, psi. SAE 4340 Axial stress 76 000 

< Minimum endurance limit. . . . . 81 500, psi., and Low-Alloy Rotating-beam 44 100 
tigue Range 3000 psi. or 3.6 per cent of the mean value. Steel Vibratory 47 200 
hese HI-50 Axial stress 39 000 
Again noting that the data taken are Duralumin beam 15 000 
‘i too few to justify elaborate statistical Vibratory a 

" ; analysis, the tests do seem to show some Axial stress sod 14.000 

evidence that for a given metal, for a 
res of : a re rhe ratios of average endurance limits 

given type of testing machine and for a : : r 
to b for the different metals and different 

given size of specimen, endurance limits : : | 
of different laboratories and of testing machine are as follows: 
th 3 determined by different laboratories anc . 
: the different machines of the same type V/R = 1.008 for 4340 steel; 1.072 for HT-50 
might be expected to vary over a range tests for 17S-T 
Ae not greater than 3000 psi. or a variation A/R = 0.950 for 4350 steel; 0.884 for HT-50 ; 
net WO perhaps, 1500 psi. from the mean steel; 0.933 for 17S-T duralumin. 
an value by all the laboratories. Again let It may be noted that somewhat similar | 
steel) emphasined that this pre- values for the ratios of vibratory ma- 
te line nted as a statistic al analysis but to chines and rotating-beam machines were 
aie sivea general idea of the variation which — obtained by T. J. Dolan on tests of an 
pin’ probable. ee aluminum alloy. This ratio of vibratory 
. Limit he relative low variation in the re- to rotating-beam results would be some- 
es ale maximum stress while in the rotating- 
elec y be emphasized that actual metal is beam tests all the surface fibers are sub- . 
lues of homogeneous and that repeated jected to maximum stress. In the case 


stress brings out this lack of homogeneity 


sted, _— of the axial-stress tests, the whole cross- 
() steel, 14 most striking manner. section of the specimen is submitted to 
of the Comparison of Different Types of Testing ES SI 

ralumi Machines: Effect of Shape of Specimens: 

ange ol 


Making adjustment for size effect as In carrying out vibratory tests, a few, 
‘iscussed in a previous paragraph, the tests were made on flat specimens in 
Ds eat! iollowing mean values were obtained for place of round specimens, and it was 
studiel endurance limits for different types of found that flat specimens gave, in gen- 


by at ff machines: eral, lower values than did the round 
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specimens. The variation of values is 
as follows: 


S.A.E 4340 Steel HT-S50 Steel 


‘Round | Flat Round | Flat | Ratio 
Krouse- | 
Vibratory | 84 500 | 75000 | 1.13 | 47000 | 42000 | 1.12 


Moore- 
Shafer 81000 70000} 1.16 | 45000 | 45000 | 1.00 
| 1.14 1.06 


Dolan of the University of Illinois when 
comparing test results for round and flat 
specimens of an aluminum alloy, tested 
in vibratory fatigue testing machines, 
This apparent evidence of a shape fac. 
tor for endurance limit, somewhat re. 
sembling the shape factor observed for 
determinations of yield strength by static 
flexure tests, is of very considerable 
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Fic. 9.—Test Results for Specimens above the Endurance Limit. 


The flat specimens for S.A.E. 4340 steel 
were ().2 by 0.75 in. in cross-section with 
some specimens 0.3 by 0.5in. These 
two sizes of specimens showed practically 
the same endurance limit. For the HT- 
50 steel, the flat specimens are all 0.2 by 
0.75 in. in cross-section. The diameters 
of the round specimens are given in 
Table II. Here again it may be noted 
that similar results with even more strik- 
ing differences have been found by T. J. 


interest. Here again it may be note 
that for the round specimens only 0 


pair of extreme fibers, top and bottom 
were subjected to the vibratory tes! 


while for the rectangular  specimets 
maximum stress nominally exists acto 


the top and the bottom face. It isa’ 
to be noted that the introduction of slig 


twisting in the flat specimen tests mé 


take place, even when great care is us 
in placing specimens in the machiné. 
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Fic. 10.—Average Test Results above Endurance Limit (S.A.E. 4340 Steel). 
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Endurance Above the Endurance Limits: 


It has been noted that the “scatter” 
of test results is greater above the en- 
durance limit than is the scatter of the 
values of endurance limit determined. 
This is a quite general experience with 
experimenters with fatigue of metals. 
In representing behavior above the en- 
durance limit, the method has been 
chosen of plotting curves in which ordi- 
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same type of curve as do the S-N dia. 
grams in Figs.5,6and 7. However, the 
scale is different from the scales shown 
there. Figure 9 shows the percentage. 
cycle stresses all plotted together, and 
the result seems to be a confusion of 
lines with one outstanding fact, namely, 
that the diagrams for the axial-stress 
(tension-compression) tests are distinctly 
flatter than the others. These axial- 
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nates represent stress above endurance 
limit in per cent of endurance limit, and 
abscissas represent number of cycles of 
stress. The use of percentage in place 
of stress in pounds per square inch above 
endurance limit was chosen on account 
of the fact that three different metals 
were used, and it was thought that a 
percentage above endurance limit would 
furnish a better means of comparison 
than stress above endurance limit. 
These percentage-cycle curves show the 


of Stress 


Average Test Results above Endurance Limit for Different Types of Testing Machines 


stress diagrams are marked A, Fig. ' 
While the data are insufficient for carefu 
statistical analysis, some study of tl 
general tendency of different types @ 
machine and different metals has bee 
made. In Fig. 10 are shown percentage 
cycle diagrams for S.A.E. 4340 steé 
giving comparison of values for differet! 
machines which may be regarded # 
companion machines. For  exampl 
Fig. 10 (a) shows comparison of diagralls 
for two rotating-cantilever machine 


In 
avera 
vibra: 
mach 
studie 
178-T 
beam 
and R 
these 
vious 
specin 
diagra 
percen 
above 
machi) 
than 
obtain 
In Fig 


7 
R. 
‘ con 
tat 
d) 
bea 
sim! 
hin 
mat 
30 
an d 
) — 
10° 
| 
Se 
| 
So 
SS, 
SS 
“heey 
| SN Fc 
PSAQ 
| 


lia- 
the 


wh 


ige- 


and 


i of 
ely, 
Tess 
ctly 


xial- 


fachines. 


Fig. 9. 
- careful 
of the 
ypes 
as beet 
centage 
differen! 
rded & 
example. 
machine 


7 


with small specimens. Figure 10 (0) 
shows comparison of values between 
R. R. Moore machines, Fig. 10 (c) shows 
comparison between two McAdam ro- 
tating-cantilever machines. Figure 10 
(d) shows the three average curves 
plotted together and a general average 
curve (heavy line) drawn for all rotating- 
beam machines. Figure 10 (e) shows a 
similar diagram for the vibratory ma- 
chines and Fig. 10 (f) for the axial-stress 
machines. Figure 11 shows correspond- 


ing graphs for the HT-50 steel. 


EFFECT OF TYPES OF 


TESTING MACHINES +4 
the vibratory and rotating-beam type of 
machines seem to give average curves 
lying quite closely together, especially 
for the S.A.E. 4340 steel. In the curve 
for the 17S-T duralumin, the fixed-canti- 
lever type of machine seems slightly 
flatter than that for the rotating-beam. 
In all cases the diagrams above the en- 
durance limit are flatter for the axial- 
stress machines than for the rotating- 
beam or vibratory type machines. 
Figure 13 shows the general average 
diagram for the rotating-beam machines 
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In Fig. 12 are shown the general 
werages for rotating-beam machines, 
ibratory machines, and axial-stress 
machines for each of the three metals 
studied. In the case of the duralumin 
liS-T, the average of the two rotating- 
machines used (Krouse-cantilever 
ind R. R. Moore) is shown. Taking all 
these values into consideration, it is ob- 
vious that the scatter between individual 
specimens used for determining an S-N 
diagram, and the variation between the 
percentage-cycle or the S-N diagrams 
dove the endurance limit for companion 
machines of the same type, is greater 
than the variation in the average result 
obtained for all machines of one type. 
In Fig. 12 it is noted that, for the steels, 


iG, 13.—Average Test Results above Endurance Limit for Rotating-Beam Tests of Different Metals. 


for the three metals. Evidently the 
steel reached the endurance limit at a 
much smaller number of cycles of stress 
than the 17S-T specimens. 

In tests of HT-50 steel in machine R2 
and V3 (see Fig. 6), it is noted that some 
tests have been run not only above the 
yield point of the steel, but in these two 
S-N diagrams the maximum nominal 
stress was distinctly above the tensile 
strength of the steel. This, of course, 
merely shows that the nominal stress 
above the yield point is very much higher 
than the actual stress. In fact, it is 
doubtful whether the actual stress rises 
much above the yield point. 

Tests on machine R1 in Fig. 5 and 
R2 in Fig. 6 show a distinct reversal of 
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curvature, but the significance of this is Co. and to R. L. Kenyon for furnishing 
uncertain since tests on machines V3 in _ the low-alloy steel HT-50; to the Aluni- 
Fig. 6 do not show such reversal. num Company of America for permission 
to use the data on tests of duralumin 
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alloy steel S.A.E. 4340, for profilograph tests, and to the laboratories and the is of | 
tests and for micrographs of the S.A.E. men who carried out the testing work much 
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DISCUSSION 


Mr. J. M. Lessetts! (presented in 
written form).—The report of the Re- 
arch Committee on Fatigue of Metals 
is of considerable interest since it brings 
much new data on testing machines to- 
vether for the first time. Some of the 
plotted results show considerable “scat- 
ter” and some comment on this phenom- 
enon in the light of experience with the 
R.R. Moore type of machine may be of 
interest. 

From the nature of fatigue tests it is 
generally accepted that there must be 
scatter in the results. It appears that 
this scatter may be caused by (1) condi- 

n of materia] as regards cleanliness or 
residual stress, (2) conditionof the sur- 
face of the test specimens and of machine 
eration. Provided the steel is rela- 
tively free from nonmetallic inclusions 

d residual stress and care is observed 

the subsequent testing it is our opinion 

it the amount of scatter can be held to 
minimum. In some cases where these 
recautions have been taken, remarkable 
regularity in the fatigue data has been 
tained. 

In the fatigue testing work which has 
veen done at the Massachusetts Institute 
oi Technology during recent years, it 

is been observed that steels purchased 

n the basis of grain-size control have 
iven little or no scatter. This has been 

ticularly true when these materials 

ive been tested in the annealed condi- 
tion and presumably with little or negli- 
ible residual stress present to cause 
lation. Cases of carefully controlled 
fat-treated steels have however also 
shown little or no scatter. 


Associate Professor of Mechanical Engineering, 
‘assachusetts Institute of Technology, Cambridge, Mass. 


The A.S.T.M. instructions as to prep- 
aration of test specimens are good and 
should be followed. The finishing 
should be such that the scratches, if 
any, are in a longitudinal direction rather 
than circumferential. Buffing should be 
done with care, and hand polishing is 
preferred. Small diameter specimens, 
such as can be tested from S.A.E. 4340 
steel on an R. R. Moore type of machine, 
can be easily bent by the buffing 
operation. 

Precautions should be taken to ensure 
that all specimens run smoothly. This 
can be done by taking the weight hanger 
off and making sure that the bearings 
operate smoothly when the specimen is 
running without load. This is import- 
ant since it is relatively easy to cause 
misalignment in setting up. The ends 
of the specimen must fit the gage 
properly and load should be applied 
after the machine is running. 

Dead weight loading seems preferable 
to spring loading. 

The M.I.T. machine operates at 1750 
rpm., which is a relatively low speed with 
absence of vibration. Higher speeds 
may give rise to vibration effects. The 
practice of testing a specimen which does 
not run perfectly true at zero load is in 
our opinion bad and may be worse for 
the higher speed machines. 

The scope of.the M.I.T. fatigue work 
has covered such materials as Armco 
iron, S.A.E. 1020, S.A.E. 1045, and 
S.A.E. 4340 steels. All of these ma- 
terials have shown very little scatter 
although as experienced in other labora- 
tories, many materials have been tested 
which have shown considerable scatter 
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but these presumably possessed some of 
the defects cited above. 

For the purpose of illustration the 
results for Armco iron, which is a rela- 
tively soft material, and those for an 
oil-quenched and tempered S.A.E. 4340 
steel, which is a relatively hard material, 
re given in Figs. 1 and 2. 

Mr. H. F. Moore.2—Commenting 
nm Mr. Lessells’ remarks concerning 
scatter,” it may be noted that in the 
tests reported by the Fatigue of Metals 
Committee as made on R. R. Moore 
machines, laboratories were chosen in 


Professor of Engineering Materials, University of 
, Urbana, Ill. 
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which it was known that great care was 
taken to have the specimens run 
smoothly with a minimum of vibration. 
It may be further noted that the tests of 
heat-treated  alloy-steel specimens 
showed greater tendency to exhibit 
“scatter” than was exhibited in the 
tests of low-alloy steel specimens or in 
tests of duralumin specimens. It is also 
worthy of note that, with the exception 
of one series of tests of small cantilever 
specimens, the rotating-cantilever tests, 
the vibratory tests and the reversed- 
axial-stress tests (push-pull tests) showed 
no greater ‘scatter’ than did the tests 
made in R. R. Moore machines. 
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Meetings: 


During the past year, the Joint Re- 
search Committee on Effect of Tempera- 
ture on the Properties of Metals under 
the sponsorship of the American Society 
of Mechanical Engineers and the Ameri- 
can Society for Testing Materials, held 
one meeting on November 1 and 2, 
1940, in Columbus, Ohio. A_ second 
meeting of the committee will be held in 
June, 1941, in Chicago, Ill., prior to the 
presentation of this report at the annual 
meeting of the A.S.T.M. A number of 
meetings of project committees have 
been held during the year. 

The committee sponsored a technical 
session on December 5, 1940, in New 
York City, at the annual meeting of the 


A.S.M.E., at which two technical 


papers':* and one progress report*® were 
presented. 
Finances: 


There appears in Table Ia summary of 
the administration of funds during the 
yearly period of May 1, 1940, to April 
30, 1941. 

Expenditures have been authorized 
and payments made to date on several 
research projects, as follows: 


1A. W. Wheeler, “‘A High-Temperature Bolting Ma- 
terial,’”’ Preprint A.S.M.E., December, 1940. 

2 A. E. White and Sabin Crocker, ‘“‘Effect of Grain Size 
and Structure on Carbon-Molybdenum Steel Pipe,’ Pre- 
print A.S.M.E., December, 1940. 

*F. H. Norton, ‘Progress Report on Tubular Creep 
Tests.” R. Soderberg, ‘Interpretation of Creep Tests 
on Tubes,” Preprints, A.S.M.E., December, 1940. 


REPORT OF JOINT RESEARCH COMMITTEE 
ON 
~EFFECT OF TEMPERATURE ON THE PROPERTIES OF 


METALS 

THE SPONSOR SOCIETIES 
Maximum 

Expenditure Payments 

Authorized lade 
Project No. 10—Tubular 
Members Subject to Inter- 

nal Pressures $3 500.0 
Project No. 18—Effect of 
Variables on the High-Tem- 
rature Properties of 

etals (Part 3)............ 4000.00 1 892.8 
Project No. 23—Studies on 

Non-Ferrous Alloys... 500.00 none 
No. 25—Comparison 

of Short-Time Methods.... 1000.00 500.0 


Organization and Membership: 


The committee records with deep re 


gret the passing away on February 18 


1941, of Paul E. McKinney, one of it 


most active members. Mr. McKinne 
joined the committee as a member 
June, 1931. He had always taken 


most active interest in the work, serving 
as chairman of several of the project 
knowledge on_ tht 


committees. His 
metallurgy and production of steel y 
particularly valuable to the work oft 
committee. 

One new member has been added t 


the membership, Claude L. Clark, « 
the Steel and Tube Division of the Tim 
ken Roller Bearing Co. Mr. Clark has 
long been actively engaged in the wor 
of the committee as a cooperator an 


advisor, and has handled research 4 
tivities for the committee on sever 
occasions. 


No other changes in membership 10 
in organization have taken place dur; 


the year. 


Research Projects: 


al 


There follows a summary of progres 
made in the various research projec 


during the year ending June, 1941. 
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Project No. 10 on Tubular Members 
Subjected to Internal Pressures (H. J. 
Kerr, chairman).—Reference has al- 
ready been made to the presentation of 
4 progress report by F. H. Norton* and 
, note on interpretation by C. R. Soder- 
berg? at the technical session sponsored 
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man).—Following the Round-Table Dis- 
cussion on Effect of Subatmospheric 
Temperatures on the Properties of 
Metals‘ at the June, 1939, annual meet- 
ing of the A.S.T.M., the project commit- 
tee prepared and circulated special forms 
to facilitate the gathering of data on the 


TABLE I.—SUMMARY OF RECEIPTS AND EXPENDITURES OF COMMITTEE FUNDS. 


Balance as of April 30, 1940, shown in 1940 report 


RECEIPTS 
1940 
November 1939-40 Solicitation for funds.....................e.0ee000 
December 1939-40 Solicitation for 
1941] 
January 1939-40 Solicitation for 
April 
$17 405.52 
EXPENDITURES 
1940 
May Massachusetts Inst.of Technology (Project No.10)............ $700.00 
Battelle Memorial Institute (Project No. 18)................. 343.49 
Paper and Postage for Project No. 13.. 6.73 
tember Massachusetts Inst. of Technology (Project No. 10). Baths 700 .00 
A.S.T.M. (reprints of Round-Table Discussion (Project No. 
tober Finance Committee 21.25 
November A.S.M.E. (mimeograph paper for Progress Report ‘of } oject 
Ve Battelle Memorial Institute (Project No. 18). 314.43 
194] 
National Process Co. (300 copies of Project No. 10 Re port)...... 14.35 
St. John Associates (300 copies of Project No. 10 Report)....... 43.89 
bruary Battelle Memorial Instjtute (Project No. 18)................ 205 .69 
Massachusetts Inst. of Technology (Project No. 10)......... 700 .00 
Battelle Memorial Institute (Project No. 18)................. 1 372.69 
Battelle Memorial Institute (Project 500.00 
University of Michigan (Project No. 25).................... 500.00 — 
Bossow’s (flowers, P. E. McKinney)........................ 71.48 


Total Expenditures.......... 
lance on hand, April 30, 1941 


y the committee during the annual 
meeting of the A.S.M.E. in December, 
1940. It is expected that Project No. 
10 will complete the work assigned so 
that a final report can be made at the 
_ annual meeting of the A.S.M.E. 
Project No. 13 on Properties of Metals 
il Low Temperature (F. B. Foley, chair- 


$10 149.77 


448.50 
$11 957.02 


effect of low temperatures on the proper- 


ties of metals. Approximately 60 pos- 
sible sources of information were 
contacted. The considerable amount of 
data collected was turned over to Bat- 


4F. B. Foley, “Résumé of Round-Table Discussion on 
Effect of Subatmospheric Temperatures on the Properties 
of Metals,’ Proceedings, Am. Soc. Testing Mats., Vol. 
39, p. 642. 
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telle Memorial Institute in November, 
1940, for critical review under the direc- 
tion of H. W. Gillett. There has been 
considerable urge from those engaged in 
national defense matters to make this 
review available as quickly as possible. 
Because of this, the review and compila- 
tion of data have been prepared without 
awaiting formal committee action and 
has been issued by the A.S.T.M. in a 
separate publication, entitled “Impact 
Resistance and Tensile Properties of 
Metals at Subatmospheric Tempera- 
tures,” prepared by H. W. Gillett, 
August, 1941. 

Project No. 16 on Relaxation (KE. L. 
Robinson, chairman).-Progress has 
been made in the arrangements to pre- 
pare a final report, or sponsor a ‘session 
on relaxation. 

Project No. 18 on Effect of Variables 
on the High-Temperature Properties of 
Metals W. Gillett, chairman). ~The 


1940 report of the committee includes 
a report® on this project showing the ef- 


fects of various heat treatments on the 
creep resistance of pure iron, rimmed 
steels, silicon-killed, aluminum-killed, 
and silicon-aluminum-killed steels. The 
hypothesis was advanced that it was the 
absence or presence of inclusions of 
various types and compositions whose 
size, mode, and degree of dispersion 
changed with the various heat treat- 
ments which produced such large dif- 
ferences in their creep resistance. 

The project has been continued during 
the past year with a further study of 
some of the steels already tested, and 
new experiments on a rimmed steel to 
which 0.58 per cent molybdenum was 
added, on a fine-grained nonaging steel, 
on some weld metal with and without 
0.5 per cent molybdenum, and on the 
British steel “E”’ noted for its inferior 


5 “Study of Effects of Variables on the Creep Resistance 
of Steels,” (Project No. 18), by H. C. Cross and J. G. Low- 
ther, Appendix I of Report of Joint Research Committee, 
Proceedings, Am. Soc. Testing Mats., Vol. 40, p. 125 (1940). 


creep properties and nonresponse to heat 
treatment. 

Addition of 0.58 per cent molybdenum 
to a rimmed steel eliminated the poor 
creep resistance usually obtained with 
rimmed steel. The creep resistance was 
little affected by heat treatment and was 
about equal to that shown by killed 
steels of similar molybdenum content. 

The usual large improvement in creep 
resistance obtained from normalizing 
after coarsening of aluminum-killed steels 
did not result in the case of the fine. 
grained nonaging steel with higher 
aluminum addition. Experiments on 
the effect of more rapid cooling are now 
in progress. 

Tests are now in progress on the effect 
of heat treatments on the weld metal and 
the British steel “E.” 

The work will be reported in detail to 
the Joint Committee meeting in June 
but a progress report to the sponsor 
societies will not be submitted at this 
time since the work is incomplete. 

Project No. 25 on Comparison of Short- 
Time Test Methods (J. S. Worth, chait- 
man). This project is now active 
Thirteen laboratories are cooperating i 
the work. An agreement has been et 
tered into with the University of Mich: 
gan to carry out some of the tests, t 
act as the clearing house for the many 
reports from cooperators, and to pre 
pare the final report. The project i- 
volves the comparison of results from 
nine shorter-time test methods with 
those from long-time creep tests on tw 
steels, the 0.35 per cent carbon steel h- 
20, and a carbon-molybdenum stét 
K-22. 

Project No. 26 on Test Methods (J.\ 
Bolton, chairman).—This project cot 
mittee is charged with the review of the 
two tentative test methods under the 
jurisdiction of the Joint Research Com 
mittee, and with the study and develop 
ment of other test methods to determin 
high temperature properties. As 
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sult of the work of this project commit- 
tee, recommendations are made below 
relative to the revision and adoption as 
astandard A.S.T.M. recommended prac- 
tice of the Tentative Method of Test 
for Long-Time (Creep) High-Tempera- 
ture Tension Tests of Metallic Materials 
(E 22 - 38 T).6 

The committee recommends that the 
Tentative Method of Test for Short- 
Time High-Temperature Tension Tests 
of Metallic Materials (E 21-37 T)® 
be continued as tentative for another 
year. 


ADOPTION AS STANDARD OF TENTATIVE 
STANDARD 


The committee recommends that the 
Tentative Method of Test for Long- 
Time (Creep) High-Temperature Ten- 
sion Tests of Metallic Materials (E 22 
38 T)® be approved, with the follow- 
ing revisions, for reference to letter bal- 
lot of the Society for adoption as stand- 
ard: 


Title-—Change to read as follows: 


Recommended Practice for Conducting Long- 
Time High-Temperature Tension Tests of 
Metallic Materials. 


Section I (a). 
“this method” to 
mended practice.” 

Section 2 (a).-Change from its pres- 
ent form to read as follows: 


the words 
“this recom- 


Change 
read 


(2) Inherently the creep test is a long-time 
test and not convenient for acceptance purposes. 
The primary use of creep tests is to provide basic 
data for the choice of safe working stresses for 
applications in which allowable deformation 
within the service life of the structure is the 
criterion of failure. 


. Section 6 (c).—Add a new Paragraph 
‘() to read as follows, relettering the 
present paragraph as Paragraph (d): 


(c) Care should be taken to obtain reliable 
and accurate master temperature standards and 
to have these checked at suitable intervals. 
When thermocouples are used in the test, these 


* 1939 Book of A.S.T.M Standards, Part I 
Bok S.T.M. Sta » Pp. 1261, 1254. 
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should be checked by suitable means both before 
and after long-time tests. 


Section 9 (d).—Add a new Paragraph 
(d) to read as follows: 


(d) After unloading, a certain amount of 
prolonged plastic recovery occurs, in addition to 
the elastic recovery. This plastic recovery 
should be recorded. 


Section 11 (c).—-Add the following new 
sentence at the end of this paragraph: 


Although the plotting of data on semilog 
charts often results in a straight line relationship, 
extrapolation of such lines has been found to be 
unjustified. 


Appendix [I.—In Section I add a new 
heading for ‘Ferrous Alloys” and under 
this heading add columns for the inclu- 
sion of data on chemical composition, 
austenitic grain size established, grain 
size in specimen as tested, and normal- 
ity. 

Also add a new heading to cover ‘‘Non- 
Ferrous Alloys” to read as follows: — 

ALLOYS 

Chemical Com position: 


Cu Sn Zn Pb Ni 
P Si Mn Others 


In Section II change the listing of 
items for the Type Furnace under Manu- 


facturing Data to read as follows by the | 


addition of the italicized words and the 
omission of those in brackets: oe 
Type Furnace 

Acid or Basic: 

[Electric] Direct Arc: 

Indirect Arc: 

Induction: 

Open Hearth: 

Open Flame: 

Crucible: 


In Section III change the title to read 
“Properties of Specimens After Tests.” 
Add a new column with the heading 
“Temperature” between the present 
third and fourth columns. Change the 
heading of the fifth column from “Yield 


Point” to read “Yield Strength (Offset, 


0.2 per cent).” 
This recommendation has been sub- 
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- mitted to letter ballot of the committee 
which consists of 22 members; 22 mem- 
bers returned their ballots, of whom 21 
have voted affirmatively, 0 negatively, 
and 1 member has marked his ballot 
“not voting.” 


This report has been submitted to 
letter ballot of the committee which 
consists of 22 members; 22 members 
have returned their ballots, of whom 20 


= 6 


have voted affirmatively and 1 nega. 


tively. 


Respectfully submitted on behalf of 


the Joint Research Committee, 
N. L. Mocuet, 


Chairman. 
Kerr, 


Vice-Chairman. 


J. W. Botton, 
Secretary. 


made 
mem 
18 pi 
inter 
indiv 
tions 
parti 
of th 


Sub 
man, 
Pratt 
studi 
and 
obtai 
E-1 ¢ 

Su 
man) 
tions 
edges 
squal 

Su 
man) 
tenta 
ficati 
for I 
provi 
tion 
in Tor 


| | | 
| 
Ce 
| 
| & > 
_ & 


of 


L, 
nan 
R, 


nan. 


159 


REPORT OF COMMITTEE B-1 


Committee B-1 on Copper and Cop- 
per-Alloy Wires for Electrical Conduc- 
tors held two meetings during the year: 
one in Atlantic City, N. J., on June 27, 
1940, and one in New York, N. Y., on 
April 14, 1941. 

Several additions and changes in the 
membership of the committee have been 
made during the year, but the total 
nembership of 41 remains the same with 
18 producer, 15 consumer, and 8 general 
interest members. In addition, 12 other 
ndividuals through their company affilia- 
tions augment this membership by 
participating in the subcommittee work 
{ this committee. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee IT (P. H. Grogan, chair- 
man) and Subcommittee VII (R. S. 
Pratt, chairman) have continued théir 
studies on the effect of speed of testing 
ind are correlating the information 
obtained with the findings of Committee 
E-1 on Methods of Testing. 

Subcommittee IV (J. R. Becker, chair- 

in) is continuing the study of defini- 

ns and requirements for the shapes of 
edges and corners of rectangular and 
square Copper wire. 

Subcommittee V (P. H. Grogan, chair- 

in) is continuing the work on a 
tentative revision of the Standard Speci- 
ications for Hot-Rolled Copper Rods 
or Electrical Purposes (B 49 ~- 39), to 
rovide a proper twist test and a defini- 


“ion as to what constitutes major cracks 
In rods. 


ON 
COPPER AND COPPER-ALLOY WIRES FOR ELECTRICAL 
CONDUCTORS 


Subcommittee VIIT (W. H. Bassett, 
Jr., chairman) is continuing the prepara- 
tion of Specifications for Rope-Lay- 
Stranded and Bunch-Stranded Copper 
Cables for Electrical Conductors. A 
preliminary draft of these specifications 
was published in the preprint copy of the 
1940 report of Committee B-1. At the 
June, 1940, meeting it was decided that 
these specifications should be further de- 
veloped before submission to the Society. 
This has been accomplished and the 
proposed tentative specifications which 
have been submitted for letter ballot 
are appended hereto.!. These specifica- 
tions make desirable a restriction of the 
scope of the Standard Specifications for 
Bare, Stranded Copper Cable, Hard, 
Medium-Hard, or Soft (B8-—39)? to 
concentric-lay-stranded construction, 
and the subcommittee is accordingly 
recommending such a revision as given 
later in this report. 

Subcommittee X (C. S. Gordon, chair- 
man) has prepared specifications for lead 
and lead-alloy coated copper wire of 
hard-drawn, medium-hard-drawn, and 
annealed grades which have been circu- 
lated among members of this subcom- 
mittee. Interest in these specifications 
is rather keen at the present time due 
to the scarcity of tin. These specifica- 
tions will shortly be sent to all members 
of Committee B-1 for comments and 
suggestions with the hope that a draft 
4 These spec ifications were accepted as tentative by the 
Society and appear in the 1941 Supplement to Book of 


A.S.T.M. Standards, Part I, p. 369. 
21939 Book of A.S.T.M. Standards, Part I, p. 584. 
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suitable for presentation to the Society 
as tentative can be formulated within 
the coming year. 

Subcommittee XI (R. S. Pratt, chair- 
man) is investigating the needs for 
specifications for special quality copper 
wire. The chairman of this subcom- 
mittee has reported that a subcommittee 
of Committee B-2 on Non-Ferrous 
Metals and Alloys has been formed to 
prepare specifications for oxygen-free 
copper for electrical purposes and that 
Subcommittee XI will postpone its work 
until the subcommittee of Committee 
B-2 has had the opportunity to complete 
its specifications. 

Subcommittee XII (Alired Bellis, chair- 
man) has prepared a draft of specifica- 
tions for tinned-hard or medium-hard 
copper wire for electrical conductors and 
has received some comments from mem- 
bers of the subcommittee. (uestions 
relating to tensile strength and elonga- 
tion values and gage lengths to be used 
during testing predominate. It has been 
tentatively decided to consider for the 
present, wire which has been tinned after 
the drawing processes have been com- 
pleted, leaving for future consideration 
wire drawn after tinning. It has also 
been decided to prescribe tension tests on 
the basis of specimens with 10-in. gage 
lengths for the present, leaving the 60-in. 
gage lengths for future consideration. 
It has also been decided to restrict the 
scope of these specifications to wire not 
smaller than 0.040 in. in diameter. 
Tentatively tensile strength values ap- 
proximately 10 per cent lower than those 
prescribed for uncoated wire of corre- 
sponding tempers are being considered 
with an additional 5 per cent allowance 
for stranding. 

Subcommittee XIII (W. H. Bassett, 
Jr., chairman) is considering the various 
methods of making bend tests and the 
types of testing equipment available. 
The investigation has not been com- 


pleted and no recommendations haye 
been made. 

Subcommittee XIV (Alfred Bellis 
chairman) was formed to-study the use 
of wire bar specifications in wire specif 
cations and has reported that there was 
very little response to the questionnaire 
sent out to Committee B-1 requesting 
opinions on the adequacy of the Standard 
Specifications for Lake Copper Wire 
Bars, Cakes, Slabs, Billets, Ingots, and 
Ingot Bars (B 4-27), and for Electro- 
lytic Copper Wire Bars, Cakes, Slabs, 
Billets, Ingots, and Ingot Bars (B 5 - 27 
for use in the wire specifications. It has 
been decided to discontinue this sub- 
committee and designate Alfred Bellis 
and G. H. Frank to work with a similar 
group from Committee B-2 on Non- 
Ferrous Metals and Alloys, since Specif- 
cations B 4 and B 5 are under the juris- 
diction of Committee B-2. 

This joint committee has_recom- 


mended to Committee B-2 that they 


consider changing the resistivity requite- 
ments for electrolytic copper wire bars 
in Specifications B 5 and the resistivity 
requirements for low resistance lake 
copper for lake copper wire bars in 
Specifications B 4 from the present mau 
mum of 0.15436 ohm (meter, gram) to the 
new value of 0.15328 ohm (meter, gram 
This lowering of the maximum resistivity 
requirement will raise the conductivity 
requirement from 99.3 per cent to ai 
equivalent requirement of 100 per cent 
conductivity. Committee B-1 is propo 
ing the lowering of the resistivity requitt 
ments of the Standard Specifications for 
Soft or Annealed Copper Wire (B 3-3 
and the Standard Specifications for Hot 
Rolled Copper Rods for Electrical Pur 
poses (B49~39) to increase the 
equivalent conductivity requiremet! 
from 98.1 per cent to a minimum requie 
ment of 100 per cent conductivity. Ths 
has been submitted to letter ballot 4 
this committee for approval on the bas: 
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work on the other assignments and will 


" sistivity requirements in the wire bar endeavor to make recommendations for 
lis specifications to a compensating figure. area tolerances which are acceptable to 
use It is planned to compile a complete list the industry and which will make the 
“if of the various resistivity and correspond- __ specifications more generally appiicabie. 
was ing conductivity requirements of the Subcommittee XVI (R. S. Pratt, chair- 
aire copper products covered in the A.S.T.M. man) is studying certain dimensional 
ing specifications under the jurisdiction of changes in the Standard Specifications 
lard Committee B-1, Committee B-2, and for Bronze Trolley Wire (P 9-39) and 
Vire Committee B-5 on Copper and Copper for Copper Trolley Wire (B 47 — 39) in 
and Alloys and submit it to the members of _ order to clarify Fig 1 of these specifica- 
tro- Committee B-1 for study. tions showing the standard se tions of 
abs, Subcommittee XV (G. E. Rolston, grooved trolley wire, and ir order to 
yi chairman) is studying the dimensional indicate that certain dimensional toler- 
has tolerances prescribed in the various ances are fc the informition of the 
sub- specifications prepared under the juris- die makers ai. ~** not intended as the 
ellis diction of Committee B-1. The purpose dimensions of tic fin.. ou product. In 
silos of this study is to remove as far as possi- studying this matter .uis subcommittee 
Non- ble the inconsistencies in dimensional has found it desirable to provide a mi- 
ecifi- tolerances of similar specifications. The crometer gage for checking the dimen- 
juris. immediate study is to include the sions of the finished wires. A design for 
Standard Specifications for Bare, this gage has been prepared and dis- 

COM Stranded Copper Cable, Hard, Medium- cussed, but it has been found necessary to 
they Hard, or Soft (B 8 — 39)? and the pro- review the design further before it will 
suite posed Tentative Specifications for Rope- be acceptable to all members. 

bars Lay-Stranded and Bunch-Stranded Cop- | 

tivity per Cables for Electrical Conductors." REVISIONS OF STANDARDS 

lake A comparison is to be made of these The tee 
rs in J “quirements with industry require- mediate adoption revisions in the Stand- 
maxi- J ments as given in the Insulated Power rq Specifications for Bare, Stranded 
to the Cable Engineers Association Specifi- Copper Cable, Hard, Medium-Hard, or 
ram). ne for Varnished Cambric_ In- Soft (B 8 — 39) as indicated below, and 
tivity em Cables, the Underwriters accordingly asks for a favorable nine- 
ctivily ST aa Standards for Rubber-Cov- tenths vote at the annual meeting in 
to an rs Wire, the Association of Edison order that these modifications may be 
r cent . Companies Specifications referred to letter ballot of the Society. 
Insulated, Lead-Covered These revisions are necessitated by the 
equite eA.S.T.M. Fentative Specifica~ preparation of new proposed Tentative 
ons for ns lor Insulated Wire and Cable: Specifications for Rope-Lay-Stranded 
3-3 — AO, 30 get cent Hevea Rubber and Bunch-Stranded Copper Cables for 
yr Hot: mpound (D 27 40 T), _and other Electrical Conductors! which restrict 
al industry specifications covering stranded scope of Specifications B 8: 
e the wire. Certain revisions relative to di- 
remett @ ™éensional tolerances in the Standard Title.—Change to read as follows by 
require § °Pecifications for Hard-Drawn Copper the addition of the italicized words and 
This Wire (B 1-40) and for Medium-Hard- the omission of the word in brackets: 
allot . — Copper Wire (B - ~ 40) were Specifications for [Bare,| Concentric-Lay- 
he bass adopted by the Society last year. Stranded Copper Cable, Hard, Medium-Hard, 


This subcommittee is continuing its or Soft. 
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TABLE I.—DIAMETERS, AREAS, AND WEIGHTS OF CONCENTRIC-LAY-STRANDED COPPER CABLEs 
Nominal Cable Diameter, in.* Weight 

Area, sq in. 

Class AA | ClassA | Class B per 1000 ft-lb. 

-927 15 890 
-448 14 300 
.309 142 12 590 
-159 749 11 020 
-998 .356 9 353 
-824 7 794 
-632 6175 
590 5 866 
.548 5 558 
.526 5 403 
504 5 249 
4940 
4631 
4 323 
315 4014 
289 3 859 
. 263 3 705 
.209 3 396 
.152 3 088 
900 000 cir. 2779 
*800 000 cir. -031 2 470 
*750 000 cir. mils a -998 -998 2 316 
*700 000 cir. mil: 96: -964 964 2 161 
650 000 cir. mils. .929 2 007 
*600 000 cir. mils 891 1 853 
550 000 cir. mils 1 698 
*500 000 cir. mi 1544 
450 000 cir. mils , 772 1 389 
*400 000 cir. mils .72¢ -726 1 235 
*350 000 cir. mils 71 679 1 081 
*300 000 cir. mils 65 -629 926.3 
*250 000 cir. mils " .574 .1963 771.9 


Size of Cable, cir. mils or 
A.w.g. numbers 


*5 000 000 cir. 
4 500 000 cir. 
4 000 000 cir. 
3 500 000 cir. 

*3 000 000 cir. 

*2 500 000 cir. 

*2 000 000 cir. 
1 900 000 cir. 
1 800 000 cir. 
*1 750 000 cir. 
1 700 000 cir. 
1 600 000 cir. 
*1 500 000 cir. 
1 400 000 cir. 
1 300 000 cir. 
*1 250 000 cir. 
1 200 000 cir. 
1 100 000 cir. 

*1 000 000 cir. 


.580 
-448 
.158 
.998 
.823 
590 
.526 
459 
Ail 
.314 
288 
.263 
.209 


.1662 653.3 
518.1 
.1045 410.9 
-08289 325.8 
No. 1, 3 wire bd .06573 255.9 
io. 1 : -06573 258.4 
‘o. 2, 3 wire -05213 202.9 
2 -05213 204.9 
3, 3 wire -04134 160.9 
3 -04134 162.5 
4, 3 wire -03278 127.6 
.4 .03278 128.9 
.02600 102.2 
.02062 81.05 
.01635 64.28 
-01297 50.97 
-01028 40.42 
-008155 32.06 
-005129 
.003225 
-002028 
-001276 
0.0363 .0008023 


* The sizes of cable which have been marked with a single asterisk provide for one or more schedules of preferred ser 
and are commonly used in the industry. ‘The sizes not marked are given simply as a matter of reference, and it is sugge 
that their use be discouraged. 

@ To calculate the nominal diameters of class C or class D cables or of any concentric-lay-stranded cables made! 
round wires of uniform diameters, multiply the diameter of an individual wire (as given in Table I1) by that one ol 
following factors which applies: 

Aithsicti Number of Wires in the Cable ‘Factor to Calculate Cable Diameter 
3 2.155 
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Section 1 (a).—Change to read as 
follows by the addition of the italicized 
words and the omission of the word in 
brackets: 


4 
Copper WIRES FOR 


(a) These specifications cover |bare,| concen- 
tric-lay-stranded cables made from round cop- 
per wires, for general use as electrical conductors. 


Section 4 (c).-Add the following new 
sentence at the end of this paragraph: 


The lay of the layers other than the two 
iter layers shall be at the option of the manu- 
icturer, unless otherwise agreed upon. 


Table IJ.—In the column _ headed 
“Area of Cross-Section, cir. mils’ omit 
the asterisk reference from 1,300,000; 
insert an asterisk before 1,250,000. 

In the column headed ‘Diameter of 
Wires” under class D, change the wire 
size of the 1,700,000 cir. mils cable from 
“88.6 mils” to read ‘88.5 mils.” 

In the column headed “Diameter of 
Wires” under class B, change the wire 
size for the 3,500,000 cir. mils cable from 
‘143.8 mils” to read ‘'143.9 mils.” 


Section 6 (d).—Change from its pres- 
ent form to read as follows: 


(d) At the option of the purchaser, tension 
{elongation tests on hard-drawn and medium- 
ud-drawn wires before stranding may be 
ived, and the completed hard-drawn and me- 
m-hard-drawn cables may be tested as a 
it. The breaking strength of the bare cables 
tested shall be at least 90 per cent of the total 
the specified minimum breaking strengths of 
component wires. The maximum breaking 
strength of cable made from medium-hard 
irawn wires shall be not greater than the sum 
the specified maximum breaking strengths of 
‘component wires. The minimum breaking 
ength of wires shall be calculated using nomi- 
il specified diameters and minimum specified 
tensile strengths. The maximum breaking 
trength of wires shall be calculated using nomi- 
il diameters and maximum specified tensile 
strengths. The free length between grips of the 
test specimen shall be not less than 24 in., and 
are shall be taken to insure that the wires in 
the cable are evenly gripped during the test 
Note 4). 


ELECTRICAL CONDUCTORS 


Section 8.—Change from its present 
form to read as follows: 


8. The weight and electrical resistance of a 
stranded conductor are greater than the total — 
of these characteristics of the wires composing © 
the cable, depending upon the lay or pitch. 
The standard increment of increase of weight 
and resistances shall be taken as follows: 


Increment 
of Increase of 
Resistance 
and Weight, 
per cent 


1 


Type of Cable 


Over 3 000000 to 4.000 000 cir. mils...... 
Over 4 000 000 to 5 000 000 cir. mils. 


* Not less than No. 0 A.w.g. 


In cases where the lay is definitely known 
the increment may be calculated if desired. 


Section 9.-At the end of this section 
add a reference to Note 9. 

Explanatory Notes. Add a new Note 9 
to read as follows, including a new Table 
IV (the accompanying Table I): 

Note 9.—For the convenience of the users 
of these specifications Table IV (the accompany-_ 
ing Table I of this report) has been prepared — 
giving the approximate diameters, areas, and 
weights per 1000 ft. and per mile of the various 
constructions referred to in Table IT. 


This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 41 members; 38 mem- 
bers returned their ballots, of whom 32_ 
have voted affirmatively, 0 negatively, 
and 6 members marked their ballots 
“not voting.” 

The committee recommends lowering 
the resistivity requirements of the Stand- 
ard Specifications for Soft or Annealed 
Copper Wire (B 39),? and for Hot-- 
Rolled Copper Rods for Electrical Pur-— 
poses (B 49 — 39)® to correspond to com- 
pensating resistivity changes being con- 


2 1939 Book of A.S.T.M. Standards, Part I, pp. 559 and | 
548. 
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sidered concurrently by Committee B-2 
in the Standard Specifications for Lake 
Copper Wire Bars (B 4-27), and for 
Electrolytic Copper Wire Bars (B 5 
27). Approval is being asked on the 
basis of Committee B-2 approving this 
change.‘ 

Resistivity. In Section 4 of Specifica- 
tions B 3 and Section 5 (a) of Specifica- 
tions B 49 change the resistivity value 
from “891.58” to read “875.20” ohms 
(mile, pounds). 

This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 41 members; 38 mem- 
bers returned their ballots, of whom 31 
have voted affirmatively, 1 negatively, 
and 6 members marked their ballots 
“not voting.” 


New TENTATIVE STANDARD 
Tentative Specifications for Rope-Lay- 
Stranded and Bunch-Stranded Copper 
Cables for Electrical Conductors®—A 
draft of these specifications appeared 


4See Editorial Note, p. 168. 
5 See Editorial Note below. 
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in the preprint of the 1940 report of 
committee, but was withdrawn a 
resubmitted to Subcommittee VIII ; 
view of certain objections raised at the 
meeting in Atlantic City. A revised 
draft of the specifications, as appended 
hereto,! has now been presented to the 
committee and is recommended for 
publication as tentative. 

This recommendation has been sul 
mitted to letter ballot of the committee 
which consists of 41 members; 38 men- 
bers returned their ballots, of whom 3) 
have voted affirmatively, 0 negatively, 
and 8 members marked their ballots “t 
voting.” 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 41 members; 38 members have 
returned their ballots, of whom 37 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
J. H. Foote, 
Chairman, 
G. E. DEAN, 
Secretary. 


EDITORIAL NOTE 


Subsequent to the annual meeting, Committee B-1 presented to the 
Society through Committee E-10 on Standards, an Emergency Alternate 
Provision in the Tentative Specifications for Rope-Lay-Stranded and Bunch- 
Stranded Copper Cables for Electrical Conductors (B 158-417). This 
recommendation was accepted by Committee E-10 on November 28, 1941, 
and the Emergency Alternate Provision appears in the form of an insert 


sheet in the 1941 Supplement to Book of A.S.T.M. Standards, Part I, p. 369. 
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Committee B-2 on Non-Ferrous Met- 
als and Alloys held one meeting during 
the year: on June 26, 1940, in Atlantic 
City, N. J. 

Subsequent to the annual meeting in 
1940, Committee B-2 presented to the 
Society through Committee E-10 on 
Standards new Tentative Specifications 
for Soft Solder Metal (B 32-40 T) asa 
revision of and toreplace immediately the 
Standard Specifications for Solder Metal 
(B32-21). This recommendation was 
accepted! by Committee E-10 on August 
28, 1940, and the new tentative specifi- 

tions appear in the 1940 Supplement 
to Book of A.S.T.M. Standards, Part I, 
p. 442. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Refined Copper 
| L. Christie, chairman).—At the 
neeting of this subcommittee held in 
\ilantic City, N. J., on June 25, 1940, 
the Tentative Specifications for Electro- 
‘tic Cathode Copper (B 115 38) 
“ere discussed in detail; the comments 
nd criticism being about the same as 
nose made when these specifications 
ere being drafted. It was voted at 
the meeting to allow these specifications 
‘0 remain in the tentative status for 
another year. The question of adopting 
the specifications as standard was again 
brought to the attention of the members 
of the subcommittee by letter ballot 


submitting these recommendations to Committee 

pandards, Committee B-2 reported the following 

returned § the letter ballot vote of a total of 76 ballots 

“in ‘fom a Committee membership of 101: Affirmative 
» Regative 2, and 30 ballots marked “not voting.” 
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NON-FERROUS METALS AND ALLOYS 


on April 7, 1941. Of the 34 members, 
22 members returned their ballots, of 
whom; 19 voted affirmatively, 1 nega- 


tively, and 1 ‘‘not voting,’’ whereas one 
y; g 


member voted in favor of modifying 
the specifications. The subcommittee 
has accordingly recommended to Com- 
mittee B-2 that these specifications be 
approved and submitted to the Society 
for formal adoption as standard. 

A subgroup has been appointed to 
prepare specifications covering oxygen- 
free copper for electrical purposes. 
Work on this project is now under way 


under the chairmanship of Carter S. 


Cole. 


Subcommittee III on White Metals 


and Alloys (G. H. Clamer, chairman),— _ 


As mentioned earlier in this report the 


revised Specifications for Soft Solder | 


Metal (B 32 — 40 T) were accepted as 
tentative by Committee E-10 on Stand- 
ards. Some minor revisions have been 
suggested and are under consideration. 
The Standard Specifications for White 
Metal Bearing Alloys (Known Commer- 


cially as “Babbitt Metal’’) (B 23 - 26) 


have been under consideration by a 
subgroup and definite recommendations 
as to revision are being studied. , 

Subcommittee VII on Refined Nickel 
and High Nickel Alloys, Cast and 
Wrought (O. B. J. Fraser, chairman 
pro tem).—Mr. C. E. Margerum, who 
has been chairman of Subcommittee 
VII since its inception, has found it 
necessary to resign due to the pressure 
of his official duties at the Bureau of 


2 See Editorial Note, p. 168. 
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Ordnance, United States Navy. The 
chairman of Committee B-2, therefore, 
asked O. B. J. Fraser to act as chairman 
pro tem, pending the election of a 
permanent subcommittee chairman. 

In view of the work under way on 
numerous specifications, several users of 
high nickel alloys, already members of 
the Society, were asked to associate 
themselves with this effort, and the 
membership of the committee was cor- 
respondingly expanded, with the ap- 
proval by letter ballot of the B-2 
Advisory Committee. 

Two meetings of the subcommittee 
were called, one for New York on Feb- 
ruary 17 and one for March 5 in Wash- 
ington. At the former meeting a 
quorum was not present, but consider- 
able discussion laid the ground work for 
later action. 

At the second meeting, the subcom- 
mittee accepted the following changes 
in the ‘Tentative Specifications for 
Nickel-Copper Alloy Plate, Sheet, and 
Strip (B 127 39 T)? 

Table I.--Change the tensile strength 
ranges of annealed cold-rolled sheet and 
annealed cold-rolled strip from ‘70,000 
to 80,000” to read ‘70,000 to 85,000” psi. 

Change the tensile strength ranges of 
quarter-hard cold-rolled sheet and quar- 
ter-hard cold-rolled strip from ‘75,000 
to 85,000” to read “78,000 to 85,000” psi. 

Change the minimum Rockwell hard- 
ness of hard, stress equalized cold-rolled 
strip from ‘94B” to “98B.” 

Section 10 (c). Change 
present form: 


its 


(c) Tension test specimens shall be taken 
from finished material and in the direction of 
rolling. 


to read as follows: 
(c) Tension test specimens from plate, sheet, 
and strip shall be taken and tested transversely 


to the direction of rolling, when width will 
permit. 


3 1939 Book of A.S.T.M. Standards, Part I, p. 1134. 


Table IT.—Change from its present 
form to read as shown in accompanying 
Table I in order that the tolerances wil] 
conform to those given in the Federal 
Specification for Nickel-Copper Alloy; 
Forgings, Plates, Rods, Shapes, Sheets, 
Strips, and Wire (QQ-N-281) (May 
28, 1940). 

Table IIT.—Change from its present 
form to read as shown in accompanying 
Table IT. 


TABLE I.—PERMISSIBLE VARIATIONS IN 
THICKNESS OF COLD-ROLLED SHEET 
AND STRIP. 


Permissible 


Thickness, in. Variations, in. 


plus | minus 


CoLp-ROLLED SHEET, HARD OR ANNEALED, UP TO 50 IN. 
IN WipTH* 


0.034 and under 

Over 0.034 to 0.062, incl................ 
Over 0.062 to 0.125, incl................ 
Over 0.125 to 0.187, incl 

Over 0.218 to 0.234, incl................ 
Over 0.234 to 0.250, incl 


CoLp-RoLLED SATIN FINIsH SHEET, ALL Wiptss 


0.030 and under 

Over 0.030 to 0.043, incl................ 
Over 0.043 to 0.070, incl 

Over 0.070 to 0.093, incl................ 


STRIP, UP TO 18 IN. IN WipTH 
0.012 and under.... 
Over 0.012 to 0.050, incl 
Over 0.050 to 0.093, incl 
Over 0.093 to 0.125, incl 
Over 0.125 to 0.156, incl................ 
Over 0.156 to 0.250, incl................ 


| 
| 


@ Cold-rolled sheet over 50 in. in width shall have a 
permissible variation in thickness of plus or minus 5 per 
cent of the nominal weight. 


Table IV'—In the last column, change 
the permissible variations in width for 
sheet of all thicknesses from “+0.062° 
to “+0.062” and “—0.” 

The above revisions have been sub- 
mitted to Committee B-2 and will be 
acted on at the June meeting for sub- 
mission to Committee E-10 
Standards.” 

The subcommittee has prepared mint 
new specifications for various wrought 
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forms of high nickel alloys the titles of 


hich are as follows: : 


Specifications for: 


Nickel, Nickel-Copper Alloy and Nickel- 
Chromium-Iron Alloy Seamless Condenser 
Tubes and Ferrule Stock, 

Nickel-Chromium-Iron Alloy 
Pipe and Tubing, 

Nickel Cold-Drawn Pipe and Tubing, 

Nickel-Chromium-Iron Alloy Rods and Bars, 

Nickel Plate, Sheet and Strip, 

Nickel Rods and Bars, 

Nickel-Chromium-Iron Alloy Plate, Sheet 
and Strip, 

Nickel-Copper Alloy Rods and Bars, and 

Nickel-Copper Alloy Cold-Drawn Pipe and 
Tubing. 


Cold-Drawn 


167 


tee B-2 and it is expected that at the 
meeting to be held during the annual 
meeting these specifications will be 
approved for submittal to the Society 
for publication as tentative through 
Committee E-10 on Standards.? 

Subcommittee VIIT on Miscellaneous 
Refined Metals and Alloys (EF. E. Schu- 
macher, chairman).—This subcommittee 
has under consideration the adoption as 
standard of the Tentative Specifications 
for Phosphor Tin (B 51 — 38 T), for 
Phosphor Copper (B 52 — 38 T), and 
for Silicon Copper (B 53 — 38 T). 

This report has been submitted to 


TABLE II.—PERMISSIBLE OVERWEIGHTS OF PLATES ORDERED TO THICKNESS. 


Permissible Excess in Average Weight of Lots for Widths Given, in., Expressed in 


Thickness, in. 


48or | 48 to 60, 
under excl. 


Percentage of Nominal Weights 


72 to 84, | 84 to 96, | 96 to 108, |108 to 120,120 to 136, 
excl. 1 excl. excl. excl. 


awn 
uw 


an 


5 
5 


5 
9 10.5 


9 
7.5 


At the meeting in March, numerous 
inges were suggested and agreed to 
the wording of the above specifica- 
ns. These changes have been incor- 
ted in the specifications which were 
roved by letter ballot of the sub- 
mmittee and submitted to Committee 


Copies of the specifications have been 


tributed to the members of Commit- 


letter ballot of the committee, which 
consists of 118 members; 54 members 
returned their ballots, of whom 52 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 7 


the committee, 
EK. E. Tuum, 
Chairman. 
C. E. Swartz, 
Secretary. 


(See Editorial Note, p. 168.) 
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EpITrorRIAL 


Subsequent to the — meeting, Committee B-2 presented to the Society 
through Committee E-10 on Standards the following recommendations: 

New Tentative Specifications for: 
Nickel Rods and Bars (B 160 — 41 T), a 
Nickel Cold-Drawn Pipe and Tubing (B 161 - 41 T), . 
Nickel Plate, Sheet, and Strip (B 162 — 41 T), 

Nickel, Nickel-Copper Alloy, and Nickel-Chromium-Iron Alloy Seamless 
Condenser Tubes and Ferrule Stock (B 163 - 41 T), 

Nickel-Copper Alloy Rods and Bars (B 164 — 41 T), 

Nickel-Copper Alloy Cold-Drawn Pipe and Tubing (B 165 — 41 T), 

Nickel-Chromium-Iron Alloy Rods and Bars (B 166 — 41 T), 

Nickel-Chromium-Iron Alloy Cold-Drawn Pipe and Tubing (B 167 - 41 T), 

_ Nickel-Chromium-Iron Alloy Plate, Sheet, and Strip (B 168 — 41 T), 

Revision of Tentative Specifications for: ; 
Nickel-Copper Alloy Plate, Sheet, and Strip (B 127 — 39 T), and 
Electrolytic Cathode Copper (B 115 — 38 T). 

These recommendations were accepted by Committee E-10 on August 25, 
1941, and the A.S.T.M. serial designations indicated above were assigned the 
specifications. The new and revised tentative standards appear in the 1941 
Supplement to Book of A.S.T.M. Standards, Part I, pp. 495, 510, 528, 524, 
500, 515, 505, 520, 539, 533, and 367. 

Committee B-2 also submitted to Committee E-10 the following three 
additional recommendations which were accepted on January 17, 1942: 

Proposed Tentative Specifications for: 

Oxygen-Free Electrolytic Copper Wire Bars, Billets, and Cakes — 
Tentative Revision of Standard Specifications for: 

Lake Copper Wire Bars, Cakes, Slabs, Billets, Ingots, and Ingot Bars 
(B 4-27), and Electrolytic Copper Wire Bars, Cakes, Slabs, Billets, 
Ingots, and Ingot Bars, (B 5-27) 

The new tentativ- specifications have been issued as a separate reprint 
bearing the designation B 170-42 T. The tentative revisions of Standard 
Specifications B 4 and B 5 will be published in the ASTM BULLETIN No. 
115, March, 1942. 
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ON 


CORROSION OF NON-FERROUS METALS AND ALLOYS 


Committee B-3 on Corrosion of Non- 
Ferrous Metals and Alloys held two 
meetings during the year: one in Atlan- 
tic City, N. J., on June 26, 1940, and one 
n Washington, D. C., on March 5, 1941. 

[he committee has been active during 
the past year through its Subcommittees 
I on Total Immersion, III on Spray 
fest, VI on Atmospheric Corrosion, and 
‘III on Galvanic and _ Electrolytic 
Corrosion in carrying forward the pro- 
grams under the sponsorship of these 
subcommittees. 

Committee B-3 has authorized the 
rmation of a subcommittee to be 
nown as Subcommittee V on Statistical 
Analysis and Test Planning and another 
to be known as Subcommittee VII on 
Weather Data. The scope of the latter 
subcommittee will be to obtain more 
tmospheric data than is given in the 
qual weather report. 

REVISION OF TENTATIVE STANDARD 

fhe committee recommends that the 

‘entative Method of Salt Spray Testing 
t Non-Ferrous Metals (B 117 — 39 T) 
b€ revised as recommended by Subcom- 
mittee IIT and continued as tentative. 

This recommendation has been sub- 

tted to letter ballot of the committee 
ich consists of 60 members; 37 
members returned their ballots, of 

‘tom 32 voted affirmatively, 1 nega- 
tively, and 4 members marked their 
ballots “not voting.” 


ACTIVITIES OF SUBCOMMITTEES 
I on Total Immersion 
est (A. W. Tracy, chairman).—This 
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subcommittee has made total immersion 
tests on copper in normal solutions of 
sulfuric acid, sodium chloride, and 
sodium hydroxide, aerated and non- 
aerated. These cooperative tests 
showed excellent agreement in 80 per 
cent of the results, but further work will 
be necessary before a standard method of 
test can be presented. 

Subcommittee III on Spray Test (E. H. 
Dix, Jr., chairman).— Subcommittee III 
met once during the past year, at which 
time comments received since the pub- 
lication of the Tentative Method of Salt 
Spray Testing of Non-Ferrous Metals 
(B 117 — 39 T)! were considered. As a 
result of these discussions, the following 
revisions in Method B117 were ap- 
proved: 

Section 2 (e). 
fourth sentences 
form: namely, 


Change the third and 
from their present 


In normally “dry” climates and in con- 
nection with chambers operating at elevated 
temperatures, the compressed air shall be 
saturated with water at the operating tem- 
perature. The design of the saturator is 
optional but its construction shall be of glass or 
other corrosion-resistant material, and it shall 
deliver to the nozzle air having a relative 
humidity of at least 90 per cent. 


to read as follows: 


The compressed air supplied to the nozzle 
shall have a relative humidity of at least 90 per 
cent, which may be attained by passing the air 
through a saturator of optional design but 


constructed of glass or other corrosion-resistant — 


material. For chambers operating at an 
elevated temperature, the air shall be heated to 


11939 Book of A.S.T.M. Standards, Part I, p. 1169. 
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and humidified at the operating temperature 
(or slightly above) before being supplied to the 
nozzle. 


Omit Note 1 following Section 2 (e) 
and renumber Note 2 accordingly. 

Renumber Note 3 following Section 2 
(g) as Note 2 and change to read as 
follows: 

Nore 2.—-The most satisfactory way to 
support specimens during exposure is to fasten 
them to a wooden strip. This method is par- 
ticularly advantageous for the exposure of 
irregularly shaped specimens to be exposed at 
some predetermined slope. The strip should 
be at the bottom of the specimen, and the area 
of the specimen in contact with the strip should 
be protected against special attack. Suspen- 
sion from glass rods also is an acceptable method 
of exposure but is normally used only for 
tension specimens or flat panels. The speci- 
mens may be drilled and strung on the rod or 
suspended from it by glass hooks, wire of 
essentially the same composition as the speci- 
men, or string suitably treated (as by waxing) 
to prevent leaching therefrom of corrosive 
materials. When panels are exposed at a 
predetermined slope, the spacing of the racks 
and the angle of slope shall be such that the 
entire surface is exposed to the freely-settling 
mist. 


With the inclusion of the above 
changes, the subcommittee decided to 
continue Method B 117 as tentative. 

The subcommittee decided to canvass 
the industry as completely as possible 
during the coming year to learn to what 
extent salt spray testing was being 
employed, how many laboratories were 
following the procedures described in 
Method B 117, and to gather suggestions 
for improving the present test procedure 
or preparing additional methods. 

Subcommittee IV on Specifications (E. 
A. Anderson, chairman).—This_ sub- 
committee has been discharged as its 
functions have been taken over by the 
newly organized Committee B-8 on 
Electrodeposited Metallic Coatings. 

Subcommittee VI on Atmospheric Cor- 
rosion (W. H. Finkeldey, chairman). 
The principal activity of Subcommittee 


REPORT OF COMMITTEE B-3 { 
d 


VI during the past year has been the 
study, by a special subgroup of the sub. 
committee, of the statistical methods 
used by the committee in analyzing the 
test data resulting from the removal of 
test specimens to date. The report of 
this subgroup appended hereto is jp. 
cluded as part of the report of Subcom. 
mittee VI for this year. 

Because of the expanding needs of the 
Navy in the past year, the subcommittee 
found it necessary to move its test rack 
from the Navy reservation to the Army 
reservation at Key West, Fla. Thenew 
location has substantially the same 
exposure conditions as the previous 
location. 

Repairs are being made to the test 
racks and supporting structures at 
several locations where severe corrosion 
and damage has occurred. The con- 
mittee has not as yet decided on the 
date for the next removal of test speci- 
mens from the exposure test locations. 

Subcommittee VITI on Galvanic ani 
Electrolytic Corrosion (L. J. Gorman, 
chairman).—This subcommittee _ has 
been engaged in assembling specimens 
and preparing plans for the atmospheric 
exposure tests on stainless steel coupled 
with other metals. 

The following stainless steels have 
been selected for this test: , 

Stainless steel 18 per cent chromium, 8 pet 

cent nickel—Type 304, and 

Stainless steel 18 per cent chromium, 8 pet 

cent nickel, with 2 to 3 per cent molyl- 
denum—Type 316. 

The other metals to be coupled wit 
stainless steel are as follows: 

Aluminum 2S, half hard temper, 

Aluminum alloy 24S-T, 

Aluminum alloy 53S~-T, 

Copper electrolytic, tough 

tempered, 

Mild steel, 

Lead, 6 per cent antimony, 

Zinc, prime western, 

Monel metal, and 

Architectural bronze. 
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The test locations are as follows: 


New York, N. Y. 
Altoona, Pa., 

State College, Pa., 
Wilmington, N. C., and 
La Jolla, Calif. 

All of the specimens for the tests have 
een received, and it is expected to have 
e test racks assembled and placed on 
sposure during the early part of the 
summer. 

During the year no further considera- 
tion has been given to the corrosion of 
malvanic couples exposed to sea water. 
[he work to date on these tests consists 
{ preliminary tests made at Wilming- 

N. C. Two papers, one entitled 

Some Observations of the Potentials 
i Metals and Alloys in Sea Water,” by 
F. La Que and G. L. Cox,’ and the other 
Controlling Factors in Galvanic Cor- 
sion,” by W. A. Wesley,? were spon- 


roceedings, Am. Soc. Testing Mats., Vol. 40, pp. 670, 
1940). 


sored by Committee B-3 and included in 
the 1940 report. Attention is again 
called to these papers because they 
constitute a very valuable contribution 
on the behavior of metal couples in sea 
water. It is proposed to resume work 
on the sea water tests as soon as the 
racks for the present atmospheric tests 
have been assembled and placed on 
exposure. 


This report has been submitted to 
letter ballot of the committee which 
consists of 60 members; 37 members 
returned their ballots, of whom 36 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 

Sam Tour, 
Chairman. 


A. W. Tracy, 
Secretary. 
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REPORT OF SUBGROUP ON STATISTICAL METHODS OF ANALYSIS 


In 1931 Subcommittee VI on Atmos- 
pheric Corrosion initiated outdoor expo- 
sure tests on rolled samples of 24 non- 
ferrous metals and alloys in nine exposure 
locations. Two 9 by 12-in. test panels 
were exposed for weight change deter- 
minations in each location. In addition, 
sufficient machined tension test speci- 
mens were exposed to permit removal 
and testing in groups of six for five 
exposure periods, originally planned to 
extend over a total interval of 25 yr. 
A full description of the metals and alloys 
included in these tests, giving chemical 
composition, mechanical properties, and 
microstructure, appears in the 1932 
report of Committee B-3.! 

When these tests were set up the 
subcommittee contemplated subjecting 
six specimens of each material from 
each exposure location to tensile strength 
and elongation determinations. An ad- 
ditional set of six specimens held in 
storage for the same length of time 
was also to be tested. So far in this 
program, tests have been made after 1, 
3, and 6 yr. of exposure and the data 
have been presented in tabular form in 
reports of Subcommittee VI? 

When the work was initiated no con- 
sideration was given to the possibility 
of using statistical methods of analyzing 
the test data. Ata later date, however, 
the desirability of using some form of 
statistical analysis was recognized and 

1 Proceedings, Am. Soc. Testing Mats., Vol. 32, Part I, 
p. 214 (1932). 

2 Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, 


p. 234 (1933); Vol. 35, Part I, p. 142 (1935); Vol. 38, Part I, 
p. 194 (1938). 


a formula* was adopted for the estimz. 
tion of the change in properties due ty 
pure chance. The applicability of thi 
formula to data of the type obtained jy 
the committee’s work has been th 
subject of some discussion and a special 
subgroup was appointed in 1938 ty 
investigate the whole matter of how bes 
to analyze these data. As a result, this 
report has been prepared by the sub- 
group consisting of E. A. Anderson, 
chairman, A. W. Tracy, and W. £. 
Campbell. 

The work of this subgroup has deve: 
oped the conclusion that statistical 
methods are applicable in the interpre. 
tation of the present data in spite of the 
small number of specimens included is 
each test. It was also concluded, hov- 
ever, that there are certain difficulties 
in conducting such analysis and thi 
phase of the problem will require furthe 
study. The subgroup is not yet read) 
to make a final report. 

To analyze data statistically require 
that there be available the averages at 
the so-called standard deviations. Th 
latter were not made available in th 
earlier reports of the subcommitte 
As part of the work of the subgroy 
on statistical analysis the tensile streng! 
data for the three completed exposut 
periods have been retabulated and t 
standard deviations recalculated. Tbs 
work was done to eliminate  possil! 
errors and to insure uniformity in & 

3See Report of Committee B-3 on Corrosion of Ne 


Ferrous Metals and Alloys, Proceedings, Am. Soc. Te 
Mats., Vol. 35, Part I, p. 144 (1935). 
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TABLE I.—STATISTICAL ANALYSI 


X 


4 Altoona, 


On ATMOSPHERIC CORROSION 


Average Tensile Strength in pounds per square inch, and 
‘Standard Deviation in pounds per square inch. 


ate | New | Sandy 


| College, 
Pa. 


2 


Hook, 
| N.J. 


Roch- 
| ester, 
| N.Y. 


Material A~Commercial Copper Tough F Pitch) (99.9 + Cu, 0.026 0). 


X 
125.8 
32 380 

106.8 


32 230 | 


179.6 


34 500 
321.5 
34 650 
304.1 
34 410 


33 550 | } 


33 880 | 
219.2 
32 920 
167.4 
32 800 | 
152.8 | 


33 820 | 
157.2 | 
32 700 | 
182.6 
32 400 | 
208.2 | 


33 920 | 


34 100 


106.7 | 
33 050 | 


214.1 
32 800 
163.3 


32 7204 
160.0 


(Phosphorized) (99.9 + Cu, 0.007 P). 


34 580 
261.3 | 
34 380 | 
380.7 | 
34 380 


34 930 
281.3 | 
35 020 | 
333.4 | 
35 030 | 


34 650 
221.7 | 
34 170 | 
169.3 | 
33 960 


34 580 | 


147.0 


34 870 | 


121.4) 434.7) 94.65 | 219.3 | 


294.4 


125.6 


| Key 
West, 
Fla. 


Original: X = 35,200,0 = 556. 


| 34 400 
251.7 

33 180 
157.3 

33 580 
445.1 


Original: 
35 220 | 


194.5 
35 220 


194.5 | 


34 970 
334.6 | 


| 


| Phoenix, 


| 34.270 
314.5 
33 150 
206.2 
33 330 
286.8 


X 


35 180 | 
279.8 | 

35 580 
276.6 
35 650 | 
150.0 | 


33 980 
134.4 
32 450 
345.2 
31 680 
279.4 


34 670 
136.6 
34 630 
298.5 
33 570 


194.5 | 


S OF TENSILE STRENGTH RESULTS FROM ATMOSPHERIC EXPOSURE 
TESTS OF NON-FERROUS METALS 


Storage 


= 35,150, 0 = 275.4 


938. to Copper-Silicon-Manganese Alloy (96 Cu, 3 Si, 1 Mn). Original: X¥ = 59,070, ¢= = 679. 9 


ow best 
alt, this 
he 
1derson, 

W. £. 


devel- 
atistica 
interpre: 
te of the 


1 yr. 
511.6 
57 200 
355.9 
56 200 


3 yr. 


6 yr. 


642.9 | 


Material D—Tin Bronze (92 Cu, 8 Sn). 


56 930 
1 056 
56 330 
461.1 
55 430 


320.3 | 


57 780 | 


57 330 
754.5 
56 920 
317.8 
53 150 
3 533 


57 650 | 
457.2 


55 220 
1 091 


60 070 | 
1 838 
58 680 
334.3 | 
58 430 
309.8 | 


37 030 
793.3 | 


57 530 | 
96.29 | 
55 530 
3 083 | 
56 480 
211.6 | 


57 470 
947.9 

56 380 
995.9 

55 380 
1 210 | 


57 980 
129.5 
56 970 
677.1 
56 320 


825.2 


57 220 | 


806.9 


56 770 | 


521.4 
56 730 
335.6 


Original: 


| 59 570 | 


1951 
59 330 
| 1271 


57 180 | 
204.4 | 


58 070 
987.5 
57 650 


1 084 


57 450 
1 037 


| 873.3 
57 820 

104.9 
57 780 


= 58,930, o 


58 380 
389.6 
57 970 
518.2 
57 250 
553.0 


Material F—Aluminum Bronze (92 Cu, 8 Al). 


58 630 | 


418.5 | 


59 330 
411.4 | 
58 880 | 
706.0 
58 970 
617.9 


= 3001 


58 650 | 
694.6 
57 320 
956.2 | 
58 220 | 
1 108 | 


58 530 
1 598 
56 630 
407.3 
55 820 
896.9 


= 
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Original: ¥ = 74,070," o = 734.9°—Pittsburgh to Key West, incl. 
Original: ¥ = 82,860,0 = 1133—Phoenix and La Jolla. 
Storage set for West and La 
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73 670 
1 435 
70 930 
1 473 
73 060 
1 647 


73 180 | 


73 920 
1 039 


76 290 
1125 
74 300 
1 575 


75 680 | 
1 423 | 


75.940 | 
1 802 | 
75 070 | 
2 520 | 
76 050 | 
1 675 | 


82 970 
1 323 
82 380 
1114 
84 700 
690.4 | 


75 830° 


Material G 


rages alt 
ns. The 
le in the 
ymmitter 
subgrov) 
e streng 
exposutt 
1 and th 
ed. Ths 
> possible 
ity in the 


rosion of 
n. SOC. 


ests 


16 300 
110.9 
| 16 520 


188.3 | 
16 030 | 


204.4 


Material I—Aluminum-Manganese Alloy (1 per cent Mn). 


19 910 | 


130.9 
19 730 
44.72 
19 460 
179.0 


Material K 


1 yr. 118 200 
2 826 
yr. 115 160 


6 yr. 


Commercial Aluminum (99 + Al). 


Original: X 


16,410, 


= 68.73 


4717 
86 930 | 
3617 | 


16 460 
160.2 
16 280 
197.0 
15 870 
124.9 


19 800 
153.6 
19 530 
100.6 
19 030 
86.41 


111 460 | 
4 553 | 


410 
857 | 
86 550 


9757 | 


16 760 
282.1 
16 560 
330.8 
16 560 


358.0 | 


20 400 | 
187.6 | 
20 240 | 


120. 9 | 
20 280 
78.84 | 


16 530 
205.5 
16 370 
114.0 
15 930 


71.09 


20 060 | 
103.8 | 


19 600 
74.52 
19 600 
309.4 


Original: 


124 620 | 


5 884 | 


125 310 | 


5 664 


118 700 


5 491 


116 980 | 
5 648 | 


1)4 880 
5 118 
78 440 | 
3 903 


16 840 
250.8 
16 500 
28.28 
16 220 


215.9 | 


20 100 | 


80.51 
20 050 
181.9 
20 100 


190.4 | 


133 460 
13 650 
123 180 

6 329 

96 690 

1 442 


16 600 


353.1 


20 350 
194.4 
20 370 
102.1 
20 290 
158.2 


4,422 


129 690 


6 213 | 
138 850 | 
4 681 

| 102 530 
2992 


16 670 
550.7 
16 590 
196.1 
16 360 


214.5 | 


20 360 


165.2 | 


20 300 


171.4 | 


20 360 
| 82.73 | 


124 970 
5 965 


122 940 | 
4176 | 
103 820 | 


2 047 


16 770 | 
397.2 
16 700 
452.1 | 
16630 | 
177.1 


Original: X¥ = 20,450, o - 


20 480 | 
176.7 | 
20 640 | 
226.2 
20 040 | 
263. 


124 760 | 
| 6 783 
120 530 


117 270 
5 178 


7 686 | 


788.6 


243.8 


20 200 | 


189.1 
19 070 
429.0 
19 200 
345.6 


98 550° 
11 480° 


95 340 
9111 | 
84 200 


5771 


20 510 
226.0 
20 490 
102.5 
20 440 
87.32 


Manganese ons (High-Tensile- ‘Strength Yellow Brass) (66. 4 Cu, 19.3 Zn, 5.88 Al, 4. 6 Fe, 3.78 Mn) 
2,000, = 


121 710 
3 241 
132 370 
6 695 
123 560 
3114 


Unless oth otherwis 
lon tests of 6 specimens, 


se designated, the original data are based on tension tests of 12 specimens and the other data o on 
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[ON 
180 
84.3 
76.38 | 57.3 
31 «920 570 
Material B—Commercial ¢ 
tyr. X | 5 380 
tyr. 880 | 35.070 5 680 
35.2 204.9) 313.5 
ne. 400° 34.630 | 5 460 
620 
1 836 : 
8 950) 
665.2 
) 480 
lyr. X 270 | 58 280 
16.0 786.4 
930 | 57770 
6 yr. 820 | 56 780 
lyr. X 630 | 72440 | 75 040 | 
625.4| 2123) 1433 | 7.5 
3yr. X 74470 | 71720 | 73120 | 480 | 77 400 
753.9 1 364 2701 | 994 | 731.4 
6yr. X 75110 | 72910} 74530 530 | 77 130° H 
1 364 1908} 1081 002 | 969.8 
lyr. X 850 | 16 220 
317.2 83.4 40.18 
16 350 360 16 410 
me 71.45 12.7 112.4 
yr. - 16,590 16 700 
i 
lyr. X | | : 
3yr. 
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TABLE I.—Continued 
| | State | New | Sandy | Roch- 
| Athoona, College,| York, | Hook, ester, 
| Pa. N.Y. N.j. | N.Y. 
Material L Brass (85 Cu, 15 Zn). Original: 


40 340 | 


| Pitts- Key | ; 
burgh, West, Phoenix, 
Fla. : | 


La 
Jolla 
Cali 


X = 39,900,0 = 


335.5 


39 460 | 


40050! 40410 | 40560 40 530 


46 880 
285.8 
44 180 | 
362.9 | 
41 810 | 
630.3 


354.2 


39 690 


552.3 


38 070 


381.2 | 


47 400 
707.1 


44 680 


581.7 


40 070 


263.5 


48 250 
629.2 
49 070 
280.3 
47 510 | 
455.3 


446.0 
39 740 
308.4 
38 200 


562.7 | 
Material M—Brass (70 Cu, 30 Zn). 


45 850 
345.2 
43 000 
486.5 
39 710 
535.2 


322.9 | 
39 900 

254.9 | 
39 670 

292.0 | 


40 680 | 


39 730 | 
419.3 | 


40 620 | 
333.3 


41 150 
442.5 | 


Original: X = 48,080, ¢ = = 351.2 


47 430 
350.1 | 

47 020 
484.2 

44 770 
569.6 | 


Material N--Admiralty Metal (70 Cu, 29 Zn, 1 Sn). 


| 53 230 | 

| 442.6 | 
52 320 
225.9 
50 700 
369.7 | 


Material O—Duralumin (4 Cu, 0.5 Mn, 0.5 Mg, balance Al). 


62 890 

378.9 
| 60870 | 
734.4 

60 600 | 
| 4413 


Material P—Copper-Nickel-Zinc Alloy (75 Cu, 20 Ni, 5 Zn). 


52 150 
607.6 | 

50 970 | 
985.8 

50 250 
125.8 


Material 1 Q- ‘Copper-Nickel-Tin Alloy (70 Cu, 29 Ni, | 1 _ 


77 270 | 
6 514 | 
78 480 
5 730 
73 930 
4 520 


Nickel- Copper Alloy (65 Ni, 32 Cu, 2 Fe, 1 Mn). 


78 950 
531.5 
79 180 
1 053 | 
78 680 


1 070 


Material T—Commercial Nickel (99 + Ni). 


71 000 | 
412.3 

69 500 
1 884 | 
68 670 } 
430.2 | 


53 370 
308.5 
52 770 
329.4 


51 520 | 
296.2 | 


58 860 
3 715 
59 760 


700.3 | 
60 020 | 


963.5 


53 220 
421.5 
50 180 
518.1 


50 470 | 


286.2 


80 870 
6 560 
79 630 
6 107 
74 070 
4 085 


78 400 
1 318 


78 850 | 
492.4 | 
77 720 | 


569.4 


70 850 | 
298.6 
69 230 
699.5 
67 320 
480.6 


54 230 | 
75 


53 220 
470.1 


65 910 
917.0 
63 880 | 
1 136 
65 O80 
$20.9 


53 480 | 
380.9 

52 320 
392.9 

52 820 


542.6 | 


78 430 


5 481 
76 280 
5 846 
80 020 
5 649 


77 670 
437.8 
79 030 


415.6 | 


79 000 


680.7 | 


71 470 | 
799.0 | 


73 650 | 
403.1 


72 550 | 
713.6 | 


53 600 | 


51 100 


104.9 


59 840 
1 887 
59 790 
919.9 
58 600 
816.7 


52 620 | 


635.9 
50 820 
557.7 
49 970 


1011 


77 550 
4 630 | 
74 030 | 
4 298 
76 670 
2 165 


797.4 


70 560 
792.1 | 
70 450 


987.8 


67 630 
605.0 


53 980 | 
291.7 
53 080 
353.7 | 
51770 
313.9 | 


59 220 
2 056 
59 450 
4124 
60 940 
320.6 


| 53070) 

| 303.1 

| 51650 | 

| 150.0 | 
52 020 | 

225.9 


| 78 800 | 
6 363 
74 550 
2477 
75 470 | 


4308 | 


79 150 | 
1 003 
79 250 | 
677.6 | 
78 030 | 
299.0 


71 880 
280.3 
72 270 
324.2 
| 72 030 | 


364.3 | 


33. 920 
470.1 | 

53 420 
463.0 

52 270 | 
235, 0 | 


63 560 
1 134 
62 860 
351.7 
62 820 
511.5 


Origi 


53 720 
384.3 
52 600 
454.6 
51 030 
559.1 


78 170 
2944 
77 520 
3 217 
75 650 
3 916 


“Origi 
78 500 


912.9 
79 520 


933.2 | 


78 780 
1 013 


Original: 


71 880 


618.0 | 


72 130 
496.0 


71 530 | 


553.2 


M24 | 


62 760 
1 436 
62 930 | 
949.3 
63 700 
935.6 


nal: X = 


52 880 | 
698.9 | 

52 580 
422.4 | 
52 130 
293.1 


Original: = 


74 870 
1.990 | 

74 870 
3 193 | 

72 780 

| 928.4 


nal: X 


78 520 
635.8 
79 970 
593.0 | 
| 79.000 | 
| 611.0 


71,100,4 = 637.44 


71 280 
667 .2 
72 450 
752.2 

72 930 

| 359.7 | 


49 100 


53 770 
334.5 


64 960 | | 
631.2 | 
65 390 
626.2 | 
65 350 
1 148 | 


46 880 | 485 


53 320! 
301.7 | 


Original: = 63 1760, 0 ‘6179 


42 950 | 


54,330, 0 = 357.2 


{ 


53 630 | 


613.1 


76,790, = 3803 


76 450 
3 961 
79 320 
4 785 
78 500 | 
5 374 


79 380 
853.6 | 
78 500 
288.7 
79 050 


485.6 


71 430 
315.2 
72 970 
422.4 
72 800 | 
300.0 


53 500 | 


420.3 


3 503 | 


= 79,390,4 0 = 12784 


78 670 
445.4 
79 980 
628.7 
79 170 
1 027 


71 7380 


174 
lyr. X.. 40 850 | 40090! 
hic 437.8 | 208.4| 
3yr. X 41710 | 40220! 
| ton. 2... | | 
|| 173.2} 607.6 200.0 | 861.2) 
3 yr. | 7 700 48 280 48 630 46650) 
282.8 313.7 335.5} 2363) 
Gyr. X 6660 | 47740 | 48360) 46380] 4% 
487.5 | 679.5 | 671.9) 3254) 
53820) 53730) 53580] sim 
323.1) 335.5 353.7! ait; 
53470 | 54230} 53430) 
2120 A219 1207 
59 
‘ Gyr. X | | 40) 6519 | 
13| 
| 
3yr. X 52 §2 
o 
Gyr. X 5 6 
@... || 
lyr. X | 
o 
3 
3yr. 
| 
6 yr. 00 
|| = 01 
10 
} 


On ATMOSPHERIC CORROSION 


TABLE I.—Concluded 


Pitts- 
burgh, 


| | 
Altoona 
 *| College, | 
Pa. Pa. 


State 


New 
York, 


Sandy | 
Hook, | 
N. J. 


Roch- 
ester, 
Be 


Key 
West, 
Fla. 


| Phoenix, 


Ariz. 


Material U—Chemical Lead (99.92 Pb, 0.06 Cu). Original: ¥ = 2581, 0 = 54.80 


2 392 | 
20.73 
2 335 | 
18.93 
2 367 
2.54 


39 410 
391.2 
38 820 | 
374.2 
38 450 
690.5 


2 421 
18.87 
2 323 | 
17.45 | 
2 338 | 
11.38 


38 180 
2 163 
38 050 
396.9 
36 900 
1 040 


2 429 
29.32 | 
2 345 
7.64 
2 375 
23.63 


40 210 
203.4 | 
40 050 | 
328.7 
41 310 | 
576.3 | 


2 391 | 
20.62 | 
2 332 
22.32 
2 382 
20.77 


38 230 
873.1 
37 920 
786.7 
37 520 
1 181 | 


2 387 | 


39 140 
400.4 
39 280 | 
530.9 | 
37 990 | 


951.8 | 


2 488 | 
53.34 
2 397 
13.15 
2 366 
17.44 


luminum-Magnesium-Silicon Alloy (98 Al, 0.5 Mg, 1 Si). 


40 100 
433.7 
40 780 
855.7 
39 810 | 
496.0 | 


Material AA—Commercial Zinc (Prime Western Grade, 99 Zn, 0.85 Pb). 


o 
3 yr. 


6 yr. 


27 920 


28 670 
344.5 

27 209 
182.6 

24 880 
122.0 


29 000 | 
216.0 
28 600 | 
270.8 | 
27 770 
73.28 


28 500 
244.9 
27 350 | 
354.7 
25 450 | 
138.4 | 


29 100 | 
223.6 | 
28 270 
220.7 | 
27 570 
93.30 


29 580 
279.7 
28 830 | 
153.6 | 
27 680° 
82.92° 


2 453 | 
27.77 
2 357 
8.56 
2 357 
20.97 


La 
Jolla, 
Calif. 


Storage 


Original: X = 39,980,0 = 835.8 


40 020 
357.5 
40 640 | 
163.9 
40 960 
777.2 


41 200 
265.4 
43 000 
1114 
43 300° 
281.3 


32 210 | 


1 361 
31 370 
1 668 
30 200 
1 898 


| 


40 450 
143.5 
41 160 
342.0 
42 170 
83.26 


Original: X = 29,940, 0 = 298.2 


29 670 
213.0 
29 270 
508.6 
28 470 
159.3 


Material BB—Commercial Zinc (High Grade, 99.9 + Zn). Original: 


18 100 
115.5 
17 570 
93.66 
16 550 
50.00 


Material CC 


Material FF 


1 yr. 

3 yr. 
6 yr. 


Material HH 


Specimens. 
10 specimens. 


3 351 
82.81 
3 223 
40.95 


3 102 | 


15.05 


Material EE 


3 335 
137.0 
3 222 


85.79 | 


3 035 
112.2 


58 910 
757.1 
58 490 
633.8 
58 840 


693.3 | 


16 300 


330.4 | 


18 150 
78.38 
17 580 
90.40 
15 900 
152.7 


18 360 
142.0 
17 900 
264.6 
17 950 
125.8 


18 200 
0.0 
17 400 | 
115.5 | 
16 480 
69.51 


18 400 
81.65 
18 070 | 
45.84 | 
17 420 
67.87 | 


18 470 
73.71 
18 050 
95.74 
17 400" 

0.0% 


18 720 
89.05 
18 280 
134.8 | 
17 770 
110.0 | 


29 970 | 
148.4 

29 300 
305.5 

28 570 
109.7 


18,280, 


18 680 
90.44 
18 400 | 
100.0 
18 120 
67.83 


244.9 
23 600/ 


148.0 


17 760% 
80.00% 
17 150 
125.8 
16 300 
387.3 


Lead-Antimony Alloy (1 per cent Sb). Original: XY = 3482,0 = 75.84 


3 273 
35.84 
3 152 
25.02 
3 062 
23.67 


3 528 
114.9 
3 040 
27.69 
2 940 
78.31 | 


59 140 
554.1 
57 910 
641.5 
58 960 
503.5 


17 470 
203.1 
17 360 
134.0 
16 100 
210.2 | 


3 309 | 
120.0 | 


3 530 
118.0 | 
3 158 | 
33.19 | 
3 157 
65.33 


Aluminum-Coated 


58 640 
1 189 
59 140 


820.0 | 


59 500 


868.2 


18 230 | 
225.0 . 


18 360 
102.3 
18 280 


265.8 | 


q 5torage set for first 7 locations, 4 specimens. 


specimens. 


3 235 | 
55.48 


26.64 


3 423 
109.0 
3112 | 
48.23 
3 062 
72.76 


59 280 
$26.4 


58 740 | 
850.1 | 
59 260 | 
714.0 | 


17 980 
186.7 
17 510 
186.1 
16 530 
219.5 


Duralumin. 


3 230 | 
23.64 
3 125 
17.08 | 
3117 | 
28.89 | 


3 435 
121.2 
3 045 
38.62 
2 945 
83.42 


59 340 
685 
57 380 
1 083 
58 950 


956.1 


18 330 
90.43 
18 290 
123.4 
18 160 


127.7 


3 265 
65.46 | 
3 165 
26.30 
3 082 | 
29.33 


Commercial Tin (99.85 + Sn). Original: X 


3 453 
62.01 
3 168 
73.04 
3145 
44.25 


Original: X 


59 030 
949.0 

58 620 
330.0 

57 020 
3 222 | 


Commercial Zinc (Special High Grade 99.99 + per cent Zn). 


18 460 
148.8 
18 380 
80.36 
18 100 
248.3 


3 304 
78.54 
3 110 
32.15 
3 087 
26.49 


= 3759," o 


3 530 
108.3 
3 O82 | 
103.6 
3 002 | 
46.48 


58,790, 


60 240 | 


560.0 
58 390 
935.4 
59 860 
$00.2 


Original: X 


18 600 


18 640 
133.1 


3 274 
36.98 
3 073 
16.61 
3 022 
32.05 


143.49 
3 360 | 
100.0 
3 085 
79.74 
2 997 
25.21 | 
657.7 


59 570 
885.9 
58% 700 
984.2 
| 59 080 
| 1 009 


| 18 700 | 
57.73 | 
18 490 | 
171.4 
18 690 
229.6 


© 4 specimens. 
1 specimen. 

97 11 specimens. 
6 specimens. 


59 540 
1179 


58 720 | 


617.4 
59 560 
510.8 


18,280," 


17 850 
214.1 
17 080 
146.6 
16 370 
1 091 


29 600 
200.0 
29 530 
309.4 
29 380 
90.84 


18 580 


205.2 


1S 
ide | 
4 
3 
tyr. )2 2 361 2 338 
a 56 14.80 28.45 
| 9% 3yr. X 2 342 2 350 2 357 2 310 
|e = 11.47 20.82 16.53 16.33 
| & 2 373 2 398 2 392 2 298 
23.90 20.73 15.21 25.74 
¢ 
3yr. X 
3] 
X 
73 | 
7 74.1% 
0 | 200 
|| 
1) 
50 | 648 
90) | 
40} 61 3yr. X 18 330 
59 | o 125.2 
40) 618 6yr. X 18 800 
13 | 152.7 
500 | 1 yr. 219| 3214 
64| 8.64 | 33.42 
550 | 157 3 232 
900 6yr. X 078 3 148 
0.3| o 8.30 41.25 
| 1579 270 | 3.393 
353 8.28 117.5 
530 888 3 258 
655 24 16.8 92.75 
280 | 788 3 450 A 
503; 4% 3.93 45.09 
3670 | 718 59 530 
| 
921.4 
9170| — 59 470 
4 
1 780 ie 18 100 18 570 
8378) * 261.4 159.5 
2 480 | X......| 17330 18 430 
518.2) 249.7 134.8 
— = 
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methods of calculation, particularly from 
the standpoint of rounding off significant 
figures. These recalculated tensile 
strength data are presented as a part 
of this report. The subcommittee is not 
yet ready to attempt a detailed analysis 
of the data but feels that publication, 
particularly of the statistical constants, 
at this time will make the available 
results of greater value to engineers 
interested in corrosion. 

No attempt was made to recalculate 
the elongation data. Careful examina- 
tion of the available figures indicates 
that the elongation figures are too 
erratic for use other than as a broad 
check on conclusions reached from the 
tensile strength data. 

No decision has been reached by the 
subcommittee as to when the next set 
of test specimens will be removed from 
the exposure racks for test. It is ex- 
pected, however, that the whole matter 
of statistical analysis will have pro- 
gressed sufficiently far by that time to 
permit a detailed analysis. 

The arithmetic means of the tensile 
strengths in pounds per square inch 
and the standard deviations for the 
initial tests and the 1-, 3-, and 6-yr. 
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atmospheric exposure tests are given jp 
Table I. The arithmetic means ap 
given to four significant figures but fo 
calculating the standard deviations arith. 
metic means to two decimal places wer 
used. The standard deviations, o, wer 
calculated using the following formuk: 


Sum of X? (= of X\? 
n n 
where: 


X = tensile strength of individ) 

specimen, and 

n = number of specimens in a group, 

Unless otherwise designated, the orig: 
nal data are based on tension tests ¢j 
twelve specimens and the other data m 
tension tests of six specimens. 

The top line of figures in any on 
group are the arithmetic means, J 
and the figures underneath are the 
standard deviations, c. 


c= 


Respectfully submitted on behalf 
the subcommittee, 
W. H. FINKELDEY, 
Chairman 
4A.S.T.M. Manual on Presentation of Data, p. 
Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I,p.# 


(1933); also issued as separate publication, Third Printisg 
August, 1940, Reprinted March 1941. 
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~ REPORT OF COMMITTEE B-4 


ON 


ELECTRICAL-HEATING, ELECTRICAL-RESISTANCE, AND ELECTRIC- 


FURNACE 


Committee B-4 on Electrical-Heating, 
Electrical-Resistance, and Electric-Fur- 
nace Alloys held two meetings during the 
year: in Columbus, Ohio, on October 30 
and 31, 1940, and in New York City on 
February 20 and 21, 1941, in addition 
to the meeting held during the annual 
meeting of the Society. 

The committee is cooperating with the 
Joint A.S.M.E.-A.S.T.M. Research 
Committee on Effect of Temperature 
on the Properties of Metals, and with the 
Alloy Casting Institute in the study of 
the behavior of metals at high tempera- 
tures and in the preparation of methods 
of testing. 

Arrangements have been made for 
publication by the Society, in about 
september of this year, of a compilation 
{ the A.S.T.M. standards under the 

risdiction of Committee B-4. There 

| appear in this publication a paper 

y W. F. Roeser and H. T. Wensel on 
“Methods of Testing Thermocouples and 
Thermocouple Materials” which has 

een published as a research paper by 
the National Bureau of Standards.! 
The committee consists of 53 mem- 
vers, of whom 25 are classified as pro- 
ducers, 17 as consumers, and 6 as general 
interests. 


I. New TENTATIVE STANDARDS 


The committee recommends that the 
following three new methods be ac- 


of Research, Nat. Bureau Standards, Vol. 14, 
“th 1935, p. 247 (Research Paper RP768). 
Sa a methods were accepted as tentative by the 
A TMS appear in the 1941 Supplement to Book of 
11939 Boandards, Part I, pp. 547, 549, and 552. 
ook of A.S.T.M. Standards, Part I, p. 687. 
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ALLOYS 


cepted for 
Methods of: 


Test for Temper of Strip and Sheet Metals 
for Electronic Devices (Spring-Back Method), 

Testing Lateral Wire for Grids of Electronic 
Devices, and 

Testing Wire for Supports Used in Electronic 
Devices and Lamps. 


publication as tentative: 


II. REVISIONS OF STANDARDS ; 


The committee recommends for im- 
mediate adoption, revisions in the fol- 
lowing specifications as indicated below, 
and accordingly asks for a favorable 
nine-tenths vote at the annual meeting in 
order that these modifications may be 
referred to letter ballot of the Society: 


Standard Specifications for Drawn or 
Rolled Alloy, 80 per cent Nickel, 20 per 
cent Chromium, for Elecirical Heating 
Elements (B 82 — 


Sections 7, 8, and 9,—Change the 
term “specific resistance” to read “re- 
sistivity” wherever it appears in these 
sections. 

Section 10.-Change the table from its 
present form to read as follows: 


Resistance, 
per cent 


100.0 
100.6 
103.0 
102.7 
101.6 
102.1 
2000 F. (2093 C.). 102.8 


Temperature 
77 F. 
200 F. 
400 F. 


1200 F. 
1400 F. 
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Section 12..Change the last sentence 
in Paragraph (a) from its present form 
to read as follows by the addition of the 
italicized words and the omission of those 
in brackets: 

Test results [shall] may be reported either 
in hours or in {as a] percentage of [a reference] 
an accepted standard. 


Standard Specifications for Drawn or 
Rolled Alloy, 60 per cent Nickel, 15 
per cent Chromium, and Balance Iron, 
for Electrical Heating Elements (B 
83 — 

_ Section 7, 8, and 9.—Change the term 

“specific resistance ’’to read “resistivity” 

wherever it appears in these sections. 
Section 10..-Change the table from 

its present form to read as follows: 


Resistance, 
per cent 


100.0 


Temperature 
77 F. 
200 F. 
400 F. 
600 F. 


(204 C.) 
(315 C.) 
1000 F. (539 C.) 
Section 12.—Make the same change in 
this section as recommended above in 


Section 12 of Specifications B 82. 


III. Apoption oF TENTATIVE STANDARD 
AS STANDARD 


The committee recommends that the 


Tentative Method for Bend Testing of | 
Wire (Wire for Radio Tubes and In- 


candescent Lamps) (B 113 — 38 T),® re- 
vised as indicated below, be approved for 
reference to letter ballot of the Society 
for adoption as standard: 

Section 1. -Change the second sen- 
tence to read as follows by the addition 
of the italicized words and figures and 
the omission of those in brackets; also 
omit footnote 2 appearing with sen- 
tence: 


T.M. Standards, Part I, p. 690. 
T.M. Standards, Part I, p. 1156. 


@ 41939 Book of A 
$1939 Book of A 


4 

It is intended for [use on] testing round win 
from approximately 0.010 to 0.117 in. (0.25 t, 
3.00 mm.) in diameter, and rectangular onj 
flattened wire not over 0.117 in. (3.00 mm.) in 


thickness where the ratio of width to thickness doe; 
not exceed 10. 


The recommendations appearing jy 
this report have been submitted to lette 
ballot of the committee which consists of 
53 members, with the results shown jn 
Table I. 


TABLE I.—ANALYSIS OF LETTER BALLOT Vote 


Affirm- 


Nega- 
ative 


Items 
tive 


I. New TENTATIVE STAND- 
ARDS 


Test for Temper of Strip and 
Sheet Metals (Spring-Back 
Method).... 

Testing Lateral Wire for Grids 
of Electronic Devices 

Testing Wire for Supports 
Used in Electronic Devices 
and Lamps 


II. REVISIONS OF STANDARDS 


Spec. for Drawn or Rolled 
Alloy, 80 per cent Nickel, 20 
per cent Chromium, for 
Electrical Heating Ele- 

(B 82 - 39), imme- 
diate adoption. . 

Spec. for Drawn or “Rolled 
Alloy, 60 per cent Nickel, 15 
pee cent Chromium, and 
alance Iron, for Electrical 
Heating Elements (B 83 - 
39), immediate adoption. .... 


ments 


Abortion oF TENTATIVE 
STANDARD AS STANDARD 
Bend Testing of Wire (Wire for 
Radio Tubes and Incandes- 
cent (B 113-38 T), 
as revised. . 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Life Tests (J. 
Harsch, chairman).— Further tests a 
being made to determine the effect d 
ceramics and cements upon the life ¢ 
heating element materials in contac 
with them. 

Subcommittee II on Electrical Te! 
(P. H. Dike, chairman).—The work 0! 
Subcommittee II has been divided 
tween two sections. Section A on Bl 
trical Tests, (P. H. Dike, chairman) ® 
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continuing the work previously carried 
on by subcommittee IT. 

Section B on Contact Metals (F. E. 
Carter, chairman) is developing methods 
of test for materials for contacts. Five 
subsections have been organized as fol- 
lows: 


nm.) in 
ess does 


ing in 
letter 
sists of 
OWN in 


Subsection 1 on Life Tests, B. W. Jones, 

4irman 

Subsection 2 on Load Carrying Capacity, 
H.C. Graves, chairman, 

Subsection 3 on Standardization of Contact 
Forms and Sizes, A. B. Gibson, chairman, 

Subsection 4 on Research, P. H. Dike, chair- 


VOTE 


and 
“Not Subsection 5 on Bibliography, S. L. Hoyt, 
Voting” chairman. 


Last year life tests were made on con- 
tacts with a contacting device used by 
the Edison General Electric Appliance 
Co. and also with a device built by the 
Material Laboratory of the New York 
Navy Yard in accordance with plans 
submitted by the committee. After a 
study of the data from these tests, a pre- 
liminary draft of a life test method was 
prepared. Two contact testing ma- 
chines were built, one by A. B. Gibson, 
and the other by the P. R. Mallory Co., 
in accordance with the proposed method 
and were carefully studied by the com- 
mittee in order to combine the best 
features of each into one machine. The 
construction of the machine for use in 
making the life test has been agreed 
upon. The machine is now being con- 
sidered for use in making the test for 


“a \ lad carrying capacity, so that, if pos- 
s ( sible, the same equipment may be used 
tests . for both tests. All of the machines to 
effect Ti be used by the cooperating laboratories 
ne life’ Hit) he built in one place, and tests will 
| contad v¢ carried on by the various laboratories 
al Tes luring the coming year. 

cal +d Subcommittee IV on Mechanical Tests 
'P. H. Brace, chairman).—A proposed 
vided t* Method of Test for Temper of Strip and 
, on re Sheet Metals (Spring-Back Method)? has 
irman) 


prepared at the request of the radio 
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industry and is being submitted as a 
tentative standard. The temper is de- 
termined by measuring the resiliency by 
the amount of spring-back when flexed. 
This type of test has been in commercial 
use with good results for several years. 

Subcommittee V on Wrought and Cast 
Alloys for High Temperature Use (J. W. 
Harsch, chairman).—The subcommittee 
has been reorganized, with J. W. Harsch 
as chairman, and with additional mem- 
bers, both producers and consumers. 
The significant properties of alloys for 
use at high temperatures (over 1000 F.) 
are being studied, and methods of test 
developed for determining these proper- 
ties. This work is being carried on in co- 
operation with the Alloy Casting Insti- 
tute, and the Joint Committee on the 
Effect of Temperature on the Properties 
of Metals. 

Preliminary action has been taken as 
follows: 


Properties at Room Temperature: 


Tensile Strength.—Tentative Methods of Ten- 
sion Testing of Metallic Materials (I. 8 ~ 40 T), 
accepted. 

Brinell Hardness.—Standard Method of Test 
for Brinel! Hardness of Metallic Materials (EF 
10 — 27), accepted. 

Impact Strength.—Tentative Methods of Im- 


pact Testing of Metallic Materials (EK 23 - 34 T), 
accepted. 
Residual (Resultant) Ductility.—This property 


is an index of structural stability and will be 
considered with that subject. 

Nonmetallic Inclusions.—Awaiting results of 
study by Committee E-4 on Metallography of 
methods of determining nonmetallic inclusions. 

Basic Test Casting.—The basic test casting 
developed by the American Casting Institute for 
research work will be studied to determine its. 
suitability in commercial work for obtaining 
separately cast specimens. co 


Properties at Elevated Temperatures: 


Short Time Tensile Strength.—Tentative 
Method of Test for Short-Time High-Tempera- 
ture Tension Tests of Metallic Materials (IF 21 
- 37 T), accepted tentatively. 

Long Time (Creep) Tensile Strength._-Tenta- 
tive Method of Test for Long-Time (Creep) 
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High-Temperature Tension Tests of Metallic 
Materials (E 22 - 38 T), accepted tentatively. 

Dilatation (Thermal  Expansivity).—The 
Standard Method of Test for Linear Expansion 
of Metals (B 95 — 39) is being considered. 

Rupture (Time-Temperature Stress, or Ac- 
celerated Creep to Rupture).—A discussion of this 
subject is being prepared for consideration. 

Hardness.—A discussion of this subject is 
being prepared for consideration. 

Structural Stability.—This subject has been 
referred to a group to review and recommend a 
program of work. 

Fatigue.—Awaiting information requested 
from the Joint Research Committee on Fatigue 
of Metals. 

Chemical Stability (Corrosion).—Referred to 
Subcommittee IX on Methods of Test for 
Alloys in Controlled Atmospheres to investigate 
the corrosion of castings in furnace atmospheres. 

Thermal Conductivity.— Available methods of 
determining thermal conductivity will be re- 
viewed. 

Warpage.—As warpage depends both upon 
the properties of the material and the construc- 
tion of the part, the committee considered that 
it would be difficult to develop a standard test 
that would be generally useful. 


The committee has kept in mind the 
fact that methods of test are needed to 
determine the fundamental properties 
of the materials as well as control tests 
for use in purchase specifications. 
When the methods of test are available, 
purchase specifications will be prepared. 
Subcommittee VI on Specifications (J. 
W. Harsch, chairman).—The specifica- 
tions for electrical heater wire and rib- 
bon (B 82-39 and B 83 - 39), have 
been revised to change the requirements 
for temperature coefficient of resistance 
to conform to the improved manufac- 
turing practice. 
Subcommittee VII on Thermostat 
Metals (P. H. Brace, chairman).—The 
mechanical problems connected with the 
determination of elastic properties of 
thermostat metals at elevated tempera- 
i were considered in considerable 
detail. It was agreed that the standard 

method of test should be based on a 
_ beam in uniform loading. 


A bend test is under consideration 
replace the indentation hardness test {, 
determining the temper of thermosty 
metal. The test is intended as a ched 
on uniformity and not as a performang 
or fundamental test. 

An article describing the properties ; 
thermostat metals has been prepared }y 
S. R. Hood for publication in the con. 
pilation of A.S.T.M. Standards on Ele. 
trical-Heating, and Resistance, Allojs 
to be issued this year.® 

Subcommittee VIII on Metallic Mi. 
terials for Radio Tubes and Incandescen 
Lamps (A. L. Chapman, chairman), 
Two new methods have been complete 
and are herewith submitted for public. 
tion as tentative:? namely, Tentative 
Method of Testing Wire for Suppor: 
Used in Electronic Devices and Lamp 
and Tentative Method of Testing Later: 
Wire for Grids in Electronic Devices. 4 
proposed Method of Testing Welds fx 
Incandescent Lamps and Electronic De 
vices is also being prepared. 

Work is being done to develop : 
method of test for brittleness of tun 
sten wire. A knife-edge test is being u: 
vestigated. Purchase specifications at 
being prepared for round nickel wire {« 
use in electronic devices. Further i- 
vestigations are being made of variou 
methods for determining the thicknes 
of nickel plating on thin strip steel. 

Subcommittee IX on Methods of Te 
for Alloys in Controlled Atmospheres '?. 
H. Brace, chairman).—Concordant 
sults now have been obtained by fo 
laboratories seeking to reproduce © 
the laboratory penetrating corrosit 
of alloys in combusted gas atmospher 
and the formulation of a method of 
is being undertaken. Using this test.’ 
study will be made next year of the 
havior of various commercial high te 
perature resistor alloys. 


2See “A.S.T.M. Standards on Electrical-Heatig 
Resistance Alloys,” September, 1941, p. 93, availabie#* 
separate publication. 
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This report has been submitted to 
letter ballot of the committee which 
consists of 53 members; 32 members 
returned their ballots, of whom 30 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


DEAN HARVEY, 
F. E. Basu, Chairman. 
Secretary. 
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~ REPORT OF COMMITTEE B-5 


ON 


COPPER AND COPPER ALLOYS, CAST AND WROUGHT 


Committee B-5 on Copper and Copper 
Alloys held three meetings during the 
year: in Atlantic City, N. J., on June 
27, 1940, in Washington, D. C., on 
November 1, 1940, and in Washington, 
D. C., on March 7, 1941, with an at- 
tendance at the three meetings of the 
committee and its subcommittees of 57, 
32 and 34, respectively. In addition to 
these meetings, the various subcommit- 
tees have held meetings quite frequently 
either in Washington, D. C., New York, 
N. Y., Philadelphia, Pa., or Waterbury, 
Conn. during the year to discuss speci- 
fication requirements of particular in- 


terest to the Federal Specifications Board 
and the War Department. 

‘The following additions and changes 
in membership have occurred. 


J. W. Bolton resigned as first vice-chairman. 

H. H. Stout advanced to position of first 
vice-chairman. 

J. J. Kanter elected second vice-chairman. 

H. V. Schlacks elected chairman of Sub- 
committee II to replace R. J. Wheeler 
who resigned. 

R. G. Thompson elected chairman of the 
newly formed Subcommittee XIII on 
Tolerances. 

A. B. Bagsar, Sun Oil Co., new member. 

Sidney Rolle, Scomet Engineering 

new member. 

Clements, Wright Aeronautical Corp., 
new member. 

C. H. Hack, National Lead Co., additional 
representative. 

G. E. Behr, National Lead Co., additional 
representative. 

J. S. Rodgers replacing H. Y. Bassett rep- 
resenting Wolverine Tube Co. 

W. M. Corse resigned from the Society. 

E. L. Lasier, deceased, August 7, 1940, 


Co., 


B. 


A. P. Spooner of the Bethlehem Steel (; 
to replace P. E. McKinney, deceased, 
Raymond Archibald representing the Amer. 

can Association of State Highway Officia 
to replace R. B. McMinn who has retired: 
Mr. McMinn had replaced A. L. Gemeny. 
deceased. 
R. S. Pratt, Bridgeport Brass Co., ne 
member and appointed chairman of Sut- 
committee VII. 
J. J. Kanter, named to replace L. A. Wards 
chairman of Subcommittee IX. 
F. F. Poland, formerly representing the Amer: 
can Smelting and Refining Co., hasresigne! | 
J. EF. Schmeltzer, U. S. Maritime Commissior 
new member. 
L. Hoiladay, U. S. Army Ordnance 
new member. 
R. Kennedy, U. 
Air Corps. 
C. Forsyth, Standards Branch Bureau 
Ships, Navy Department. 


I: 


R. S. War Department 


The committee lost two of its mo 
active members in the deaths of E.1 
Lasier of the U. S. Maritime Co- 
mission, and P. E. McKinney of tht 
Bethlehem Steel Co. 

At the present time the committe 
consists of 102 members of which 88 at 
voting members, 33 are classified & 
producers, 39 as consumers and 164 
general interest members. A new % 
committee has been organized, de! 
nated as Subcommittee XIIl 
Tolerances. The purpose of this sv 
committee is to cooperate with | 
Copper and Brass Research Associat 
in setting up tolerances for copper 4 
copper-alloy products. The 
ship of this subcommittee will be limi 
to consumer representation. It is & 
tended that tolerances, or revisions “ 
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existing tolerances, as published by the 
Copper and Brass Research Association 
will be suggested to that producer or- 
nization. R. G. Thompson of the 
General Electric Co., Schenectady, N.Y., 
has been appointed as chairman of this 
subcommittee. 

The membership of the Advisory Com- 
mittee has been extended to include 
representatives from the National Bu- 
rau of Standards, Navy Department, 
War Department, and Air Corps. 
Through this additional membership on 
the Advisory Committee, it is expected 
that a much closer cooperation will be 
obtained between the Federal agencies 
and the specification writing group of the 
American Society for Testing Materials. 

Changes in the administrative officers 
{ the committee were made necessary 

to the resignation of Mr. J. W. 

Jolton, first vice-chairman, owing to his 
assumption of the chairmanship of Com- 
mittee A-3 on Cast Iron. Mr. H. H. 

it, second vice-chairman was ad- 

need to the office of first vice-chairman 

the committee, and Mr. J. J. Kanter 
of the Crane Co. was elected second 
vice-chairman. 

Subsequent to the 1940 annual meet- 
Committee B-5 presented to the 
ety through Committee E-10 on 

standards, revisions of the following 

tandard and tentative specifications: 


standard Specifications for Copper-Base 
Alloys in Ingot Form for Sand Castings 
(B 30-36) (to revert to tentative), and 

Tentative Specifications for Seamless Copper 
Tubes (B 75 — 40 T). 


These recommendations were ac- 
cepted' by Committee E-10 on Standards 
on August 28, 1940. However, in the 


' submitting these recommendations to Committee 
on Standards, Committee B-5 reported the following 
- the letter ballot vote from a committee member- 
: 100: B 30 ~ 36, affirmative, 37, negative, 0, ballots 

hot voting” 18; B 75 - 40 T, affirmative, 38, nega- 
2, ballots marked “not voting”’ 14. 


CopPER AND COPPER ALLOYS 


case of the Tentative Specifications for 
Seamless Copper Tubes, the recommen- 
dations were accepted with the under- 
standing that during the period prior to 
the 1941 annual meeting further con- 
sideration be given to Sections 4 (6) and 
11. 
I. New TENTATIVE STANDARDS _ 
The committee recommends that the 
following new specifications and methods 
be accepted for publication as tenta- 
tive, as appended hereto: 

Copper Sheet, Strip, and Plate, 

Leaded Red Brass (Hardware Bronze) Rods, 
Bars, and Shapes, 

Aluminum Bronze Rods, Bars, and Shapes, 

Copper-Nickel-Zinc Alloy Rod and Wire, 

Manganese Bronze Rods, Bars, and Shapes, 

Tin-Bronze and Leaded Tin-Bronze Sand 
Castings, 

High-Leaded Tin-Bronze Sand Castings, to re- 
place the Tentative Specifications of the 
Alloy: Copper 80 per cent, Tin 10 per cent, 
Lead 10 per cent (B 74-32 T) which are 
recommended for withdrawal, 

Leaded Red Brass and Leaded Semi 
Brass Sand Castings, 

Leaded Yellow Brass Sand 
General Purposes, 

High-Strength Yellow’ Brass 
Strength Leaded Yellow’ Brass Sand 
Castings, to replace immediately the 
Standard Specifications for Manganese- 
Bronze Sand Castings (B 54 — 39), includ- 
ing the tentative revision published since 
1939, which are recommended for with- 
drawal, 

Aluminum Bronze Sand Castings, to replace 
immediately the Standard Specifications 
for Aluminum Bronze Castings (B 59 — 39), 
which are recommended for withdrawal, 

Leaded Nickel-Brass (Leaded Nickel-Silver) 
and Leaded Nickel-Bronze (Leaded Nickel-. 
Silver) Sand Castings, and 


Tentative Specifications for: 


Red 
Castings for 


and High- 


Tentative Methods of: 


Test for Expansion of Copper and Copper- 
Alloy Tubing (Pin Test), and 

2 These specifications were accepted as tentative by the 

Society and appear in the 1941 Supplement to Book of 

A.S.T.M. Standards, Part I, pp. 456, 421, 414, 417, 423, 

380, 384, 388, 392, 399, 403, 407, 454, 438. 
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Mercurous Nitrate Test for Copper and 
Copper Alloys. 


II. REVISIONS OF TENTATIVE 
STANDARDS 
The committee recommends revisions 


in the following 13 tentative specifica- 
tions, as given in detail below: 


Tentative Specifications for 


Brass, Sheet, Strip, 
‘Revise the 


(B19-40T)? 

Dimensional Tolerances. 
tolerances prescribed in Sections 13 to 17, 
in accordance with the recommenda- 
tions* of Subcommittee XIII on Toler- 
ances (R. G. Thompson, chairman). 


Cartridge 
and Disks 


Tentative Specifications for Copper-Base 
Alloys in Ingot Form for Sand Cast- 
ings (B 30-40 T)? 

Table II.—In order to have the 
chemical requirements for aluminum 
bronze ingots agree with those in the 
proposed Tentative Specifications for 
Aluminum Bronze Sand Castings, change 
the requirements for grades 9A and 9B 
from their present form to read as 


Classification Aluminum Bronze 


9A 9B 


Numerical Designation... .... ——— 
Min. | Max. | Min. | Max. 


78.00 
. | 0.50 | | 

5.00| ... 

2.50} 4.50} ... | 1.25 
| 


88.00 


af 
Copper, per cent 

‘Tin, per cent 
Nickel, per cent 
Iron, per cent 
Aluminum, per cent 
Manganese, per cent 
Other constituents, per cent 


7.0012.00 | 9.00 11.00 
| 3.50 
0.50 


0.50 
; 


Omit from this table footnote d 
which reads as follows: ‘‘Maximum 
impurities including iron but excluding 
manganese.” 


Tentative Specifications for Brass Sheet 
and Strip (B 36 40 T):* 


$1940 Supplement to Book of A.S.T.M. Standards, 
Part i. 

4The revised tables of tolerances have been incor- 
porated in the specifications which appear in the 1941 
Supplement to Book of A.S.T.M. Standards, Part I. 


Table III.—Change the Rockvye 
hardness: values for the superficial 30.7 
scale for alloy Nos. 5 to 8, inclusive. 
from their present form to read x 
follows: 


Annealed Temper, 


Superficial 30- 
Nominal Grain Size Mi a 


Dimensional Tolerances.—Revise th 
tolerances prescribed in Sections 13 t) 
17, inclusive, in accordance with tk 
recommendations‘ of Subcommittee XII 
on Tolerances. 


Tentative Specifications for Copper Pip, 
Standard Sizes (B 42 —- 39 T)3 
Section 4.--Change this section fron 

its present form to read as follows: 


4. The copper shall conform to the followig 
requirements as to chemical composition: 
Copper,’ min., per cent 
Phosphorus, max., percent.... 0.040 


* Silver counting as copper. 


New Section.—-Add a new Section! 
covering Microscopic Examination 
read as follows, renumbering the remai 
ing sections accordingly: 

8. Microscopic Examination.—The pipe %@ 
be made from copper that is free of cupm 
oxide as determined by microscopic examinalit 
at a 75X magnification. 


Tentative Specifications for Seamless (it 
per Tubing, Bright Annealed (BO- 
39T):? 

Section 2 (a).—Revise the pret 
Paragraph (a) as indicated under re 
sion headed “New Section 8,” and adi! 
new Paragraph 2 (a) to read as follow 

2. (a) The tubing shall be made from op 
of any one of the three following types: 

Type A.—Phosphorized copper, with is 
residual phosphorus. 


5 1939 Book of A.S.T.M. Standards, Part I. 
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Type B.—Phosphorized copper, with high 
residual phosphorus. 


Type D.—Oxygen-free copper, without re- 
sidual metallic deoxidants. 


Section 3.—Change the tabulation of 
chemical requirements from its present 
form: namely, 

Copper, min., percent......... 
Phosphorus, max., percent..... 
to read as follows: 


Type A Type B Type D 
Copper? min., percent. ...99.90 99.90 99.90 


in. 0.004 0.015..... 
Phosphorus, per cent 0.010 0.040..... 


* Silver counting as copper. 

Section 5 (a).—Change from 
present form: namely, 

5. (a) The tubing shall be thoroughly 
recrystallized and have a grain size of: 


(1) 0.015 to 0.040 mm. 
(2) 0.040 mm. minimum, no maximum. 


its 


to read as follows: 


5. (a2) The tubing shall be furnished in 
either of two annealed tempers as follows: 


Temper Grain Size, mm. 
re 0.015 to 0.040 


New Section 8.—Change the present 
Section 2 (a) to read as follows, by the 
addition of the italicized words and the 
omission of those in brackets, and add 
is a new Section 8 on Microscopic 
Examination: 


8. Microscopic Examination.—[The tubing 
shall be made from copper that is free from] 
Samples of types A, B, and D shall be free of 
cuprous oxide as determined by microscopic 
examination at a 75 magnification. 


New Section 9.—Add a new Section 9 
covering Embrittlement to read as fol- 
lows, renumbering the remaining sec- 
lions accordingly: 


9. Embrittlement.—It is to be expected that 
material designated as oxygen-free or deoxidized 
Copper will pass the following embrittlement 
lest, although actual performance of this test 
‘snot mandatory under the terms of these 
‘pecifications, unless definitely specified: Suit- 


able samples shall be heated at a temperature 


a 
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of 800 C. for a period of 20 min. in a furnace 
containing an atmosphere of hydrogen. After 
removal from the furnace the samples shall be 
polished, and examined under a microscope at 
a 75X magnification. The samples shall not 
show gassing or open grain structure charac- 
teristic of embrittlement. 


Tentative Specifications for Seamless Cop- 
per Tubes (B75 
Section 1.—Change from its present 
form to read as follows: 


1. These specifications cover seamless copper 
tubes suitable for general engineering purposes. 
Five types are specified, as follows: 

Type A.—Phosphorized copper, low residual 
phosphorus. 

Type B.—Phosphorized copper, high residual 
phosphorus. 

Type C.—Phosphorized arsenical copper, high 
residual phosphorus. 

Type D.—Oxygen-free copper without resid- 
ual metallic deoxidants. 

Type F.—Tough pitch arsenical copper. 


Note.—When tubes are to be welded, the | 


phosphorus deoxidized type should be specified. 


Table I.—In order to correct an error 
in the 1940 printing of these specifica- 


tions, change the values for grain size — 


for soft annealed and light annealed 
temper material from ‘0.40 mm.” to 
read “0.040 mm.” 


Section 3.—Change from its present — 


form to read as follows: 


3. The material shall conform to the following 
requirements as to chemical composition: 


a| Phosphorus, Arsenic, 
Copper, per cent per cent 
Type min., 
per cent [ 
Min. Max. | Min. Max. 
_ 99.90 0.004 0.010 
99.90 0.015 | 0.040 
99.40 0.040 0.15 0.50 
99.90 
ee 99.40 0.15 0.50 


@ Silver counting as copper. 


New Section.—Add the following as a 


new Section 9, renumbering the subse- 
quent sections accordingly: 

9. Electrical Resistivity —Types A and D are 
suitable for electrical conductors. When ordered 
for this purpose, the electrical resistivity of rep- 
resentative samples of types A and D shall not 


well |. 
ial 30-7 | 
1clusive, 
read 4 | 
al 30-T 
Max. 
21 
27 
35 
38 
4) 
50 
: 
vise the 
ns 13 ty 
with the i | 
ttee XIII 
per Pits, 
—F 
7 | 
| 


186 


exceed the following limits when tested at a tem- 
perature of 20 C. (68 F.): 
Electrical Resistivity, 
max. ohm (meter, gram) 
0.15614 
0.15940 


Nore.—The International Annealed Copper 
Standard electrical conductivity equivalents are 
as follows: 


Condition 
Soft (cold-rolled) 
Hard (annealed) 


Conductivity, 
per cent 


Electrical Resistivity, 
ohm (meter, gram) 


0.15614... . 


Section 10.—Omit this section on spe- 
cial tests and add the following two new 
sections, renumbering the subsequent 
sections accordingly: 

11. Microscopic Examination.—The samples 
of types A, B, C, and D shall be free from cuprous 
oxide as determined by microscopic examination 
at 75X magnification. 


12. Embrittlement.—It is to be expected that — 
types B, C, and D will pass the following em- — 


brittlement test, although the actual performance 
of the test is not mandatory under the terms of 
these specifications unless definitely specified: 
Suitable samples shall be heated to a tempera- 
ture of 800 C. for a period of 20 min. in a -fur- 
nace containing an atmosphere of hydrogen. 
After removal from the furnace the samples shall 
be polished, etched, and examined under a micro- 
scope at 75 magnification. The samples shall 
not show gassing or open grain structure char- 
acteristic of embrittlement. 


Tentative Specifications for Cop per-Silicon 
Alloy Plate and Sheet (B 96 — 40 T)? 
Table [.—Change to read as shown in 

the accompanying Table I. 

TABLE I.—CHEMICAL REQUIREMENTS. 


Type A 


Copper, min., per cent 
Silicon, per cent 


94.80 
2.75 to 
3.50 


91.00 
2.00 to 
3.00 
One or more of the following elements 
may be present within the limits | 
specified below, subject to limits | 
of the specific alloys as given in the 
Appendix (Table III): 
Manganese, max., per cent 
Zinc, max., per cent 
Iron, max., per cent 
Tin, max., per cent 
Lead, max., per cent 
Nickel, max., per cent 
Sum of above elements, min., per cent... 99.50 


-05 
.50 


New Section.—Add the following sec- 
tion on minus thickness tolerances: 


Type C 
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7. Minus Thickness Tolerance.—The thick. 
~ ness of any plate or sheet shall not be more tha, 
0.01 in. under the thickness specified. 


Section 8.—Change from its present 
form to read as follows: 


8. Weight Tolerances.—The weight of each 
lot of five or more plates or sheets of the sam 
specified dimensions when ordered to thicknes 
shall not vary from the nominal by more thay 
the amount prescribed in the accompanying 
Table II. The weight of any individual plate 
or sheet may vary from the nominal by not 
more than one third in excess of the tolerance 
prescribed in the accompanying Table II. Th 
tolerances of lots of less than five plates or sheets 
shall be governed by the tolerance of individual 
plates or sheets. For purposes of these specii- 
cations, types A and C shall be considered ty 
weigh 0.308 lb. per cu. in. 

TABLE If.—LOT OVERWEIGHT TOLERANCES Of 
PLATE AND SHEET ORDERED TO THICKNESS 


Permissible Excess in 
Average Weight of Lots, 
Expressed in Percentage 

of Nominal Weights 


Thickness, in. 


48 in. and Under in | 
2 in. 


‘ 
Wicttly 


er to 142 in., 


in Width 


in Width 
Over 72 to 96 in. 


in Width 


Over 60 to 
ine 


Over 96 to 120 in. 


; Over 48 to 60 in. 


| 


wn 
wn 


Over to % 
Over to 
Over % to % 

Over % to % 

Over % to 1 

Over 1 to 2 


nun 


uw 


SUDA sss 
| | 


| 
| 


A ppendix.—Add as an appendix 
the end of these specifications, detailel 
information on commercially available 
alloy compositions as shown for types 4 
and alloys in the accompanyitt 


Table III. 


Tentalive Specifications for Beryllium 
Copper Alloy Bars, Rods, Sheet, Sir} 
and Wire (B 120 - 40 T)3° 
Straightness Tolerances.—Add a 

Section 14 on Straightness Tolerances! 

read as follows, renumbering the © 

maining sections accordingly: 
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¢ 
lor Pj 
Se 
chem 
alloy 
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| by not 
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II. The 
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- 
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= 
= 
= 
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available 


npanying 


eet, Strip 


ld a ne 
srances ! 


the 


14, The edgewise curvature (depth of chord) 
for slit metal in a 72-in. length of metal shall 
not exceed the following: 


Flats. . . 
Coils. . . 

Tentative Specifications for Leaded Brass 
Sheet and Strip (B 121 
Section 2 (a).—Change the paragraph 

headed ‘‘Lead”’ to read as follows by the 

addition of the italicized words and the 
omission of those in brackets: 
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Copper, per 
cent............[61.00 to 65.00] 61.0 to 65.5 

Lead, per cent 2:25) 2.5 

Iron, max., per 
cent..... 


0.10 
Zinc, per cent 


remainder 


Table III.—Change the Rockwell 
hardness values for the superficial 30-T 
scale for alloy Nos. 2 to 7, inclusive, to 


‘read as follows by the addition of the 


For the information of those using these specifications the commercially available specific alloys 
are listed in Table III together with the manufacturers’ published chemical composition limits. The 


alloy designations listed below are for convenience 


only and have no commercial significance. 


TABLE I1]—-COMMERCIALLY AVAILABLE COPPER-SILICON ALLOY SHEET FOR GENERAL PURPOSES. 

Nore.—Analysis shall regularly be made only for the elements specifically mentioned in this table for a designated 

y. If the presence of other elements is suspected, or indicated in the course of routine analysis, further analysis 

ill be made either chemically or ag cy a to determine that the total of these other elements is not in excess 
y 


50 or 0.30 per cent as specifically indicated in the table. 


Silicon, 
per cent 


Manganese, 
per cent 


| 


eccoocse 
| 


0.50 to 1.25 
0.18 max. 


0.20 max. 


0.80 to 1.60 
0.25 max. 


RS 
wn | 


eee 
. 


0.85 to 1.35 


SEESESES 


Type B 


0.10 to 0.50 


Seeeees 


| 1.25 to 1.60 


ANAAAAAA 


SESE | 


| 


* Analysis for copper shall be made in all cases. See last column of this table. 


Lead.—{Grade III, common lead of] Any j 
‘ype conforming to the Tentative Specifications 
‘or Pig Lead (A.S.T.M. Designation: B 29). 


Nominal Grain Size 


Section 3.—In the table change the 


chemical composition requirements for 
alloy No. 5 to read as follows by the 
addition of the italicized figures and the 
omission of those in brackets: t 


those in brackets: 


talicized figures and the omission of 


Superficial 30-T 
Min. M 


Max. 
12 27 
(15] 20 [34] 35 
25 [41] 38 
[28] 27 42 


Dimensional Tolerances.—Revise the 
olerances prescribed in Sections 13 to 


Temper, 


0.070-mm.......... 
0.050-mm.......... 
0.035-mm. 
0.025-mm. 


. ‘ 
, | 
_ = 
plus 
Alloy Tron, Tin, Zinc, max.,| max.,| with 
Desig- ‘ per cent per cent per cent per per | Specific 
nation § cent | cent | Limits, 
min., per 
| | cent 
Type A 
0.35 to 0.65 0.05 
No 0.50 to 1.50 | 0.05 | .. 
No t....| | om! .... | 99.50 
No. 12 | 0.25 max. 0 99.50 
13 | 0.20 max. to 1.50 | O 99.50 | 
0. 15 0.15 to 0.35 0 99.50 
v0. 17 | 0.30 to 0.70 0 99.70 
aile! No.1... | 0.30 to0.80 | 0.05 | 0.60 | 99.50 
det No. 22. ‘ 0.30 to 0.70 | | é | 0.05 | .... | 99.50 
to 0.70 2.50 to 4.50 | 0.05 | .... | 99:50 
No max. . | 0.05} .... | 99.50 ; 
1. 
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17, inclusive, in accordance with the 
recommendations‘ of Subcommittee XIII 
on Tolerances. 


Tentative Specifications for Copper-Base 
Alloy Forging Rods, Bars, and Shapes 
(B 124-397; ASA H7-1939): 
Section 5.—Add the following footnote 

to the tabulation of dimensional toler- 

ances: ‘When tolerances are specified as 
all plus or all minus, double the above 
values.” 


Tentative Specifications for Gilding Metal 
Sheet and Strip (B 130-40 T)? 
Section 1.—Change to read as follows 

by the addition of the italicized words: 
1. These specifications cover sheet and strip 

gilding metal for manufacture of bullet jacket 
cups and ammunition components. 


Table II.—Change to read as pre- 
scribed in the accompanying Table IV 
by the addition of the italicized words 
and figures and the omission of those in 
brackets: 
TABLE 


Light Anneal: 
[0.020 to 0.050 in.].............. 
0.005 to 0.010 in. 
0.010 to 0.050 in........... 
Over 0.050 to 0.100 in.. 
Over 0.100 in........ 


TENSION TEST RE errs OF 
NNEALED SHEET AND STR 
GILDING METAL. 


Tensile 
Strength, 
min., psi. 


Thickness of 
Annealed Tempers 


[38 000] 


Intermediate Anneal: 
[0.020 to 0.050 in.] 
0.005 to 0.010 in.. 
0.010 to 0.050 in. 
Over 0.050 to 0. 100 in. 
Over 0.100 in. 


Drawing Anneal: 
{0.020 to 0.050 in.]} 
0.005 to 0.010 in 
0.010 to 0.050 in. 
Over 0.050 to 0.100 in. 
Over 0.100 in. 


~ (@ Onannealed material under 0.020 in. in thickness grain 
size only shall be specified.] 

Dimensional Tolerances.—Revise the 
tolerances prescribed in Sections 13 to 
16, inclusive, in accordance with the 
recommendations‘ of Subcommittee X ITI 
on Tolerances. 


~ —- 


Tentative Specifications for Brass Win 
(B 134-40T)2 
Section 11.—Add the following foot. 
note to the tabulation of tolerances: 


When tolerances are specified as all ply 
or all minus, double the above values. 


Tentative Specifications for Leaded High. 
Strength Yellow Brass (Mangany 
Bronze) Sand Castings (B 132-407); 
Section 5 (a).—Change from its pre- 

ent form to read as follows: 


(a) It is recommended that the test specimen 
coupons be cast to the form and dimension 
shown in Fig. 1, and they shall not be chilled 
The fin gate along the side shall be not less thar 
is in. in thickness at any point along its length. 


Section 7 (b).—Change from its present 
form to read as follows: 


(b) The sample for chemical analysis shal] lx 
taken by drilling or cutting the test coupon « 
sprue in such a manner as to be representative 
of the entire cross-section. 


Section 12.—Change from its present 
form to read as follows: 


12. Certification.—In the case of a produc 
manufactured in advance and supplied for sd 
from stock by the manufacturer, jobber, « 
other dealer, the product may upon request d 
the purchaser be certified by the manufactur: 
as conforming to these specifications subject t 
the following procedure: Not less than tw 
tension tests, from different heats, and not les 
than one chemical analysis shall be made bj 
the manufacturer from each day’s melt. Ree 
ords of the tension test results and chemi 
analysis shall be systematically made and ma 
tained and shall be the basis for certificatio 
In lieu of the manufacturer’s certification a 
upon written request by the purchaser, the 
records may be examined by the purchaser ort 
accredited representative upon the manuf 
turer’s premises. 


III. REVISIONS OF STANDARDS 


The committee recommends for i 
mediate adoption, revisions in certal 
specifications, as indicated below, 
accordingly asks for the necessary nist 
tenths vote at the annual meeting ” 
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order that these modifications may be 
referred to letter ballot of the Society: 


Standard Specifications for Copper Plates 
for Locomotive Fireboxes (B 11 — 33):° 
Section 1.—Change from its present 

form to read as follows: 

1. These specifications cover four grades of 
copper plates for locomotive fireboxes, as 
follows: 

Grade 1, Tough pitch copper (nonarsenical), 

Grade 2, Phosphorized copper (nonarsenical), 

Grade 3, Tough pitch arsenical copper, and 

Grade 4, Phosphorized arsenical copper. 

Section 3.—Change from its present 
form to read as follows: 


3. The copper shall conform to the following 
requirements as to chemical composition: 


Arsenic, 
per cent 


Phosphorus, 
per cent 


per cent 


rade 1... 99.90 
90 


rade 2 99. 
rade 3... 99.40 
rade 4 99.40 


Section 9. its 
form to read as follows: 


0.015 to 0.040 


9. The weight of each lot of five or more 
plates of the same grade and the same specified 
limensions when ordered to thickness shall not 
ary from the nominal by more than the amount 
rescribed in the accompanying Table V. The 


ABLE V.—_LOT WEIGHT TOLERANCES OF PLATES 
ORDE RED TO THICKNESS. 


Weight Tolerances, plus and 
minus, Expressed in Percentage 
of Theoretical Weight 


Thickness, in. 


Over 48 to 60 | 
in. in Width | 
in. in Width 

Over 90 to 110 
in., incl., in 

Width 


Over 72 to. 


| 


coo | Over 60 to 72 


nun 
= 


wn 


an 


HUD 

sa 

wn 

~ wn 

Run wn 


weight of any individual plate may vary from 
the nominal by not more than one-third in excess 
of the tolerances prescribed in Table V. The 
tolerance of lots of less than five plates shall be 
governed by the tolerance of individual plates. 
One cubic inch of rolled copper is assumed to 
weigh 0.323 lb. 


Standard Specifications for Seamless Cop- 

per Boiler Tubes (B 13 - 40):3 

Section 1.—At the end of Section 1 
add a note to read as follows: 

Note.—In the event copper boiler tubes for 
welding purposes are desired, deoxidized copper 
should be ordered to the Tentative Specifica- 
tions for Seamless Copper Tubes (A.S.T.M. 
Designation: B 75) of the American Society for 
Testing Materials in so far as chemical composi- 
tion requirements only are concerned. Other 
requirements shall be in accordance with these 
Standard Specifications B 13. 


Standard Specifications for Free-Cutting 
Brass Rod for Use in Screw Machines 
(B 16 29; ASA H8-1934)3% 

The following revisions are recom- 
mended in order to include in these 
specifications requirements for soft and 
half-hard tempers in accordance with 
Federal Specification QQ-B-611a: 


Section 1.—Reletter as Paragraph (a) 
and add the following as Paragraph (6): 

(b) Half-hard temper shall be supplied unless 
otherwise specified. 

Tensile Properties.—Add a new Sec- 
tion 6 on Tensile Properties to read as 
follows, renumbering the remaining sec- 
tions accordingly: 

6. The material shall conform to the re- 
quirements as to tensile properties prescribed 
in the accompanying Table VI. 


Section 6.—Reletter as Paragraph (a) 
and add the phrase “in the half-hard 
temper” after ‘Rods or bars.” 

Add a new Paragraph (0b) to read as 
follows: 


(b) The bend test may be waived at the option 
of the purchaser. 


Section 8.—Add the following footnote 
to the tabulation of dimensional toler- 


{ 
| 
0.015 to 0.040 
0.15 to 0.50 
| 
| 
= 
sand under...........] 8 
Over 6.5 
4 
ols | 
las | 
| 4 
wer etoy% 3.5 
| 
| 275 | 
ed. 
| 
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TABLE VI 


TENSILE REQUIREMENTS. 


Nominal Diame-| 
ter or Distance | 
Between Paral- 

Jel Faces, in. 


Temper 


Strength, 
min., psi. 
Elongation in| 
2 in., min., | 

per cent 


| Yield 


48 000 
44 000 | 18 000 
40.000 | 15 000 | 


60 000 | 28.000 | 
25 000 


55 000 
50 000 | 20 000 
15 000 


45.000 | 


1 and under 
Over 2 
Half hard 
(rounds, hexa- 
gons, and 
octagons).... . | 


0.50 and under 
Over 0. 50 to1 
Over 1 to 2 
Over 2 


Thick- 
ness, 
in. 


1 and 
under. 
Over 1 


tangles and 
squares)...... 


Half hard (rec- 
50 000 | 25 000 10 
20% 


Over 2 | 45 000%) 17 0007 


“ In the.case of bars either over 1 in. in thickness or 
over 2 in. in width, or both, these values shall apply. 


Table I.—Change the tensile strength 
requirements and the designations {o, 
“light temper” and “drawn temper” ty 
read as follows by the addition of the 
italicized words and figures and the 
omission of those in brackets: 

Temper 


Light drawn*......... .[40 000] 36 000 to Soap 
Hard drawn 


* [40 000] 48 000 min, 


* Light drawn temper applies only to types K ani | 
tubing. 


Standard Specifications for Sheet Coppa. 
Silicon Alloy (B 97 — 40) 
Table I.—Change to read as shown 
in the accompanying Table VII. 


Tensile Strength, psi, 


Straightness Tolerances.—Add a nex 


TABLE VII.—CHEMICAL REQUIREMENTS. 


Type A Type B Type C 


Copper, min., per cent 
Silicon, per cent 


One or more of the following elements may be. present ‘within the 
limits specified below, subject to limits of the specific alloys as 


given in the Appendix (Table III): 
Manganese, max., per cent ; 
Zinc, max., per cent 
Iron, max., per cent 
Tin, max., ‘per cent 
Nickel, max., per cent 
Lead, max., per cent ; 

Sum of above elements, min. » Per cent 


6.00 91.00 


94.80 
2.75 to 3.50 0. 1. to 2.007 2.00 to 3.0 


99.50 


* An alloy containing as high as 2.60 per cent silicon is acceptable pre providing the sum of all elements, other than coppe, 


silicon, and iron does not exceed 0.30 per cent. 


ances: “When tolerances are specified 
as all plus or all minus, double the above 
values.” 


Standard Specifications for Copper Water 
Tube (B 88 39; ASA H23.1-1939)° 
Sections 2 and 4, and Table IT .— 

all references and 

type O tubing. 
Section 5.—Change from its present 
form: namely, 


Omit 


5. The copper shall have a purity of at least 
99.90 per cent as determined by electrolytic 
assay, silver being counted as copper. 


to read as follows: 


5. The copper shall conform to the following 
requirements as to chemical composition: 
99 .90 
0.04 


Copper,* min., percent ........ 
Phosphorus, max., per cent. . 


4 Silver counting as copper. 


requirements for 


Section 12 on Straightness Tolerances 
read as follows, renumbering the re 
maining sections accordingly: 

12. The edgewise curvature (depth of chord 


for slit metal in a 72-in. length of metal st 
not exceed the following: 


A ppendix.—Add as an appendix @ 
the end of these specifications, detail 
information on commercially availabl 
alloy compositions as shown in tt 
accompanying Table ITI. 

Standard S pecifications for Copper-Silio 
Alloy Rods, Bars, and Shapes (BY 
40)* and Copper-Silicon Alloy 
General Purposes (B 99 — 40)3 
Table I.—Change to read as show 

in the accompanying Table VIL 


190 
th 
30 
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20 
\ 
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1.50 0.75 1.25 
1.50 1.50 4.50 
1.60 0.80 0.80 
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rength Appendix.—Add as an appendix at Standard Specifications for Castings of the 
ns for the end of these specifications; detailed Alloy: Copper 88 per cent, Tin 8 per 
er” to information on commercially available cent, Zinc 4 per cent (B 60 — 36): 


of t 
4 TABLE VIII. CHEMICAL REQUIREMENTS. 


| Type A Type B Type C 


per, min., per cent 94.80 96.00 91.00 
on, per cent : 2.75 to 3.50 0.75 to 2.00% | 2.00 to 3.00 2.75 to 3.50 
0.20 to 0.80 


or more 0 
within the limits specified below, subject to limits 
of the specific alloys as given in the Appendix 
(Table IX): 5 
langanese, max., per cent 1.50 75 1.25 1.50 
nc, max., per cent 1.50 oJ 4.50 1.50 
on, max., per cent 1.60 : 0.80 0.25 
Tin, max., per cent 0.75 
Lead, max., per cent eT 0.05 -05 0.05 = 
of above elements, min., per cent. ... abe 99.50 | 99.50 | 99.50 99.50 


An alloy containing as high as 2.60 per cent silicon is acceptable providing the sum of all elements, other than copper, 
silicon, and iron does not exceed 0.30 per cent. 


For the information of those using these specifications the commercially available specific alloys 
are listed in Table 1X together with the manufacturers’ published chemical composition limits. 
The alloy designations listed below are for convenience only and have no commercial significance. 


TABLE IX.—COMMERCIALLY AVAILABLE COPPER-SILICON ALLOY WIRE. 
Nore.—Analysis shall regularly be made only for the elements specifically mentioned in this table for a designated — 
y. If the presence of other elements is suspected, or indicated in the course of routine analysis, further analysis shall 
¢ made either chemically or spectrographically to determine that the total of these other elements is not in excess of © 
$0 or 0.30 per cent as specifically indicated in the table. 


| R | y 


PI Cop- Silicon, Iron, Manganese, Tin, Zinc, Lead, 
i per per cent per cent per cent per cent per cent per cent 


0.10 to 0.50 
0.15 to 0.40 


).5in. 
1 in. 


endix 2 
detaile: 


available 


No. 3. 0.30 to 0.70 
in the 0.30 to 0.70 
0.25 max. 0.65 to 1.25 


0, 3.33 0.20 max. 
No. 32 | | | 0.25 max. 
‘3 : * Analysis for 


as show 


; min., 
per cent 
A 
to 
No. i . y 
No. to 3.50 | 0.80 to 1.60 
of chord No. : 0.85 to 1.35 
netal sha Tyre B 
No. | 1.25 to 1.60 -05 
05 0 


alloy compositions as shown in the Section 1 (c).—Omit this paragraph 
accompanying Table IX. which reads as follows: 


| 
h, psi. | 
0 500%) 
) min. 
K and | 
| 
Op per- 
shown 5 | 
a new 4 
‘ype C 
01.00 
| 
1.25 
4.50 
0.80 
0.0 
0.05 
| 
25 to 0.50 99.50 j 
30 to 0.73 | 99:30 


(c) It is recommended that this alloy shall 
not be used where castings are subjected to a 
temperature exceeding 500 F. (260 C.). 


Section 4 (b).—Make the same change 
in this section as is recommended above 
in Section 7 (6) of Specifications B 132. 

Section 6 (a).—Make the same change 
in this section as is recommended above 
in Section 5 (a) of Specifications B 132. 

Figure 2.—Add an additional dimen- 
sion of 3} in. for the width of web. 

New Section.—Add as new Section 12, 
the certification clause recommended 
above for inclusion as Section 12 of 
Specifications B 132. 


Standard Specifications for Steam or 
Valve Bronze Castings (B 61 — 40): 
Section 1.—Change from its present 

form: namely, 

1. These specifications cover alloy castings, 
the alloy being a composition of copper, tin, 
lead, and zinc, commonly used as a high-grade 
steam metal or valve bronze, which is suitable 


for applications involving temperatures* of 
500 F. (260 C.). 


“ The temperature recommendation of the scope clause 
is conservative in view of known design practice. Es- 
tablishment of definite limiting design stresses and of 
dimensional standards later may possibly permit some 
raising of the limiting temperature above that now rec- 
ommended. 


to read as follows: 

1. These specifications cover alloy castings, 
the alloy being a composition of copper, tin, 
lead, and zinc, commonly used as a high-grade 
steam metal or valve bronze.* 


“The Rules for Construction of Unfired Pressure 
Vessels of the A.S.M.E. Boiler Construction Code (Par. 
U-20 (f)) require that bronze valves and steam metal con- 
forming to these specifications shall be limited to tempera- 
tures of 550 F. 


Section 4 (b).—Make the same change 
in this section as is recommended above 
in Section 7 (6) of Specifications B 132. 

Section 6 (a).—Make the same change 
in this section as is recommended above 
in Section 5 (a) of Specifications B 132. 

Figure 2.—Make the same change 
in this figure as is recommended above 
in Fig. 2 of Specifications B 60. 

New Section.—Add as new Section 12, 
the certification clause recommended 
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above for inclusion as Section 12 of 
Specifications B 132. 


Standard Specifications for Composition 
Brass or Ounce Metal Castings (B 62 - 

Section 1.—Omit the second sentence 
which reads as follows: 


Castings of this alloy are commonly used j: 
hydrostatic pressure up to 350 psi. 


Add a new footnote to this section to 
read as follows: 


The Rules for Construction of Unfired Pres 
sure Vessels of the A.S.M.E. Boiler Construction 
Code (Par. U-20 (f)) require that composition 
or ounce metal conforming to these specifications 
shall be limited to temperatures of 406 F. 


Section 4 (b).—Make the same change 
in this section as is recommended above 
in Section 7 (6) of Specifications B 13). 

Section 6 (a).—Make the same change 
in this section as is recommended above 
in Section 5 (a) of Specifications B 132 

Figure 2.—Make the same change i 
this figure as is recommended above ir 
Fig. 2 of Specifications B 60. 

New Section.—Add as new Section 12 
the certification clause recommended 
above for inclusion as Section 12 oi 
Specifications B 132. 


IV. ADOPTION OF TENTATIVE 
STANDARDS AS STANDARD 


The committee recommends that the 
Tentative Specifications for Brass Pipe 
Standard Sizes (B43 — 40 be ap 
proved without change for reference ! 
letter ballot of the Society for adoptiot 
as standard. 


V. WITHDRAWAL OF STANDARDS AND 
TENTATIVE STANDARDS 


The committee recommends the with 
drawal of the following three standart 
specifications, one tentative standatt, 
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and two existing tentative revisions 
since these are being superseded by new 
tentative specifications as mentioned 
earlier in this report: 
Standard Specifications for: 
Manganese-Bronze Sand Castings (B 54- 
39), including existing tentative revision, 
Aluminum Bronze Castings (B 59 — 39), 
Manganese-Bronze Ingots for Sand Castings 
(B 7-39), including existing tentative 
revision. This standard is being with- 
drawn since the ingots covered by these 
specifications are now included in the 
present Tentative Specifications for Cop- 
per-Base Alloys in Ingot Form for Sand 
Castings (B 30-40 T), and 


Tentative Specifications for Sand Castings of 
the Alloy: Copper 80 per cent, Tin 10 per 
cent, Lead 10 per cent (B 74 - 32 T). 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 88 voting members; with the results 
shown in Table X. 


VI. EprrortAL CHANGE IN STANDARDS 
AND TENTATIVE STANDARDS 


The committee recommends as an 
editorial matter that a paragraph on 
Basis of Purchase be added to all 
standards and tentative specifications 
under its jurisdiction. In this para- 
graph will be given the pertinent in- 
formation necessary for the correct 
purchase of the material. This editorial 
change is to be made in each of the 
specifications at their earliest printing. 


ACTIVITIES OF SUBCOMMITTEES 


Committee B-5 during the past year 
has extended the work of its subcom- 
mittees by the appointment of individual 
subgroups or special subcommittees func- 
lioning as working committees on a par- 
ticular problem or assignment. Meetings 
of these smaller special subgroups have 
been held during the year in Washington, 
D. C., Philadelphia, Pa., New York, 
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N. Y., and Waterbury, Conn. The 
general results of this activity are re- 
ported under the particular subcommit- 
tees to which they belong. 

Subcommitiee I on Copper-Zinc Sheet 
and Strip (G. H. Harnden, chairman) has 
given special attention to the revision of 
tables of tolerances, with changes in 
Rockwell hardness of brass sheet, and to 
a round-robin study of the methods of 
grain size determinations. The situa- 
tion relative to tolerances, however, de- 
veloped to a point where it was felt that 
a separate subcommittee responsibie for 
tolerances should be organized. Ac- 
cordingly Subcommittee XIII on Toler- 
ances has now been organized and 
further reference to its work appears 
later in this report. 

In the grain size round-robin study 
several laboratories have been actively 
cooperating with the Frankford Arsenal, 
Philadelphia, Pa., and have accumulated © 
considerable data which will ultimately 
be presented to the Society through 
Committee B-5. Preliminary analysis 
has indicated the need for specializing 
the method of obtaining data on grain 
size. At the present time new speci- 
mens have been prepared by Frankford 
Arsenal covering various anneals on 
sheet brass which are to be submitted to 
a special subcommittee for further study 
of grain size. The program of investiga- 
tion has been developed by this special 
subcommittee in cooperation with repre- 
sentatives of the War Department and 
statisticians and all data are to be ob- 
tained as outlined by this group. Upon 
completion of the readings, the report is 
to be summarized and it is anticipated 
that information will be developed rela- 
tive to the variation to be expected by an 
observer on various grain sizes as well 
as the expectancy that may be obtained © 
between observers on standard grain 
sizes. Specific forms and instructions 
have been developed for obtaining these 
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data. The results should permit the specifications calling for grain size meas. 
setting up of methods of obtaining grain urements. 
TABLE X.—ANALYSIS OF LETTER BALLOT VOTE. 


Ballots 
Items Affirmative Negative | Marked“) 


I. New TENTATIVE STANDARDS 


Spec. for Copper Sheet, Strip, and Plate 
Spec. for Leaded Red Brass (Hardware Bronze) Rods, Bars, and Shapes... 
Spec. for Aluminum Bronze Rods, Bars, and Shapes : 
Spec. for Copper-Nickel-Zinc Alloy Rod and Wire 
Spec. for Manganese Bronze Rods, Bars, and Shapes 
_ Spec. for Tin-Bronze and Leaded Tin- Bronze Sand C astings, 
Spec. for Leaded Red Brass and Leaded Semi Red Brass Sand Castings... . 
Spec. for Leaded Yellow Brass Sand Castings for General Purposes. ... 
Spec. for High- Strength Yellow Brass and High-Strength Leaded Yellow 
Brass Sand Castings, to replace Standard Spec. B 54 - 39 and tentative rs 
revision tlons 
a ¥ for Aluminum Bronze Sand Castings, to replace Standard Specs. d. 
59 - : and . 
Spec. for Leaded Nickel Brass (Leaded Nickel Silver) and Leaded Nickel iige= 
Bronze (Leaded Nickel Silver) Sand Castings : in di 
Spec. for High-Leaded Tin-Bronze Sand Castings, to replace Tentative d 
Spec. (B 74 - 32 T) ae made 
Test for Expansion of C opper and Copper- t-Alloy Tubing (Pin Test)... aS by Si 
Mercurous Nitrate Test for Copper a Copper Alloys... 
II. Revision or TENTATIVE STANDARDS coop 
Spec. for Cartridge Brass, Sheet, Strip, and Disks (B 19 - 40 T).. : Rese: 
Spec. for Copper-Base Alloys in Ingot Form for Sand Contings (B 30-40 T) r <i 
Spec. for Brass Sheet and Strip (B 36 - 40 T) : Sui 
Spec. for Copper Pipe, Standard Sizes (B 42 - 39 T) és . 
Spec. for Seamless Copper Tubing, Bright (B 68 ~ 39 T) : and 
Spec. for Seamless Copper Tubes (B 75 - 40 T)... ne t not | 
Spec. for Cope: -Silicon Alloy Plate and Sheet (B 96 - 40 T). aa 
Spec. for Rey ium Copper Alloy Bars, Rods, Sheet, hewned ‘and Wire. much 
(B 120 40 
Spec. for od 1 Brass Sheet and Strip (B 121 - 39 T). specif 
Spec. for Copper-Base Alloy Forging Rods, Bars, and Shapes (1 (B 124-39 T; 
ASA H7-1939).. : not b 
Spec. for Gilding Metal Sheet and Strip (B 130 - 40 T).. Pe ep ae d i 
Spec. for Brass Wire (B 134 - 40 T) year, 
Spec. for Leaded High- te Yellow Brass (Manganese Bronze) § Sand Wh | 
Castings (B 132-40T).... ee 
III. Revisions or STANDARDS and ] 
Spec. for Copper Plates for Locomotive Fireboxes (B 11 - 33), immediate place 
adoption. . 
Spec. for Seamless Copper Boiler Tubes (B 13 - 40), immediate adoption regret 
Spec. for Free-Cutting Brass Rod for Use in Screw Machines (B 16 - 29; 
ASA H8-1934), immediate adoption. . expres 
Spec. for Copper Water Tube (B 88 - 39; ASA H23.1- 1939), immediate value 
adoption valuak 
Spec. for Sheet Copper- -Silicon Alloy (B 97 - 40), immediate adoption 3 : as ch 
Spec. for Copper-Silicon Alloy Rods, Bars, and Shapes (B 98 - 40), imme- cna 
diate adoption...... Sub 
Spec. for Copper- Silicon Alloy Wire for General Purposes (B 99 - 40), Jen 
immediate adoption. .. Zinc § 
Spec. for Castings of the Alloy: omen 88 per cent, ‘Tin 8 per cent, Zinc 4 . 
per cent (B 60 - 36), immediate adoption.... man) } 
Spec. for Steam or Valve Bronze Castings (B 61 - 40), immediate adoption 
Spec. for Composition Brass or Ounce Metal Castings (B 62 - 36), imme- have b 
diate adoption......... ey tive S 


IV. OF TENTATIVE STANDARD AS STANDARD 
Spec. for Brass Pipe, Standard Sizes (B 43 - 40 T) “inc ar 
V. WITHDRAWAL OF STANDARDS AND TENTATIVE STANDARDS Strip ( 


Spec. for Manganese-Bronze Sand Castings (B 54 - 39), including existing jurisdic 
tentative revision 

Spec. for Aluminum Bronze Castings (B 59 - - 39). ; Subc 

Spec. for Manganese-Bronze Ingots for Sand Castings (B7- 39), including . 
existing tentative revision Copper 

Spec. for Sand Castings of the aed Copper 80 per cent, Tin 10 per ope 4 Wa 

oh 
of mee: 


Lead 10 per cent (B 74 32 T) 0 
sien on copper and copper alloys as well porn group of this subcommitte few m 
as new standards of grain size limits has been working on methods of tf Tent); 
which should eliminate a great many of _ that might be satisfactorily employed! Silicon 
the difficulties heretofore experienced in obtaining bend test requirements ” 
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primer brass. It is anticipated that this 
work also will ultimately lead to further 
revisions of the specifications controlling 
the quality of this material. 

The subcommittee is recommending 
minor changes, as given earlier in this 
report, in the Tentative Specifications 
for Brass Sheet and Strip (B 36 - 40 T), 
Gilding Metal Sheet and Strip (B 130 - 
4) T), and Leaded Brass Sheet and Strip 
(B121-39T). In these three specifica- 
tions and also in the Tentative Specifica- 
tions for Cartridge Brass Sheet, Strip, 
and Disks (B 19 — 40 T) certain changes 
in dimensional tolerances are also to be 
made. This matter is now being studied 
by Subcommittee XIII on Tolerances in 
cooperation with the Copper and Brass 
Research Association. 

Subcommittee II on Copper-Tin Sheet 
and Strip (H. V. Schlacks, chairman) has 
not been active during the year, inas- 
much as the need for revisions in the 
specifications under its jurisdiction has 
not been found necessary. During the 
year, the former chairman, R. J. 
Wheeler, found it necessary to resign, 
and Mr. Schlacks was elected in his 
place. The committee in accepting with 
regret the resignation of Mr. Wheeler 
expresses its deep appreciation of his 
valuable aid during his term of service 
as chairman. 

Subcommittee III on Copper-Nickel- 
Zinc Sheet and Strip (E. S. Bunn, chair- 
man) has not been active and no changes 
have been found necessary in the Tenta- 
tive Specifications for Copper-Nickel- 
dinc and Copper-Nickel Alloy Sheet and 
Strip (B 122 — 39 T), which are under its 
jurisdiction. 

Subcommittee IV on Miscellaneous 
Copper Base, Sheet and Strip Alloys (L. 
A, Ward, chairman) has held a number 
ol meetings and has sponsored quite a 
few meetings of its subgroups. The 
Tentative Specifications for Copper- 
Silicon Alloy Plate and Sheet (B96 — 
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40T) and for Sheet Copper-Silicon 
Alloy (B 97-40) are being revised to 
allow the inclusion of a requirement for 
nickel of 0.6 maximum per cent in alloys 
of types A, B, and C. A new table of 
compositions of the various copper- 
silicon alloys covered by Specifications 
B 96 and B 97 is being appended to the 
specifications. It is felt that this is 
desirable inasmuch as there has been a 
strong feeling among the members 
of the committee to the effect that the 
grouping of a large number of alloys 
under one broad range of chemical 
composition is undesirable. This is a 
reversal of the trend of committee ac- 
tions for about the past six or eight years. 
A special subgroup has been obtaining 
data on the tolerances for hot-rolled 
material covered by Specifications B 96, 
and, on the basis of these data, it was 
found desirable to maintain the present 
tolerances in force for at least one 
additional year. 

The committee has actively cooper- 
ated with the Federal Specifications 
Board and has recommended certain 
changes in the Federal Specification for 
Copper-Silicon-Alloy Bars, Plates, Rods, 
Shapes, Sheets, and Strips (QQ-C-591). 
Correlation of the requirements in the 
Federal Specifications and the cor- 
responding A.S.T.M. Specifications has 
been successfully carried out. 

The subcommittee has also given 
special study to the Tentative Specifica- 
tions for Beryllium-Copper Alloy Bars, 
Rods, Sheet, Strip, and Wire (B 120 
40 T), and in cooperation with the 


Aeronautical Specifications Board, is’ 


planning a change in the requirement for 
the beryllium content from ‘2.00. to 
2.25 per cent” to “1.90 to 2.20 per cent.” 
This change will probably be presented 
to the Society through Committee E-10 
on Standards later in the year.6 The 


6 See Editorial Note, p. 198. 
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addition of straightness tolerances to 
Specifications B120 has been recom- 
mended by the subcommittee. 

Another subgroup reported on sizes of 
phosphorized cakes available from re- 
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the specifications revised as noted earlier 
in this report. 

A subgroup was appointed to study. 
in cooperation with the Frankford Arse. 
nal, the development of quality contro) 


fineries. A final report and recom- requirements for copper used in pressure 


mendations are to be submitted to Sub- cylinders. Samples of this material sd 
committee IV in June. have been circulated for study, and ' ul 

Proposed Specifications for Copper _ special lots of copper have been prepared ; 
Sheet, Plate, and Strip have been pre- for the Arsenal in accordance with the bef 
pared as mentioned earlier in this report. proposed specifications. It was agreed art 

Subcommittee V on Miscellaneous by the committee that these specifica. r° | 
Copper-Base Wire and Rod Alloys (W. _ tions would not be issued by the Society, te 
H. Bassett, Jr., chairman) has com- but that the committee would cooperate a 
pleted the preparation of specifications as fully as possible with the War De. f oe 
for manganese-bronze rod, aluminum- partment in the development of the re. 
bronze rod, and leaded red-brass rod, as quirements for this material. — 
mentioned earlier in this report, which Subcommittee VI on Condenser Tubes score 
are being recommended for publication (G. C. Holder, chairman) has held w — 
as tentative. Two other specifications meetings this year and has not foundit § si 
which have been completed, covering necessary to recommend changes in any pe “ 
phosphor-bronze rod and phosphor- specifications under its jurisdiction. 
bronze wire, will be given further con- Subcommittee VII on Copper or De tons: a 
sideration at a meeting of the committee oxidized Copper Tubes (R. S. Pratt, & i, tent 
in June, following which they may be chairman) has recommended revisions = if 
presented to the Society through Com- _ in the Tentative Specifications for Seam: ot ' 
mittee E-10 on Standards.*® less Copper Tubes (B 75 — 40 T), fa 0) ‘ 


As planned by this subcommittee, the 
Specifications for Copper-Silicon Alloy 
Rods, Bars and Shapes (B 98 — 40) and 
for Copper-Silicon Wire for General 
Purposes (B 99 — 40) are being revised 
with respect to changes in chemical 
composition. This work is being done 
in cooperation with Subcommittee IV, 
inasmuch as it seems desirable to have 
each alloy definitely described as to 
nominal composition and range. The 
subcommittee is considering the recom- 
mendation that a new clause be inserted 
in the Tentative Specifications for Cop- 
per Rods, Bars, and Shapes (B 133 - 
40 T) to specify the use of phosphorized 
copper when the copper is to be welded. 
Values for soft and half-hard rods are to 
be included in the Standard Specifica- 
tions for Free-Cutting Brass Rod for 
Use in Screw Machines (B 16 - 29) and 


Seamless Copper Tubing, Bright Av- 
nealed (B68 — 39T), and for Copper Pipe 
Standard Sizes (B 42 — 39 T), as gives 
earlier in this report. The revision i 
Specifications B 75 includes the addition 
of requirements for methods of test ani 
oxygen-free and deoxidized copper a! 
also. requirements for electrical co 
ductivity. The latter were prepared i 
cooperation with Committee B-l 
Copper and Copper-Alloy Wires 
Electrical Conductors. 

Early this year H. Y. Bassett found! 
necessary to resign as chairman andé 
an active participant in committee wo 
due to a change in the work under 
control. The committee accepted Mr 
Bassett’s resignation with regret 
elected R. S. Pratt as the new chain 
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Subcommittee VIII on Copper Alloy 
Tubes for General Use (Alan Morris, 
chairman) has not been active during 
the year inasmuch as it has not been 
found necessary to recommend any 
changes in the specifications under its 
jurisdicuion. 

Subcommittee IX on Copper-Base Alloy 
Forgings (J. J. Kanter, chairman), like- 
wise, has not been active during the year 
and has not found it necessary to con- 
sider any further changes in the specifi- 
cations under its jurisdiction. 

Subcommittee X on Copper-Base Alloys 
for Sand Castings (G. H. Clamer, chair- 
man) has completed seven new tentative 
specifications covering copper alloy sand 
castings as mentioned earlier in this re- 
port. Of these, two represent a revision 
of, and replace, two existing standard 
specifications, the withdrawal of which 
is recommended; four are new specifica- 
tions; and one isa replacement ofan exist- 
ingtentative standard. Inthe Tentative 
Specifications for Copper-Base Alloys in 
Ingot Form for Sand Castings (B 30 
4) T) a revision is being recommended 
| in the composition requirements for 
| aluminum-bronze ingots. 
| Subcommittee XI on Methods of Test 
for Copper and Copper Alloys (A. J. 
Phillips, chairman) has conducted three 
investigations during the year, one on 
the mercurous-nitrate test in connection 
with which two papers are to be pre- 
sented before the annual meeting of the 
Society; the second on the expansion pin 
est for copper and copper-alloy tubes; 
and the third on methods of examination 
and test of phosphorized and oxygen-free 
lypes of copper. The first two investi- 
gations have resulted in the preparation 
of proposed Tentative Methods of Mer- 
curous Nitrate Test for Copper and 
Copper Alloys and a Test for Expansion 

Pin Test) of Copper and Copper Alloy 
Tubing as mentioned earlier in this 
‘port. Upon completion of the third 


investigation, it is anticipated that a 
procedure will be recommended to those 
subcommittees interested in including 
this form of test in their specifications. 
The studies made in connection with 
the development of the mercurous ni- 
trate test are described in two papers ap- 
pearing as appendices’ to this report by 
H. Rosenthal and A. L. Jamieson on 
“Mercury Cracking Test, Procedure and 
Control,” and by Harry P. Croft on 
“Influence of External and Stresses on 
Tendency of Brass Wires to Stress-Cor- 
rosion Crack, as Indicated by the Mer- 
curous Nitrate Test.’”® 

Subcommittee XII on Publication of 
General Information (C. S. Cole, chair- 
man) is making another survey on the 
possibility of publishing all of the copper- 
base alloy specifications in a separate 
volume. This subcommittee has also 
prepared a special clause which is to be 
recommended for inclusion in all of the 
specifications under the jurisdiction of 
Committee B-5. This clause will indi- 
cate the type of information or instruc- 
tion that the purchaser of a material 
under an A.S.T.M. specification should 
include in the purchase order. The 
matter of revision of Campbell’s List of 
Alloys is under consideration. It may 
be undertaken provided Committee B-5 
can obtain sufficient cooperation from 
the other interested committees. 

Subcommittee XIII on Tolerances (R. 
G. Thompson, chairman) was organized 
during the early part of this year. The 
work of this committee is proceeding, 
and it is anticipated that within the 
year numerous. actions affecting 
A.S.T.M. specifications will be recom- 
mended to the Society. This committee 
was organized primarily for the purpose 
of setting up a means of active coopera- 
tion with the Copper and Brass Research 
Association in the development of toler- 


7 See p. 897. 
8 See p. 905. 
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ances for copper and copper-alloys in This report has been submitted tp 
behalf of the consumer interest. The letter ballot of the committee whic 
personnel of the subcommittee is re- consists of 88 voting members; 38 mem. 
stricted to consumer representation. bers returned their ballots, all of whom 
Representatives of the various Federal have voted affirmatively. 

agencies and a representative group of 


consumers are cooperating in this work. Respectfully submitted on behalf ¢ 
Revisions in tolerances, to be recom- the committee, 
mended to the: various specification C. H. GREENALL, 
writing subcommittees of Committee Chairman 
B-5, will probably result from the work C. H. Davis, 
of this subcommittee. Secretary. Co 
and / 
year: 
EpitoriAL NOTE 
Subsequent to the annual meeting, Committee B-5 presented to the Society tenda 
through Committee E-10 on Standards the following recommendations: Certa 
New Tentative Specifications for: other 
Phosphor Bronze Rods, Bars, and Shapes (B 139 — 41 T), q the y 
Phosphor Bronze Wire (B 159 — 41 T), and Al 
Revision of: Societ 
Tentative Specifications for Beryllium-Copper Alloy Bars, Rods, Sheet, c 
Strip, and Wire (B 120 — 41 T). — 
These recommendations were accepted by Committee E-10 on August 25, The 
1941, assigned the A.S.T.M. serial designations indicated above, and the new raise § 
and revised tentative standards appear in the 1941 Supplement to Book of ductin 
A.S.T.M. Standards, Part I, pp. 427, 435, and 475. speci 
On November 8, 1941, Committee E-10 accepted a tentative revision proposed hesiun 
by Committee B-5 in the Standard Specifications for Phosphor Bronze Sheet $2000 
and Strip (B 103 - 40) which appears in the 1941 Supplement to Book existin 
of A.S.T.M. Standards, Part I, p. 595. constri 
On November 28, 1941, Committee E-10, on the recommendation of Com- pay th 
mittee B-5, accepted new Tentative Specifications for Aluminum Bronze Sheet he 
and Strip (B 169 - 41 T) which are published in the special compilation of ; 
“A.S.T.M. Standards on Copper and Copper Alloys,” 1941, p. 305, and are wh 
also available as a separate reprint. pointec 
the pr 
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ON 


DIE-CAST METALS AND ALLOYS 


Committee B-6 on Die-Cast Metals 
and Alloys held two meetings during the 
year: one in Atlantic City, N. J., on 
June 27, 1940, and one in Washington, 
D. C., on March 4, 1941, with an at- 
tendance of 29 and 25, respectively. 
Certain of the subcommittees also held 
other meetings at various times during 
the year. 

A balance of $138.42 is reported by 
Society headquarters in the fund of 
Committee B-6 as of December 31, 1940. 

The committee has undertaken to 


raise $2000 to defray the expense of con- 
ducting atmospheric exposure tests on 
specimens of zinc, aluminum, and mag- 


nesium alloys. It is estimated that 
$2000 will cover the payment of an 
existing bill for $416.30, incurred in the 
construction of exposure racks, and will 
pay the packing and shipping charges 
when the present exposure tests have 
been completed. The committee ap- 
pointed to solicit contributions from 
the producers and consumers of die 
castings to finance the present research 
program consists of G. O. Hiers, chair- 
man, W. M. Peirce, A. E. Keskulla, 
J.C. Fox, and C. R. Ince. 

In order to facilitate the creation of 
i hew committee to study methods of 
lest and specifications for plated metal 
coatings, this committee expressed its 
willingness to relinquish that part of its 
‘cope relating to specifications for plated 
metal coatings and their methods of test 
and sampling. Similar action by other 
allected committees resulted in the 


organization of Committee B-8 on Elec- 
trodeposited Metallic Coatings. 

In order that all of the die casting 
activities of the Society will properly 
come under the jurisdiction of this com- 
mittee, the scope of Committee B-6 was 
revised to read as follows: 

Scope.—Aluminum, copper, iron, lead, mag- 
nesium, tin and zinc-base die-casting alloys, or 
any other alloys cast in molds or dies under 
pressures other than gravity and usually sub- 
stantially greater than atmospheric pressure. 
Formulation of specifications and methods of 
test. Studies of finishing properties and cor- 
rosion resistance of die castings. Also studies 
of the art of die casting and the material needs 
for die-casting machines and dies. 

Committee B-6 has under considera- 
tion the possible formation of a new sub- 
committee to study brass die castings. 
This subject has not created much 
interest in the past because of the inade- 
quate life of the die steels. The search 
for more suitable steels has been at- 
tempted unsuccessfully both by labora- 
tories and, several years ago, by the 
former Subcommittee XXIII on Die 
Steels, of Committee A-1 on Steel. It 
seems likely that this will be an obstacle 
to the increase in the application of brass — 
die castings in the near future. How- 
ever, it was deemed advisable to in- 
vestigate thoroughly whether there was 
sufficient interest in brass die casting to 
warrant the formation of a new sub- 
committee either to undertake active 
research work or merely to write speci- 
fications for the alloys now being die 
cast. The following committee was 
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appointed to investigate this subject 
and to report to Committee B-6 at its 
next meeting: J. C. Fox, chairman, J. R. 
Freeman, Jr., and Sam Tour. 
_ A number of additions and changes in 
the membership of the committee have 
been approved during the year. At the 
present time the committee consists of 
82 members, 65 of whom are voting 
members; 26 are classified as producers, 
20 as consumers, and 19 as general 
interest members. 


= REVISION OF TENTATIVE STANDARD 


The committee recommends that the 
‘Tentative Specifications for Zinc-Base 
Alloy Die Castings (B 86-38 T)' be 
revised as follows and continued as 

tentative: 

Table I.—In the table of requirements 
for chemical composition of alloy No. 
_XXV, change the minimum magnesium 


and change the maximum allowable tin 
limit from ‘0.002” to “0.005” per cent. 
This recommendation has been sub- 
mitted to letter ballot of the committee 
_which consists of 65 voting members; 
43 members returned their ballots, of 
whom 32 have voted affirmatively, 4 
negatively, and 7 members marked their 
ballots “not voting.” The classified 
vote on this recommendation was as 
follows: Affirmative: 9 producers, 14 
consumers, and 9 general interest; nega- 
tive: 2 producers and 2 consumers. 


II. TENTATIVE STANDARDS CONTINUED 
AS TENTATIVE 


The committee recommends that the 
_ following tentative specifications be con- 
tinued as tentative without revision: 
Tentative Specifications for: 
- Aluminum-Base Alloy Die Castings (B 85 
_ Magnesium-Base Alloy Die Castings (B 94 - 
40 T), and 
Lead- and Tin-Base Alloy Die Castings 
(B 102 - 39 T). 
11939 Book of A.S.T.M. Standards, Part I, p. 1153. 


REPORT OF COMMITTEE B-6 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Aluminum-Base 
Die-Casting Alloys (E. E. Thum, chair. 
man) has under consideration with Sub- 
committee II on Aluminum Alloy Cast- 
ings, of Committee B-7 on Light Metals 
and Alloys the study of the effects of 
minor alloying elements on aluminum 
alloys. 

Subcommittee I is still planning to 
arrange with two producers for the die 
casting of test specimens of an alloy of 8 
per cent magnesium, remainder alu- 
minum, in order to study the effect of 
time on composition, that is, loss of 
magnesium and increase of iron. 

Subcommittee II on Zinc-Base Die- 
Casting Alloys (C. T. Prendergast, 
chairman) has recommended a revision 
of the Tentative Specifications for Zinc- 
Base Alloy Die-Castings (B 86 - 38T) 
with respect to the composition re- 
quirements for alloy No. XXV as men- 
tioned earlier in this report. 

Subcommittee ITI on Tin- and Lead- 
Base Die-Casting Alloys (G. O. Hiers, 
chairman) is continuing its studies on the 
five lead- and tin-base die-casting alloys. 
The creep studies on these alloys have 
been started, but no data will be avail- 
able for at least another year. 

Subcommittee IV on Physical Tests of 
Die Castings (R. L. Templin, chairman) 
has under consideration the selection or 
development of a test method which will 
expand the field and utility of die cast- 
ings. The first approach to this prob- 
lem by the subcommittee will be to 
canvass the members of Committee 
B-6 to determine if some producer oF 
consumer of die castings is using or has 
any definite ideas on the development 
of such a test. 

Subcommittee IV has brought to the 
attention of the Section on Impact Test: 
ing, of Committee E-1 on Methods 
Testing, the matter of including in the 
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Tentative Methods of Impact Testing 
of Metallic Materials (E 23 —- 34 T) the 
jetails of the unnotched specimen or- 
dinarily used in testing die castings.’ 

This subcommittee plans to propose to 
Committee B-6 that it sponsor a paper 
to be prepared by the New Jersey Zinc 
(o, on the fatigue strength of zinc alloy 
die castings. It is hoped that the 
aperimental work will be completed in 
time to present the paper at the 1942 
annual meeting of the Society. 

Subcommittee V on Exposure and 
Corrosion Tests (W. M. Peirce, chairman) 
is continuing its studies of the atmos- 
pheric corrosion tests of die-casting 
alloys. 

The 12 aluminum-base alloys, Nos. I 
to XII, still on exposure are scheduled 
to remain there for a total of 15 yr., 
unless, when the time arrives, it seems 
alvisable to extend the exposure period. 
The 15-yr. period will have elapsed by 
September, 1944. The same applies to 
the one zinc-base alloy, No. XXI, re- 
maining on exposure from the original 
tests started in 1929. 

The next tests on the three special 
iluminum-base alloys, Nos. IVa, Va, 
aid V, are not scheduled until Decem- 
ver, 1944, at which time the specimens 
wil have been exposed for 10 yr. 

The first lot of specimens to be tested 
om the three new zinc-base alloys, 
Nos. XXTa, XXIII, and XXV, and the 
four magnesium-base alloys, Nos. 307, 
12, 313, and 314, are scheduled for 
August, 1944, at which time the speci- 
mens will have been exposed for 5 yr. 
Subcommittee VI on Finishing Proper- 
ies of Die Castings (J. C. Fox, chairman) 
S sponsoring a series of papers dealing 
vith the methods of finishing the various 
die-cast materials since this subject is one 
of much importance. Most of the alloys 
wed in the die casting process require 


Ko revision of these methods in which this information 
sated was issued in August, 1941, see Editorial 
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metallic or organic coatings to protect 
the underlying base metal against tarnish 
and oxidation by the atmosphere and 
against corrosion by other media. The 
value of decorative finishes for eye ap- 
peal and for sales cannot be overstressed. 

As a result of a consistent and wide- 
spread demand for the latest information 
on the finishing of die castings, Sub- 
committee VI offers this series of papers 
dealing with the methods of finishing 
zinc-, aluminum- and magnesium-base 
alloy die castings. Since the paper* on 
this subject, sponsored by the committee 
in 1936, there has been considerable 
change in methods of finishing, and 
several new types of finish have been 
developed. The present series of three 
papers describe up-to-date methods 
covering electroplating, chemical treat- 
ments, anodic oxidation, and organic 
finishes. A further paper covering the 
finishing of tin- and lead-base die cast- 
ings is in preparation. 

The subcommittee earnestly trusts 
that the information presented in the 
following three papers which appear as 
appendices‘ to this report will serve as a 
sound basis for further study of this 
important subject: 

“Finishes for Aluminum Die Castings,” by 
A. E. Keskulla and Junius D. Edwards. 

“Finishing Magnesium Die Castings,” by 
H. W. Schmidt, and 

“The Finishing of Zinc-Base Alloy Die Cast- 
ings,” by E. A. Anderson. 


Subcommittee VIT on Magnesium-Base 
Die-Casting Alloys (G. A. Gann, chair- 
man) has under consideration pro- 
posed revision of the Tentative Specifica- 
tions for Magnesium-Base Alloy Die 
Castings (B94—40T) to incorporate 
requirements for a new alloy to be known 


as No. 13X. This alloy is the same as 
alloy No. 13 except that the iron and 
nickel contents are each held under 

3 J. C. Fox, “Finishing of Die Castings,” Proceedings, 


Am. Soc. Testing Mats., Vol. 36, Part I, p. 193 (1936). 
* See pp. 931, 941, 949. 
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maximum values of 0.005 per cent and 
the maximum allowable silicon content 
is reduced from 0.5 to 0.3 per cent. 
According to the sponsor of the alloy, 
this restriction in allowable impurities 
~ will not in any way affect the mechanical 
properties but greatly increases its 
resistance to salt-water corrosion. 


This report has been submitted to 


letter ballot of the committee which cop. 
sists of 65 voting members; 55 members 
returned their ballots, of whom 50 have 
voted affirmatively, and 0 negatively, 


Respectfully submitted on behalf 
the committee, 
J. R. Townsenp, 
Chairman, 
G. L. WERLEY, 
Secretary. 
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REPORT OF COMMITTEE B-7 


ON 


LIGHT METALS AND ALLOYS, CAST AND WROUGHT : 


Committee B-7 on Light Metals and 
Alloys, Cast and Wrought, has held two 
meetings during the past year: at At- 
lantic City, N.-J., on June 27, 1940, and 
at Washington, D. C., on March 4, 
1941. The various subcommittees have 
held one meeting during this period. 

Since the last annual meeting the 
committee has lost two members through 
death. This loss has been deeply re- 
| gretted by the membership. The con- 
slidation of the U. S. Navy Bureau of 
Construction and Repair and the Bureau 
| of Engineering has also accounted for 
the loss of a member. Three new mem- 
bers have been appointed, and one 
member reappointed following a change 
inemployment. The membership of the 
committee therefore still totals 47, of 
whom 22 are classified as producers, 17 
as consumers, and 8 as general interest 
members. 

Several new subcommittee appoint- 
ments have likewise been made, in- 
duding the appointment of representa- 
tives of Committee B-7 on several other 
standing committees. Mr. A. Sugar of 
the Monarch Aluminum Manufacturing 
Co. has been elected chairman of Sub- 
committee I to replace D. L. Colwell 
who resigned during the year. 

In general, the activities of Committee 
B-7 and its subcommittees during the 
year have been directed toward assisting 
in the various production problems which 

ve arisen because of the increased 
demand for light metals and their alloys. 
This activity is reflected in the various 
changes which have been proposed in 


specifications under their jurisdiction. 
Alloy composition changes, revisions in 
tolerances, and the addition of a new 
sand casting alloy developing good 
strength without the necessity of heat 
treatment are among these changes. 
Although some of these specifications 
should normally be considered for adop- 
tion as standard at this time, the un- 
certainty resulting from production 
demands has made it desirable to with- 
hold this action for the future. 


I. REVISIONS OF TENTATIVE STANDARDS 


The committee recommends that the 
following tentative specifications be re- 
vised as indicated in Appendix I and 
continued as tentative. These revisions 
are desired in order to bring these 
specifications in line with present com- 
mercial practices and to meet a con- 
sumer demand for products which have 
not previously been covered: 


Tentative Specifications for: 


Aluminum Ingots for Remelting (B 24 — 39 T) 

Aluminum Sheet and Plate (B 25 - 40 T) 

Aluminum-Base Alloy Sand Castings (B 26 
37 T) 

Aluminum for Use in Iron and Steel Manu- 
facture (B 37 — 39 T) 

Aluminum-Base Alloys in Ingot Form for 
Sand Castings (B 58 — 37 T) 

Aluminum Alloy (Duralumin) Sheet and - 
Plate (Aluminum-Copper-Magnesium- 
Manganese) (B 78 - 40 T) 

Aluminum-Manganese Alloy Sheet and Plate 
(B 79 — 40 T) 

Magnesium-Base Alloy Sand Castings (B 80 - 
40 T) 

Aluminum Alloy (Duralumin) Bars, Rods, 
Wire, and Shapes (Alaminum-Copper- 
Magnesium-Manganese) (B 89 — 40 T) 
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Magnesium-Base Alloy Sheet (B 90 

Magnesium-Base Alloy Forgings 
40 T) 

Magnesium-Base Alloys in Ingot Form for 
Sand Castings and Die Castings (B 93 - 
40 T) 

Magnesium-Base Alloy 
Shapes (B 107 — 40 T) 

Aluminum-Base Alloy Permanent Mold Cast- 
ings (B 108 - 38 T) 

Aluminum-Magnesium-Chromium 
Sheet and Plate (B 109 — 40 T) 

Aluminum-Base Alloys in Ingot Form for 
Permanent Mold Castings (B 112 — 38 T) 


40 T) 
(B91 


Bars, Rods, and 


Alloy 


II. REVISION OF STANDARD 


The committee recommends for im- 
mediate adoption, a revision in the 
Standard Specifications for Magnesium 
Ingot and Stick for Remelting (B 92 
39) in order to bring the composition 
requirements into line with commercial 
practices, as indicated in Appendix I, 
and accordingly asks for a favorable nine- 
tenths vote at the annual meeting in 
order that this modification may be 
referred to letter ballot of the Society. 


Ill. TENTATIVE STANDARDS CONTINUED 
AS TENTATIVE 


In accordance with the regulations 
governing tentative standards, the com- 
mittee has also reviewed the Tentative 
Specifications for Aluminum-Base Alloys 
in Ingot Form for Die Castings (B 125 - 
39 T) and the Tentative Method of Test 
for Dielectric Strength of Anodized 
Aluminum (B 110-39T) which have 
stood two years without revision. It is 
recommended that these two tentative 
standards be continued as tentative 
without revision, the first to await the 
adoption as standard by Committee B-6 
on Die-Cast Metals and Alloys of the 
Tentative Specifications for Aluminum- 
Base Alloy Die Castings (B 85 - 39 T), 
and the second to await further com- 
ments from consumers. 

The recommendations appearing in 
this report have been submitted to letter 


TABLE I. 
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ballot of the committee which consists 
of 47 members; 31 members having 
returned their ballots with the results 
shown in Table I. 


ANALYSIS OF LETTER BALLOT Vorg, 


Nega- 


Item tive 


I. REvIsions OF TENTATIVE 
STANDARDS 
Spec. for Aluminum loos for 
Remelting (B 24 - 39 T). } 
Spec. for Aluminum Sheet and 


Plate (B 25 - 40 T) | 
Spec. for Aluminum-Base Al- 
loy Sand Castings (B 26- 


(B 37 39 

Spec. for Aluminum-Base Al- | 
loys in Ingot Form for Sand 
Castings (B 58 - 37 T)... 

Spec. for Aluminum ‘Alloy (Du- 
ralumin) Sheet and Plate 
(Aluminum-Copper-Magne- 
sium-Manganese) (B 78 
40 T) | 

Spec. for Aluminum-Manga- | 
nese Alloy Sheet and Plate 
(B 79-40T).. 

Spec. for Magnesium- Base Al- 
loy Sand Castings (B 80- 


40 

Spec. for Aluminum ‘Alloy (Du- 
ralumin) Bars, Rods, Wire, | 
and Shapes (Aluminum- 
Copper-Magnesium-Manga- | 
nese) (B 89 40 T) 

Spec. for Magnesium-Base Al- 
loy Sheet (B 90 - 40 T). 

Spec. for Magnesium-Base Al- 
loy Forgings (B 91-40T).. 

Spec. for Magnesium-Base Al- 
loys in Ingot Form for Sand | 
Castings and Die Castings 
(B 93 - 40 T) ‘ 

Spec. for Magnesium-Base Al- 
loy Bars, Rods, and Shapes 
(B 107 - 40 T) 

Spec. for Aluminum-Base Al- 
loy Permanent Mold Cast- 
ings (B 108 - 38 T) 

Spec. for Aluminum-Magne- 
sium-Chromium Alloy Sheet 
and Plate (B 109 - 40 T) 

Spec. for Aluminum-Base Al- 
loys in Ingot Form for Per- 
manent Mold _ Castings 
(B 112 38 T).. 


II. REvIs1on OF STANDARD 


Spec.for Magnesium Ingot and 
Stick for Remelting (B 92 - 
39), immediate adoption..... 26 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Aluminum a 
Aluminum Alloy Ingots (A. Sugar, chait 
man). This subcommittee, after review 
of the various specifications under its 
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jurisdiction, has recommended revisions 
of the Tentative Specifications for Alumi- 
num Ingots for Remelting (B 24 - 39 T), 
Aluminum for Use in Iron and Steel 
Manufacture (B 37 —- 39 T), and Alumi- 
num-Base Alloys in Ingot Form for 
Sand Castings and Permanent Mold 
Castings (B 58 — 37 T and B 112 — 38 T). 
The details of these revisions are given 
in Appendix I. Of principal interest 
has been the addition of a 99.2 per cent 
gade aluminum for remelting purposes 
and a modification of the zinc content in 
the 94.0 per cent grade for use in iron 
and steel. 

Subcommittee II on Aluminum Alloy 
Castings (C. H. Greenall, chairman).— 
Revisions in the Tentative Specifications 
for Aluminum-Base Alloy Sand Castings 
B26-37 T) and for Permanent Mold 
Castings (B 108 — 38 T) have been pre- 
pared by this subcommittee. Principal 
among these recommended revisions is 
the addition of a new sand casting alloy 
with good mechanical properties in the 
as-cast condition. A table of general 
information and typical yield strengths 
for the sand casting alloys has also been 
prepared for addition to these specifica- 
tions. The details of these proposed 
revisions are given in Appendix I. 
There is included in Appendix II to this 
report information and data, prepared 

y Mr. D. Basch, covering the new 
aluminum-zinc-magnesium sand-casting 
alloy “O” being recommended for inclu- 
sion in Specifications B 26 — 37 T. 

The study of the effect of minor ele- 
ments on the characteristics of aluminum 
alloy castings is still under consideration 
bya subgroup. Progress has been slow, 
however, due to the press of other 
business. It is hoped that something 
definite can be reported at the next 
annual meeting. 

Subcommittee III on Wrought Alumi- 
mm and Wrought Aluminum Alloys 
(P.V. Faragher, chairman).—In order to 


bring the requirements of the various 
specifications for aluminum wrought 
shapes in line with present commercial 
practices, revisions in certain tolerances 
have been found necessary. Tolerance 
revisions in connection with the Tenta- 
tive Specifications for Aluminum Sheet 
and Plate (B 25-40 T), Aluminum Al- 
loy (Duralumin) Sheet and Plate (B 78 — 
40T), Aluminum-Manganese Alloy 
Sheet and Plate (B 79-40T), Alumi- 
num Alloy (Duralumin) Bars, Rods, 
Wire, and Shapes (B 89-40T), and 
Aluminum-Magnesium-Chromium Alloy 
Sheet and Plate (B109-—40T) have 
been recommended. The details of these 
recommended tolerance changes and a 
minor change in composition are given 
in Appendix I. 

This subcommittee has also set up a 
subgroup to study the desirability of 
consolidating the wrought alloy specifica- 
tions under their jurisdiction. 

Subcommittee IV on Magnesium and 
Magnesium Alloys, Cast and Wrought 
(J. A. Gann, chairman).—This subcom- 
mittee has recommended changes in six 
specifications under its jurisdiction. In 
the case of the present Standard Specifi- 
cations for Magnesium Ingot and Stick 
for Remelting (B 92-39), a minor 
change in composition is proposed for 
immediate adoption. In the case of the 
Tentative Specifications for Magnesium- 
Base Alloy Sand Castings (B 80 — 40 T), 
Sheet (B90-—40T), Forgings (B91 
40 T), Ingots for Sand Castings and Die 
Castings (B 93 — 40 T), and Bars, Rods, 
and Shapes (B 107-40), additional 


high-purity grades of certain of the. 


alloys have been proposed. The de- 
tailed changes are given in Appendix I. 

Although these high-purity alloys offer 
no better mechanical properties than the 
present commercial purity alloys, they 
do provide an improved resistance to 
salt water corrosion, which is in demand 
for certain applications. The limited 
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sources of supply for the high-purity 
alloys and the premium prices have been 
pointed out. Data showing the loss in 
weight after alternate immersion in a 3 
per cent sodium chloride solution of all 
the magnesium alloys now covered by 
A.S.T.M. specifications and of the pro- 
posed new high-purity alloys are given 


TABLE II. 


Condition 


data are in good agreement. The dat; 
in Table II indicate that these high. 
purity alloys should be recommende; 
when consistent maximum resistance ty 
salt water is required. 

Subcommittee V on Testing Light Alloys 
(R. L. Templin, chairman).—This syb- 
committee has given consideration ty 


DATA ON CORROSION OF MAGNESIUM ALLOYS IN ALTERNATE IMMERSION TESTs IN 
SODIUM CHLORIDE SOLUTION (3 PER CENT). 


Loss in Weight after Alternate Immersion ip 
3 per cent NaCl, mg. per sq. cm. per day 


High-Purity 


Normal Grade’ Grade 


| Heat treated and aged 
Heat treated and aged 


Heat treated........ 
Heat treated and aged 


Forcep AND Extrupep A.ttoys (A.S.T.M. Desicnations: B 91 - 40 T anv B 107 - 40 T) 


(26.0)° 
(26.0) 


UNOS 
ecoooooo 
Nw 


ecw 


Die-Cast Atxoys (A.S.T.M. Desicnation: B 94 - 40 T)® 


0.5 to 10 ) 
0.3 to 10 (2.0) 0.1 to 0.5 


b 


| As forged and extruded 
| As forged and extruded 
As forged and extruded 
As forged and extruded 


| As rolled 
As rolled 


0100 (15.0) 
(5.0) 


(3.0) 


1.0 t 
0.7 ¢t 
0.2 to 
0.7 to 10 


0.1 to 1.0 


1940 Supp 


* The normal grade alloys now used in industry are designated by the A.S.T.M. as alloys Nos. 2, 3,4, 8, etc. The 
sponding ak ad grade alloys are designated as alloys Nos. 4X, 
ement to Book of A.S.T.M. Standards, Part I, pp. 343, 446, 351, 347, and 355. 


8X, etc. 


© The parenthetical values in this column represent the typical corrosion rate or the maximum in the frequency 


tribution curve. 


in Table II. The data indicate the 
fluctuations that may be expected in this 
type of test. The parenthetical values 
given for the present normal grade of 
alloy represent the typical corrosion rate, 
or the maximum in the frequency distri- 
bution curve. Corresponding values for 
the high-purity grade alloys are not 
included inasmuch as the individual test 


the determination of the yield strength 
of the light alloys by means of the 
divider method. Such data as has bees 
presented on this subject has indicate! 
that the method is not sufficiently a 
curate for control purposes in connectio 
with tension testing. A memorandum 
on this method by H. W. Schmidt, & 
titled, “The Divider Method in Te 
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sjon Testing of Magnesium-Base Alloys” 
appears in Appendix III. 

This subcommittee is also studying the 
revised Tentative Methods of Tension 
Testing of Metallic Materials (E 8 - 
)T), particularly as they apply to the 
testing of light alloys. In this con- 
nection certain discrepancies in the il- 
\ystrations of the 3 in. diameter test 
yecimens appearing in the various B-7 
yecifications are being reviewed for the 
purpose of establishing uniformity in the 
dimensional requirements for these speci- 
mens. 

Subcommittee VI on Anodic Oxidation 
of Aluminum and Aluminum Alloys 
J. D. Edwards, chairman).—A review 
by this subcommittee of the various 
methods under its jurisdiction has in- 
dicated that no revisions are necessary 
atthistime. The Tentative Methods of 
Test for Dielectric Strength of Anodized 
Aluminum (B 110 - 39 T), Test for Seal- 


ing of Anodically Coated Aluminum 
B136-40T), and Test for Weight 


f Coating on Anodically Coated Alumi- 
tum (B 137 - 40 T) are being continued 
a8 tentative. 
Progress has been reported in con- 
ection with the program designed to 
mpare the performance of anodic 
tings in the salt spray test (B 117 - 
T) with their behavior under atmos- 
eric exposure. The subgroup 
lowing this investigation has prepared 
irteen groups of nine samples each, 
mprising coatings made on two dif- 
‘ent aluminum alloys and with varia- 
is in the electrolyte used for coating, 
ations in the thickness of coating, 
in the method of sealing. Six 
ganizations have agreed to cooperate 
the testing of these samples and tests 
ld be started shortly. 
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Subcommittee VIT on General Informa- 
tion and Publicity (E. H. Dix, Jr., chair- 
man).—As a result of a survey made by 
this subcommittee and reported to 
Committee B-7 at its meeting in June, 
1940, it was recommended that the 
Report on Service Characteristics of the 
Light Metals and Their Alloys, published 
in 1934,! be declared obsolete and that 
no revision be undertaken. Since the 
preparation of this report constituted 
the principal function of this subcom- 
mittee, it has since been discharged. 

Special Sutcommittee on Classification 
and Designation of Aluminum Alloys 
(I. V. Williams, chairman).—This sub- 
committee, organized last year to de- 
velop an alloy nomenclature system, 
reports progress and as a result of 
considerable constructive discussion at 
the last meeting, will probably present 
its recommendations shortly. The com- 
mittee plans to expand its tentative 
aluminum system to the magnesium- 
base alloys and also to have it considered 
by Committee B-6 on Die-Cast Metals 
and Alloys in connection with the 
aluminum and magnesium die-casting 
alloys. 


This report has been submitted to 
letter ballot of the committee which 
consists of 47 members; 31 members 
returned their ballots, of whom 29 have 
volted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
Sam Tour, 
Chairman. 
H. J. Rowe, 


Secretary. 


1 Proceedings, Am. Soc. Testing Mats., Vol, 34, Part 1, 
p. 277 (1934); also issued as separate publication. 
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APPENDIX I 


PROPOSED REVISIONS IN STANDARDS FOR LIGHT METALS Anp 
ALLOYS, CAST AND WROUGHT 


In this Appendix are given proposed 
revisions in certain specifications cover- 
ing light metals and alloys, cast and 
wrought, which are referred to earlier 
in this report. In connection with each 
title is given the reference to the publica- 
tion in which the specifications appear 
in their present form. 


Tentative Specifications for Aluminum 
Ingots for Remelting (B 24-39 T):! 


Section 1.—Change the second sen- 
tence to read as follows by the addition 
of the italicized word and figures and 
the omission of the word in brackets: 


[Three] Four grades are specified and are 
designated grades 99.5, 99.2, 99.0, and 98.0. 


Table I.—In the table of chemical re- 
quirements, change the iron content 
for grade 99.5 from “0.5 max. per cent” 
to read “0.4 max. per cent,’ and add 
the following requirements for a new 
grade, designated 99.2: 


Grade 99.2 

Aluminum, min., per cent by difference. 99.2 
Other elements, max., per cent: 
Copper.... 0.1 
0.4 


0.4 
Magnesium .. 0.03 
Manganese 0.03 


0.03 
0.03 
0.03 
0.12. 


@ None of the elements under the heading of total other 
impurities shall exceed 0.03 per cent maximum. 
When this material is specified for use in making zinc- 
base die-casting alloys, the lead, cadmium, or tin shall not 
exceed a maximum of 0.01 per cent for each. 


Total other impurities, max., per cent. . 


11939 Book of A.S.T.M. Standards, Part I. 


Tentative Specifications for Aluminum 
Sheet and Plate (B 25-40T):? 


Table IT.—In the section of this table 
covering permissible variations in thick- 
ness of flat sheet, delete the first colum: 
of tolerances headed ‘18 in. and Under 
in Width” and change the heading of the 
second column to read “‘36 in. and Under 
in Width.” 


Tentative Specifications for Aluminun- 
Base Alloy Sand Castings (B26 
37 T)s* 


Section 1.—Change the second 
tence to read as follows by the addition 
of the italicized word and letter and tl 
omission of the word in brackets: 

|Twelve] Thirteen alloys are specified and ar 
designated alloys C, CC, F, G, GG, H, J, J) 
K, L, M, N, and O (see Explanatory Notes 

Table I—Change the magnesium re 
quirement for alloy GG from “0.3 max. 
per cent” to read “0.10 max. per cent.’ 

Add to this table the followig 
chemical requirements for a new allo) 
designated alloy O: 


Aluminum, per cent 
Copper, per cent 
Iron, per cent 
Silicon, per cent 
Magnesium, per cent 
Manganese, per cent 


Titanium, per cent.............--: 
Chromium, per cent 
Total other impurities, per cent. ... 


Note.—Where single limits are shown, these ue 
the maximum amounts permitted. 


21940 Supplement to Book of A.S.T.M. Standars 
Part I. 
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REVISIONS IN STANDARDS FOR LIGHT METALS AND ALLOYS 


Table II —Change the tensile require- 
ments for alloy F from their present 
form to read as follows by the addition 
of the italicized words and figures and 
the omission of those in brackets, and 
iso add the following requirements for 
anew alloy, designated alloy O: 


Elonga- 
tion in 2 
in., min., 
per cent 
(to the 
nearest 1 
per cent) 
{not 


Tensile 
Strength, 
min., psi. 

(to the 

nearest 
1000 psi.) 


Alloy Condition 


[19 000] 
23 000 
30 000 6 


30 000 3 


Heat-treatment No. 1....... 
|| Heat-treatment No. 2..... 


From Table II delete the requirements 
for alloy N, Heat-Treatment No. 1. 
Explanatory Notes.—Under Alloy F, 
change the specific gravity from “about 
1)” to read “approximately 2.85.” 
Under Alloy G, change the specific 
gavity from “about 2.78” to read 
approximately 2.77.” 

Under Alloy GG, add the following 
vntence at the beginning of this para- 
gaph: “The specific gravity of alloy 
G is approximately 2.77.” 

Under Alloy H, change the specific 
gavity from “about 2.80” to read 
approximately 2.73.” 

Under Alloy J, change the specific 
gavity from “about 2.69” to read 
approximately 2.66.” 

Under Alloy JJ, add the following 
fatence at the beginning of this para- 

: “The specific gravity of alloy JJ 

pproximately 2.66.” 

Under Alloy K, change the specific 
wavity from “about 2.68” to read 
‘pproximately 2.65.” 

Under Alloy N, change the fourth 
‘atence from its present form to read 

lows: ““Heat-treatment No. 2, con- 
ing of a solution and precipitation 
‘atment, provides the optimum com- 


nation of strength and ductility for 
alloy.” 
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Add a new paragraph to read as 
follows at the end of the present notes: 


Alloy O.—This alloy has an approximate 
specific gravity of 2.80. It is a general-purpose 
alloy having high physical properties which are 
obtained by either room temperature aging of 
several weeks duration or by artificial aging. 
Solution heat-treatment is not required. Within 
the first two weeks after casting, the alloy has 
high ductility, permitting severe cold def- 
ormation. 


Make the present explanatory notes 
“Note 1,” and add the following as 
Note 2: 


Note 2.—The yield strength of aluminum- 
base alloys is defined as the stress at which the 
stress-strain curve deviates 0.2 per cent from the 
modulus line. It may be determined by the 
“Offset Method” or the “Extension Under Load 
Method” (the latter is often referred to as the 
“Approximate Method Without the Stress- 
Strain Diagram’’) as described in the Tentative 
Methods of Tension Testing of Metallic Mate- 
rials (A.S.T.M. Designation: E8) of the 
American Society for Testing Materials. The 
following data give typical yield strength values 
for the sand-cast aluminum alloys: 


Typical 
Yield 
Strength 
(0.2 per cent 
offset), psi. 


Alloy Condition 


C and CC 14 000 


Heat-treatment No. 
\| Heat-treatment No. 


20 000 
30 000 


Heat-treatment No. 1...... 
Heat-treatment No. 
Heat-treatment No. 


16.000 
22 000 
31 000 


Heat-treated 
.| Heat-treated 


31 000 
32 000 


As cast 
As cast 
As cast 


8 000 
11 000 
12 000 


Heat-treatment No. 


16 000 
Heat-treatment No. 2...... 


22 000 


25 000 
23 000 


Heat-treatment No. 2...... 
Heat-treatment No. 3...... 


Aged four weeks at room 
temperature or artificially 
aged.... 


25 000 


Appendix.—Add the accompanying 
Table I covering supplementary data as 
an Appendix to the specifications. 


| 
| | 
ninum 
column 
A 
Under 
of the 
Under 
| 
| 
alloy, 
Alloy 0 
0.2 | 
1.0 4 | 
| 
ese indica! d 
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Tentative Specifications for Aluminum Grade % 


for Use in Iron and Steel Manufacture Aluminum, min., per cent by difference 99 
(B 37 39T):! Other elements, max., per cent: 
Copper.... 

Tron. . 

Section I~ Change the second sen- Silicon 
tence to read as follows by the addition Magnesium ' 
of the italicized word and figures and he 
the omission of the word in brackets: Nickel... 0.5 ial te 

Chromium 

[Four] Five grades are specified and are desig- Tin pius lead read 
nated grades 90.0, 94.0, 96.0, 98.0, and 99.0. Other impurities, max., per cent... ; = 

00 


TABLE I. -SUPPLEMENTARY DATA. read 
Note.--The data in this table are approximate and are supplied for general information only. 


TABLE OF SUPPLEMENTARY DATA. 


| Approxi- | 
| Approxi- 
mate Corrosion | Casting | m= Principal Use 
Specie Resistance Properties al 49 to ( 
ravity $ to ( 
—|— to ( 
2.85 | Fair Very good No ‘Automotive crankcases, oil pans, trans- 4 to ( 
} mission cases, miscellaneous general- 51 to ( 
purpose castings 40 to 
Fair Very good : General castings, patterns | 32 to 6 
Fair Gooc Air-cooled cylinder heads, pistons, and 35 to 0 
castings requiring good. strength and 8 to ( 
hardness at elevated temperatures 14 to 0 
Good Good General, where high strength and duc- | V 
tility are required 
Good Good General, where high yield strength and | Vi 
hardness are required 
Good Fair Air-cooled cylinder heads, pistons, and 
castings requiring strength and hard- 
} ness at elevated temperatures 
Good Excellent N General castings requiring pressure 
tightness 
Very good | Excellent N Cooking utensils, marine fittings, food 
handling equipment, and ornamental 
parts requiring good resistance to 
| corrosion 
Very good | Excellent N General, where stren gth and ductility | 
‘} in excess of that provided by other 
as-cast alloys is required 
Excellent Fair N Cooking utensils, food handling equip- | V 
ment, marine fittings, and other cast- | MA to 0. 
ings requiring maximum resistance to M0 to 0. 
corrosion 25 to 0. 
Very good | Excellent Yes General, where high strength and cor- N16 to 0. 
rosion resistance are required — 
2.68 Good Excellent Yes | Aircraft engine crankcases, oil pans, "T= 
liquid cooled cylinder heads, and other 
j intricate high strength castings Tab, 
2.80 Good Good b | General, where high strength and duc- ¢ 
| tility are required ments 


Properties improved by modification process. Heat-T; 
See Explanatory Note 1. Tabl 

relerrin, 
Table I.Change the requirement for Tentative Specifications for Aluminum @ 
zinc content of the 94.0 grade from “0.5 Base Alloys in Ingot Form for Sa’ @ ,;, pr 
max. per cent” to read “1.0 max. per Castings (B58- 37 T):! in the a 
cent.” Table I.—Change the requirement ii 
Add to this table the following chemi- magnesium content of alloy GG iro tntati 
cal requirments for a new grade desig- “0.3 max. per cent” to read “0.10 m oo 
nated grade 90.0; per cent.” 7 
Table 

“overing 


t 
4 
Tent: 
{ 
G 
GG.... 
H 
: | J 
JJ 
} 
{ 


Tentative Specifications for Aluminum 
Alloy (Duralumin) Sheet and Plate 
(Aluminum - Copper - Magnesium - 
Manganese) (B 78-40 T):? 


Section 3.—In the tabulation of chem- 
ial requirements, change the magnesium 
content from “0.2 to 0.75 per cent” to 
| read “0.2 to 0.8 per cent” and the silicon 
content from “0.75 max. per cent” to 
read “0.8 max. per cent.” 


7” REVISIONS IN STANDARDS FOR LiGHT METALS AND ALLOYS 
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ness of flat sheet, delete the first column 
of tolerances headed ‘18 in. and Under 
in Width” and change the heading of 
the second column to read ‘36 in. and 
Under in Width.” 


Tentative Specifications for Mag- 
nesium-Base Alloy Sand Castings 
(B 40 T) :? 

Section 1.—In the second sentence 
change the phrase “Six alloys” to read 

“Six types of alloys.” 


TABLE II. = ‘PERMISSIBLE VARIATIONS IN TI THIC ‘KN ESS, PLUS OR MIN US, IN. 


Over 96 | 
to 102 in. in 


; 36 in. and Over 36 Over 42 Over 48 Over 54 Over 60 
Sheet Thickness, in. _ under to 42 in. in | to 48 in. in | to 54 in. in | to 60 in. in | to 66 in. in 
in Width Width Width Width Width Width 
149 to 0.126 0.04T* 0.05T@ 0.05T* 0.05T* 0.06T# 0.08T* 
125 to 0.092 0.0045 0.005 0.005 0.005 0.007 0.010 
1 to 0.065 0.003 0.004 0.004 0.005 0.006 0.008 
4 to 0.052 0.003 0.004 0.004 0.005 0.006 0.006 
31 to 0.041 0.003 0.004 0.004 0.005 0.006 0.006 
40 to 0.033 0.0025 0.003 0.003 0.004 0.005 
32 to 0.026 0.002 0.0025 0.0025 
35 to 0.019 0.002 0.0025 
to 0.015 0.002 
14 to 0.010 0.0015 
Over 66 Over 72 Over 78 Over 84 Over 90 
to 72 in. in | to 78 in. in | to 84 in. in | to 90 in. in | to 96 in. in 
Width Width Width Width Width 
0.10T* 0.10T* 0.11T* 0.11T* 0.12T* 
Fair 0.012 0.013 0.014 0.016 0.018 0.020 
Fair 0.007 0.008 0.009 


Strip Thickness, in. 


STRIP 


18 in. and under in Width 


Over 18 to 24 in. in. Width 


Good to 0.012... 0.0015 0.0015 
Good T = the nominal thickness. , 7 
eels! lable I.—Delete the physical require- Table I.—Change the requirement 
a ts for the temper “Rolled After for silicon content of alloy Nos. 2, 3, 4, 
Heat Treatment.” 14, and 17 from “0.5 max. per cent” 
Table IT.—In the section of this table to read “0.3 max. per cent.” 

— “erring to sheet, change the per- Add to this table the following | 
amin sible variations in thickness from chemical requirements for two high- 
for Sand q 

'present form to read as prescribed purity alloys, designated Nos. 4X 
the accompanying Table IT. and 17X: 
ment Alloy No. 4X Alloy No. 17X 
fro Specifications for Aluminum- Aluminum, ‘per cent. 
Manganese, min., per cent 0.15 0.10 
).10 mat anganese Alloy Sheet and Pilate Zinc, per cent 2.5to3.5 1.6 to2.4 
(B 79 40 T): 22 Silicon, max., per cent. 0.3 0.3 
Copper, max., per cent 0.05 0.05_ 
Table Il.—In the section of this table Nickel, max., per cent 0.005 0.005 


weting permissible variations in thick- 


Iron, max., per cent 
Other impurities, max., 


0.005 


0.3 


0.005 


Width 
0.14T* 


+ 
0.1 
1 
().5 
0.2 | 
{ | 
— 
Fai 
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Table IT.—Change the present tensile 
requirements for alloy Nos. 4 and 17 
to read as prescribed in the accom- 
panying Table III by the addition of 
the italicized figures and the omission 
of those in brackets. 

Explanatory Note 1.—Under alloy 
No. 17, add a second paragraph to read 
as follows: 

Alloy No. 17 in the heat-treated condition 
ages more rapidly than alloy No. 4 in the heat- 
treated condition. Under service conditions 
where the castings attain a temperature of 
200 F. or higher, the castings of alloy No. 17, 
heat-treated, will gradually change to the heat- 
treated and aged condition. 


TABLE II.—TENSILE REQUIREMENTS. 


Condition 


As cast 
Heat-treated .. 
Heat-treated and aged 


| As cast 
| Heat-treated 
Heat-treated and aged 


At the end of Note 1 add a new 
paragraph to read as follows: 


Alloy Nos. 4X and 17X.—These alloys are 
the same as alloy Nos. 4 and 17, respectively, 
except that the iron and nickel contents are 
held to low values in order to obtain maximum 
resistance to salt-water (NaCl) corrosion as re- 
quired for military aircraft and seaboard ex- 
posures. Resistance to normal atmospheric 
corrosion is not materially increased. Me- 
chanical properties are the same as for the 
normal grades of alloys. These high-purity 
alloys are available from limited sources of 
supply and at a premium over the normal 
grades of alloys. 


Table IIT.—In the first column insert 
“and 4X” after alloy No. 4, and add 
“and 17 X” after alloy No. 17. 


Tentative Specifications for Aluminum 
Alloy (Duralumin) Bars, Rods, Wire, 
and Shapes (Aluminum-Copper-Mag- 

nesium-Manganese) (B 40 T):? 


Section 3.—In the tabulation of chem- 


ical requirements, change the magnesium 
content from “0.2 to 0.75 per cent” ty 
read “0.2 to 0.8 per cent” and the silicon 
content from “0.75 max. per cent” ty 
read “0.8 max. per cent.” 

Table III.—Delete the permissible 
variation “plus or minus 0.018 in.” for 
sizes 3.001 in. and over of extruded 
rounds, squares, rectangles, hexagons, 
octagons, bars, and rods, replacing it 
with a reference to the following foot- 
note to be added to the table: 


As agreed upon by the manufacturer and th 
purchaser. 


Yield Strength 
(0.2 percent 
| offset), min., psi. 


_ Elongation 
in 2 in., min, 
per cent 


Tensile Strength, 
min., psi. 


not required 
not required 
16 000 


24 000 
(30 000] 32 000 
[32 000] 34 000 | 

20000 | 
[30 000] 32 000 
[32 000] 34 000 


not required 
not required 
18 000 


Tentative Specifications for Magnesiun- 
Base Alloy Sheet (B 90-40T)? 


Section 1.—Change the second 
tence to read as follows by the addition 
of the italicized words and figures and 
the omission of those in brackets: 

[Three] Four types of alloys are specif 
are designated alloy Nos. [6, 7, and 11] 7, 8! 
and 18 (see Explanatory Note 1). 

Table I.—Delete from this table t 
requirements for alloy No. 6 (incorrect! 
designated No. 9 in present printing 

Change the requirement for siliox 
content of alloy No. 7 from “0.5 mat 
per cent” to read “0.3 max. per cent.” 

Add to this table the chemical 1 
quirements, prescribed in the accom 
panying Table IV, for four new alloy 
designated Nos. 8, 8X, 18, and 18X: 

Table II1.—Change from its preset 
form to read as prescribed in the acco 
panying Table V. 


Explanatory Note 1.—Delete the first 


where m 
required. 
hould b 

Alloy 
(ne same 
cxcept t 
held to 
resistanc 
required 
tposure: 
corrosion 
ical prop 


fades of 


available 
4 premiu 

Expl. 
lable 
deforma 
fy rm to 


212 
and 
auoy 
ing ne 
Allo 
f app! 
good | 
Allo’ 
gravit} 
salt-wa! 
No. 7 
equal te 
nickel 
rrosio 
Allo; 
gravity 
haracte 
: ther a 
— 
| not requir 
Net — 
7 Nos. 8 and 
Nos. 18 and 


slum 


ssible 
” for 
ruded 


\Zons 


esium- 

d sen- 
ddition 
es and 


ified and 
7, 8, 


REVISIONS IN STANDARDS FOR LIGHT METALS AND ALLOYS 


and second paragraphs referring to 
alloy Nos. 6 and 7, and add the follow- 
ing new paragraphs: 


Alloy No. 7.—This alloy has a specific gravity 
f approximately 1.79. It is characterized by 
god physical properties. The copper and 
rickel contents should be kept low to minimize 
corrosion. 

Alloy No. 8.—This alloy has a specific 
gavity of approximately 1.80. Its resistance to 
wlt-ewater (NaCl) corrosion is superior to alloy 
No. 7 and its physical properties are about 
equal to those of alloy No. 7. The copper and 
rickel contents should be kept low to minimize 
corrosion. 

Alloy No. 18.—This alloy has a specific 
gavity of approximately 1.77. Its rolling 
characteristics are better than those of the 
ither alloys. It is the alloy generally used 
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Tentative Specifications for Magnesium- 
Base Alloy Forgings (B 91-40 T):? 


Table I.—Change the requirements 
for silicon content of alloys Nos. 8, 9, 15, 
and 16 from “0.5 max. per cent’’ to read 
“0.3 max. per cent.” 

Add to this table the following chem- 
ical requirements for a_ high-purity 
alloy, designated No. 18X: 


Alloy No. 18X 
Magnesium, per cent remainder 
Aluminum, per cent 
Manganese, min., per cent 
Zinc, per cent 
Silicon, max., per cent 
Copper, max., per cent. . 
Nickel, max., per cent. . 
Iron, max., per cent 
Other impurities, max., per cent... . 


| Manga- 
nese, 
min., 

per cent 


Magne- 
sium, 
per cent 


Aluminum, 
per cent 


remainder 
remainder 
remainder 
| remainder 


here moderate strength and good stability are 
required. The copper and nickel contents 
wuld be kept low to minimize corrosion. 

Nos. 8X and 18X.—These alloys are 

ame as alloy Nos. 8 and 18, respectively, 

that the iron and nickel contents are 

low values in order to obtain maximum 

ce to salt-water (NaCl) corrosion as 

d for military aircraft and seaboard 

res. Resistance to normal atmospheric 

m is not materially increased. Mechan- 

roperties are the same as for the normal 

of alloys. These high-purity alloys are 

ible from limited sources of supply and at 
remium over the normal grades of alloys. 


Explanatory Note 2.—Change the 
able covering yield strength and unit 
“lormation values from its present 
‘orm to read as follows: 

Unit Def- 
ormation, 
in. per in. 


of gage 
length 


Yield 
Strength 
(0.2 per cent 
offset), min., 
psi. 


Alloy 


28 000 
28 000 
24 000 
26 000 


TABLE IV.—CHEMICAL REQUIREMENTS. 


Zinc, 
per cent 


Silicon, 
max., 
per cent 


Copper, 
max., 
per cent 


Nickel, 
max., 
per cent 


Iron, 
max., 
per cent 


0.05 
0.05 
0.05 
0.05 


0.03 
0.005 
0.03 
0.005 


0.005 


0.005 


TABLE V.—TENSILE REQUIREMENTS. 


| Elongation in 2 | 


Condition 


In. min., per | 


cent 


Yield Strength? 


| 39000 | 28000) 3 
36000) ..... | 10 


Hard rolled (H). 
Annealed (A) 


Hard rolled (H). 


28 000 3 
Annealed (A) 8 


40 000 | 
37 000 | 
{| Hard rolled (H). 


32000 | 24000! 4 
Annealed (A) | 42 


28 000 | | 
38 000 | 26 000 4 
32 000 12 


Hard rolled (H). 
and 18X || Annealed (A) ... 


* See Explanatory Note 2. 


Table II.—In the first column insert 
“and 18X” after alloy No. 18. 

Explanatory Note 2.—Change the 
fourth paragraph from its present form 
to read as follows and transfer it to the 
end of Explanatory Note 2: 


Alloy Nos. 8X, 9X, 15X, and 18X.—These 
alloys are the same as alloy Nos. 8, 9, 15, and 18, 


L. 
licon 
to 
ng it 
foot 
| | Other 
max., 
per cent i 
6 5.8 to 7.2 0.15 0.4 to 1.5 0.3 0.3 
5.8 to 7.2 | 0.15 | 0.4to1.5| 0.3 | | 0.3 
2.4to3.0 | 0.20 0.7 to 1.3 0.3 0.3 : 
2.4t03.0| 0.20 | 0.7to1.3| 0.3 0.3 
Alloy na 
Nos. 8 
ble the = 
orrectly No. 1 
ting). 
siliow 
sent.” 
jical 
accom 
18X: : 
preset! 
e accom 
0.0057 
‘Wand | 0.0060 
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respectively, except that the iron and nickel 


Magnesium, per cent............ i read a 
contents are held to low values in order to obtain yo fm cot ity f Exp 
... 2.41039 


maximum resistance to salt-water (NaCl) cor- Manganese, min., per cent... . . 

rosion as required for military aircraft and Zinc, percent................ 

seaboard exposures. Resistance to normal Silicon, max., percent............. ys a 

atmospheric corrosion is not materially in- COPPer, max.,percent............ i, resp 
Nickel, max., per cent............. tents 

creased. Mechanical properties are the same Iron, max., per cent........... 

as for the normal grades of alloys. These (ther impurities, max., per cent 

high-purity alloys are available from limited 08 

and at a premium over the Table II.—In the first column inser 

normal grades of alloys. “and 18 X” after alloy No. 18. mospn 


TABLE VI.—CHEMICAL REQUIREMENTS. 


| | 
Magne- | Manga- ; | Silicon, | — Nickel, 


| eent” | min., nt | percent | percent | percent | percent | 
remainder 
Explanatory Note 3.—In the first Section 9.—Change the table covering 
column of the table insert “and 18X’’ permissible variations from its present 
after alloy No. 18. form to read as follows by the addition 
; of the italicized words and figures ani 
Tentative Specifications for Magnesium- the omission of those in brackets: 
Base Alloys in Ingot Form for 
Sand Castings and Die Castings Material Variations 
Section 1.—In the third sentence 0-301 to 1.000." 
change the phrase “Eight alloys” to 3.000... 
read “Eight types of alloys.” — 
Table I.—Add to this table the chem- 
ical requirements, prescribed in the edite 
accompanying Table VI, for three high- eld st 
purity alloys, designated Nos. 4X, 13 X, (3001 to 0.0 oy Ne 
and 17X: 11.001 to 12.000... 0 “3000 
and under....... 010 
Tentative Specifications for Magnesium- 0. Tentatiy 
Base Alloy Bars, Rods, and Shapes Shapes 2. 0.036 Base 
107-40 T):? ings ( 
Table I—Change the requirements 
for silicon content of alloys Nos. 8, 9, 7. shes 
and 15 from “0.5 max. per cent” to 9:00! fo 10.000... 0.06 ‘apy 
In the 
read “0.3 max. per cent.” at 
Add to this table the following chem- allon 
ical requirements for a high-purity Explanatory Note 1,—Change ™ y 


alloy, designated No. 18X: fifth paragraph from its present form t 


‘ 
gh-pur 
Other 
‘ 
a 
| 
? 


Uther 
purities 
mat., 
er Cent 


yvering 
present 
dition 


eS and 


rations, 
or minus, 


REVISIONS IN STANDARDS FOR 


nad as follows and transfer it to the end 
of Explanatory Note 1: 


Alloy Nos. 8X, 9X, 15X, and 18X.—These 
loys are the same as alloy Nos. 8, 9, 15, and 
18, respectively, except that the iron and nickel 
»ontents are held to low values in order to obtain 
maximum resistance to salt-water (NaCl) 
cmosion as required for military aircraft and 
vaboard exposures. Resistance to normal 
amospheric corrosion is not materially in- 
‘eqsed. Mechanical properties are the same 
« for the normal grades of alloys. These 
tigh-purity alloys are available from limited 
yurces of supply and at a premium over the 
somal grades of alloys. 


Table 7.—In the first column insert 
und 18X” after alloy No. 18; also make 


36 in. and 
under 
in Width 


126 0.04T? 
.092 0.0045 
065 0.003 
041 0.003 
: 0.0025 
).026 0.0025 
).021 0.0025 
1.019 0.002 
O15 0.002 
).010 0.0015 


Over 60 to 66 in. 


in Width 


1.126 0.08T* 
).092 0.010 
).065 


the nominal! thickness. 


torial correction in the values for 
strength and unit deformation of 
y No. 11 by changing these data from 
3,000 and 0.0055” to read “20,000 and 
1,” respectively. 


Tentative Specifications for Aluminum- 
Base Alloy Permanent Mold Cast- 
ings (B 108 - 38 T):! 


Delete alloy 1 and its specified re- 
ments from Tables I and II and 
the information for this alloy given 
the table of supplementary data 
the Appendix; change the reference 
loy 1 in Section 1 to read “1A.” 
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Tentative Specifications for Aluminum- 
Magnesium-Chromium Alloy Sheet 
and Plate (B 109 - 40 T):? 

Table IT.—Change the section of this 
table on permissible variations cover- 
ing flat sheet from its present form to 


read as prescribed in the accompanying 
Table VII. 


Tentative Specifications for Aluminum- 
Base Alloys in Ingot Form for Perma- 
nent Mold Castings (B 112~ 38 T):! 


Section 1.—Change the third sentence 
from its present form to read as follows: 
“Twelve alloys are specified and are 
designated alloys 1A to 11, inclusive.” 


Over 36 | Over 42 Over 48 
to 42 in. in to 48 in. in to 54 in. in 
Width Width Width 


Over 54 
to 60 in. in 
Width 


0.05T* 0.05T* 0.05T* 0.06T¢ 
0.005 0.005 0.005 0.007 
0.004 0.004 0.005 0.006 
0.004 0.004 0.005 0.006 
0.003 0.004 0.004 0.005 
0.003 0.004 

0.003 
0.003 


Over 72 to 84 in. 


Over 66 to 72 in. 
i in Width 


in Width 


0.10T? 


Table I.—Delete alloy 1 and its speci- 
fied requirements from this table. 


REVISION OF STANDARD, IMMEDIATE 
ADOPTION 


Standard Specifications for Magnesium 
Ingot and Stick for Remelting 
(B 92 — 39):! 


Section 3.—In the tabulation of chem- 
ical properties, change the line reading 
“total of copper and nickel, max., 
per cent....0.05” to read as follows: 


Copper, max., per cent 
Nickel, max., per cent 


0.11T* 
0.012 ee 
0.010 


| 
to 3 
tol 
|. 005 
).005 
insert 
| 
| 
, 
0.010 f 
0.015 
0.018) 
| 
_ 


APPENDIX II 


A HIGH STRENGTH ALUMINUM SAND CASTING ALLOY NOT 
REQUIRING SOLUTION TREATMENT AND QUENCH 


PREPARED FOR SUBCOMMITTEE 


Since the use of high-strength alumi- 
num sand casting alloys was instituted, 
difficulty has been experienced from 
time to time due to the high-temperature 
solution treatment and quench neces- 
sary to attain the high physical proper- 
ties. Warping and cracking due to the 
high stresses introduced by drastic 
quenching from the neighborhood of 
530 C. have not been uncommon, es- 
pecially where the casting design in- 
cluded long, thin sections or rapid 
changes in section. Production delays 
were also frequently encountered due 
to the following reasons: 

1. Actual length of time required for 
solution and precipitation treatment, 

2. Difficulty of fitting solution and 
precipitation treatment of castings into 
a foundry production schedule with long 
waiting lists due to the heavy demands 
on production capacity of installed 
high-temperature heat treating equip- 
ment, and 

3. Scarcity of high-temperature heat 
treating equipment large enough to 
handle castings more than about 3 ft. 
in any direction. 

The recent increase in production due 
to the Defense Program has served to 
magnify these latter difficulties attendant 
with the use of the solution-treated, 
quenched and aged type of high-strength 
aluminum sand casting alloy. The need 
for an aluminum sand casting alloy 
which has physical, chemical and foun- 
dry properties comparable with those of 


* Works Laboratory, General Electric Co., Schenectady, 


II sy D. Bascn' 


the high-strength alloys, but obtainab 
without the use of a high-temperature 
solution treatment and quench has been 
very apparent. 

An aluminum-zinc-magnesium allo 
has been used as a general purpose sant 
casting alloy for several years, and recent 
development work has shown that a 
alloy with a similar composition satisfied 
the need stated above. This alloy which 
is proposed for inclusion as alloy “0’ 
in the A.S.T.M. Tentative Specifications 
for Aluminum-Base Alloy Sand Casting 
(B 26 — 37 T) has the following con- 
position: 


Zinc, per cent 

Chromium, per cent............ 
Magnesium, per cent 

Titanwim, per cent. ..... 
Iron, max., per cent. . 

Copper, max., per cent 

Silicon, max., per cent 

Other impurities, max., per cent. . 
Aluminum, per cent............ 


The physical properties which have 
been established as guaranteed specifi 
tion values for this alloy are as follows 


Artificia 
As-C Age 
Ee (no que 
Tensile strength, min., psi........ 29000 
Yield strength (0.2 per cent off- 
set), psi.: 
min. 
typical ... 
Elongation in 2 in., min., per cent. 


@ The properties are the same as those specifies 

G, heat treatment No. 1, in A.S.T.M. Specificatio 
37 T, and are better than’ alloy M, heat treatment * 

» This condition will prevail for two to three weess 
casting. It is only temporary as indicated in the d¢ 
tion of the properties of this alloy. . 

© The properties are about the same as those speci® 
alloy G, heat treatment No. 2, and alloy M, he a 
ment No. 2, A.S.T.M. Specifications B 26-37 


somewhat higher yield strength. 4 
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will b 
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| | 
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The | 
alloy 
{ 
().40 to 0.6 
).40 to 0.6 piv 
0.10 tod 
1.00 
0.2 
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erature 
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| recent 
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0 to 
0 to 0.00 
0) to 0.0) 
0 to 0.2 


Artificially 
Aged 


no quenct 
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In this condition the proposed alloy 


meets in tensile strength, elongation and 
yield strength the requirements pre- 


gribed for alloy G, heat treatment No. 2, 
Specifications B 26 — 37 T, and exceeds 
those of alloy M, heat treatment No. 2. 
The high elongation of the proposed 
alloy in the unaged condition during 


Artificial aging not only stabilizes 
the physical properties but also serves 
as a strain relief and permits close tol- 
erance machining within a few days 
after casting without the danger of sub- 
sequent warping or distortion. 

In Table I are shown some typical 
test data obtained on room temperature 


“Al 


Alloy O, Artificially Aged. 
1.—Sand Cast Aluminum Alloy Tension Test Bars After 18 Weeks in Salt Spray (Corro- 


Products Removed by Scrubbing). 


the first two or three weeks after casting 
“ill be useful primarily where cold- 
‘formation, straightening, etc., of cast- 
gsarenecessary. However, even with- 
it artificial aging the properties of the 
‘lloy will gradually—within three to six 
nonths—approach the properties of the 
same casting after artificial aging and 
Sa great deal of the original ductility 

t like heat treatment No. 1 when 
changes—through air aging—into the 
‘ged condition, heat treatment No. 2. 
The properties of the artificially aged 
material are those to be counted on in 
‘etvice and, therefore, all design should 

on artificially aged material. 


TABLE I.—TYPICAL TEST DATA FOR ALLOY 0. 


Yield 
Tensile Strength 
Strength, | (offset 0.2 
psi. | per cent), 
psi. 


Elongation 
in 2 in., 
per cent 


Arr AGING ONLY 
(AVERAGES OF Four TEstTs) 


30 670 
32 120 
36 000 


17770 | 


10 days 
21 520 | 


8.9 
60 days 5.7 
120 caps. 25 750 4.7 


hou THE ARTIFICIAL AGING TREATMENT 
Individual test “30 900 | | 
bars picked at 
random 


an 


eee 


: 
| . 
217 
, Alloy G, Heat-Treatment No. 2. ; | 
aaa Alloy M, Heat-Treatment No. 2. “oy 
ance 
pecic on 
22.000 
25 
for ali 
ent No.!. 
weeks 
Te 
31 000 26 000 | 
32 500 24 300 
32 200 24 100 
| 32500 27 700 3 ; 
| 32 100 | 27 900 | 3 4 
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aged and artificially aged bars of the 
proposed composition. The _ stress- 
strain data were taken with Templin 
automatic recorders of high sensitivity. 

The endurance limit of alloy O in 
the artificially aged condition has been 
found to be 8500 psi. Impact re- 
sistance as measured by tension-impact 
tests compares favorably with alloy G, 
heat treatment No. 2 and is markedly 
better than alloy M, heat treatment 
No. 2. 

Corrosion tests run by various agencies 
like the Navy Department, General Elec- 
tric Co., etc., indicate that the corrosion 
resistance of the proposed alloy is better 
than that of alloy G, heat treatment No. 
2 of Specifications B 26 
perhaps not quite so good as the silicon- 
bearing alloys like alloy M, heat treat- 
ment No. 2 of Specifications B 26 — 37 T. 
The corrosion of alloy G, heat treatment 
No. 2; alloy M, heat treatment No. 2; 
alloy O, artificially aged; and several 
others after 18 weeks in the salt spray 
test are shown in Fig. 1. 

Foundry properties are comparable 
to A.S.T.M. alloy G, but not quite so 
good as A.S.T.M. alloy M. 

X-ray pictures taken on quite com- 
plicated castings have demonstrated re- 
markable soundness of the section at 
critical points. Machinability is excel- 
lent, far superior to either alloy G, 
heat treatment No. 2, or alloy M, 
heat treatment No. 2 and_ probably 
even better than the standard A.S.T.M. 
alloy C. 

The proposed alloy lends itself very 
well to anodization with a good white 
color and high corrosion resistance. 

Upward of 225,000 lb. of good castings 
of this alloy have been made during 1940 
with very satisfactory results. 

The outstanding advantages of this 
alloy are the following, which charac- 
teristics will indicate its fields of appli- 
cation: 


37 T, although 
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. High corrosion resistance, 
. Excellent shock resistance, 
3. High endurance limit, 
. Excellent machinability, and 
5. Procurement of high physical prop- 
erties comparable to those offere/ 
by the so-called heat treatable 
aluminum alloys now on the mar. 
ket, but without the need of high. 
temperature solution treatment 
with its attending quenching 
stresses which usually result j 
dimensional instability. 
This omission of the high-ten- 
perature solution treatment als 
_ eliminates the need for expensive 
high-temperature heat treating 
equipment and bottleneck in 
duction. 

Against these advantages, there i 
slightly greater casting difficulty tha 
with the aluminum-silicon alloys due w 
greater hot shortness and lower strengt! 
at high temperatures. These foundn 
difficulties will require more care 
gating and risering than in the case wil 
the high-silicon alloys. 

As to the consumers’ demands, ths 
is a matter of speculation; however, até 
meeting held in New York City som 
time ago with representatives of the Be 
Telephone Laboratories, Sperry Gyt 
scope, Eclipse Aviation, American Gi 
Co., Ford Instrument, and Gener 
Electric Co., it was the consensus 
opinion that an alloy with the propertié 
of the proposed composition, whl 
would not require high-temperature # 
lution treatment and quench to deve! 
the properties, fills a very definite né 
and would find considerable use if 00 
standardized. Since that meeting 
New York, the Eastman Kodak ¢ 
and the Parker Appliance Co. have, 
their own volition, asked to have Ht 
endorsement of and their desire to la’ 
this alloy standardized added to the 
who attended the meeting. 
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APPENDIX III 


THE DIVIDER METHOD IN TENS 


ION TESTING OF MAGNESIUM- 


BASE ALLOYS 
By H. W. Scumipt! 


One of the properties of materials of 
interest to engineers is the value of the 
s-called yield strength. An approxi- 
mation of this value sometimes used is 
the stress computed from the load at 
0.5 per cent elongation. The “divider 
method’”* has been proposed as a means 
of measuring this 0.5 per cent elongation. 
It is the purpose of this note to present 
some data on the divider method as it 
would be applied to magnesium alloys. 

An extruded wrought material (A.S. 
I'M. Designation: B 107 — 40 T, Alloy 
sX)’ and a heat-treated sand-cast ma- 
terial (A.S.T.M. Designation: B 80 — 40 
T, Alloy 4)* were used in the tests. All 

t specimens were prepared ,in ac- 

rdance with appropriate A.S.T.M. 
standards. Several modifications of the 

“divider method” for measuring the 
elongation under load were used as fol- 


Method A (Punch-Mark Method). 
Light punch marks on a 2-in. gage length 
were placed on the test specimen. A 


lvider was set at 2.01 in. Load read- 
igs were taken when the operator sig- 
alled that the apex of the punch mark 
uncided with the upper point of the 
divider leg while the lower leg was firmly 


, The Dow Chemical Co., Midland, Mich. 
_ ee Standard Definitions of Terms Relating to Meth- 
as of Testing (E 6 - 36), 1939 Book of A.S.T.M. Stand- 
ards, Parts I, 11, and LIL. 
Tentative Specifications for Magnesium-Base Alloy 
mo Rods, an Shapes (B 107 - 40 T), 1940 Supplement 
a of A.S.T.M. Standards, Part I, p. 347. 
icone Specifications for Magnesium-Base Alloy 
AST M tings (B 80 - 40 T), 1940 Supplement to Book of 
. - Standards, Part I, p. 343. 
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held in the bottom gage mark. Simul- 
taneously, and independent of the opera- 
tor, load readings were taken correspond- 
ing to 0.5 per cent elongation of an 
extensometer. 

Method B (Scratch-Mark Method).—- 
Scratch marks were placed on the test 
specimen at a gage length of 2 in. A 
divider was set at 2.01 in. Load read- 
ings were taken when the operator sig- 
nalled that the upper leg of the divider 
coincided with the upper scratch mark 
while the lower leg of the divider was 
held firmly in the bottom scratch mark. 
A magnifying glass was used when taking 
these readings. As previously noted, 
simultaneous load readings were taken 
at 0.5 per cent elongation of an exten- 
someter. 

Method C (Pull-Out Method).—-Light 
prick punch marks at 2-in. gage length 
were placed on the test specimen. The 
divider was set at 2.00 in. Load read- 
ings were taken when the operator sig- 
nalled that the apex of the cone of the 
upper punch mark was visible while the 
lower leg of the divider was firmly held 
in the lower punch mark. Simultane- 
ous load readings were taken as before 
at an elongation of 0.5 per cent of an 
extensometer. 

Only operators skilled in the testing of 
materials were used in the tests. The 
data in Table I show the results ob- 
tained. In each set of results the first 
column entitled “Stress at 0.5 per cent 
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Elongation” is the stress corresponding 
to an elongation of 0.5 per cent as 
measured by an extensometer. The 
second column is the stress correspond- 
ing to the elongation as obtained by one 
of the divider methods. The third 


TABLE I. 
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with the punch-mark method A, other 
operators may obtain very poor results, 
There is a considerable discrepancy jn 
the results obtained by an operator when 


testing a cast material as against the 
same operator testing a wrought mate. 


Method A 


Test 


Specimen 


Punch- | 
Mark 
Test, 


0.5 per 
cent 
| Elonga- 


| tion, psi. | 


DIVIDER METHOD IN TENSION TESTING OF MAGNESIUM-BASE ALLOYS. 


psi. | tion, psi. psi. 


Method B Method C 


at by | Stress at 


Stress at | Stress by, 
0.5 per Pull- 
cent Out 
Elonga- Test, 
| tion, psi. psi. 


Stress 

Scratch- 
Mark | 
Test, 


Error, 
per cent 


EXTRUDED Macnesium Atioy (A.S.T.M. DesIcNaTION: B 107 - 40 ALLoy 8X)3 


30 200 
29 300 
30 000 


31 200 
30 200 
31 200 


28 600 
30 200 
30 200 


30 300 
30 000 
30 600 


22 500 
26 100 
25 400 


33 400 
27 900 
31 900 


25 100 
30 300 
30 200 


30 500 
30600 
27 900 


—25.5 
—10.9 
—15.3 


+7.1 
—7.6 
+2.2 


—12.2 
+0.3 
0 


+0.7 
+2.0 
—8.8 


Heat TREATED MAGNESIUM 


14 900 
15 050 
14 500 
14 400 
14 800 


14 700 
14 300 
14 500 
14 800 
14 700 


14 800 
14 900 
14 200 
14 350 
14 800 


14 400 
14 550 
14000 
14 250 


15 000 
13 850 
14 500 
14 600 
14 650 


14 600 
14 700 
14 400 
14 000 
13 800 


14 700 


| .15 000 


14 200 
14 500 
14 800 


16 250 
16 900 
15 000 
11 500 


12 250 
11 700 
16 600 
15 000 
12 850 


0 
+1.0 
0 


+12.9 
+16.2 


31 200 
31 400 
31 300 


32 400 
31 200 
31 100 


31 700 
32 700 
30 600 


30 600 
| 31800 


27 500 
33 100 
21 900 


32 000 
30 700 
31 800 


33 300 
35 000 
25 900 


25 100 
27 700 


9 
+5.4 
—30.0 


2 
-6 
3 


+ 
+ 
+ 
-1 


1 
1 
2 
S. 
7 
5 
7 


—17. 


1 
0 
9 
—12.9 


(A.S.T.M. DESIGNATION: 


15 200 
14 700 


14 500 
14 100 
14 100 


14 400 
14 100 
13 900 


15 100 
14 900 


14 900 
15 700 


14 800 
15 500 
14 400 


14 200 
14 100 
14 300 


13 700 
14 900 
15 000 


—2.0 
+6.8 


+2. 
+9. 
+2. 


—1.4 
0 
+2.9 


—9.3 
0 
0 


B 


30 200 
30 800 
31 700 


30 800 
30 700 
32 800 


32 300 
31 800 
32 800 


32 000 


14 500 
14 400 
14 500 


14 300 
14 400 
14 600 


15 000 
14 700 
14 200 


—4 
—42 

—%.9 


ALLoy 4)¢ 


11300 | 


10 600 
11 100 


12 100 
12 900 
13 400 


| 


| 


-15.7 


column is the error of the divider method _ ri 


with reference to 
method. 


Discussion: 


the extensometer 


very light. 
a requisite. 


al. 


In using the punch-mark methot 


it is essential that the prick-punch mars 
Good illumination is 4 


The sense of feel can > 


The results show that while one opera- 
tor may obtain consistently good results 


developed as a valuable aid to orig 
The scratch-mark method B 
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—1.0 | 
~0.7 2500 | 
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—€.7 1200 | -2 | 
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+0.7 | 15300 
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ON THE DivipER METHOD 


terials than for the wrought material. 
This may be explained on the basis that 
the machined surface of the specimen 
of wrought material caused confusion 
since it was difficult to distinguish be- 
tween the scratch mark and machine 
marks. This difficulty could be elimi- 
nated by polishing the bars longitudi- 
nally to remove transverse machine 
marks. The scratch-mark method lends 
itself toa greater degree of accuracy than 
does the punch-mark method. How- 
ever, for the method to be effective, 
transverse scratch marks must be re- 
moved as these cause confusion and 
eror. With this method, proper illu- 
mination is especially essential. Very 
light scratch marks are necessary. 

The pull-out method C is definitely 
unreliable. The depth of punch marks, 


- 


size of divider points, size and type of 
divider used, illumination, and skill of 
the operator are all variables influencing 
the accuracy of the method. 

The divider methods “A” and “B” 
may possibly be used with some success 
by a skilled operator who is thoroughly 
familiar with the material to be tested 
and adequately trained in using the 
method. The divider setting and the 
manipulation of the divider are impor- 
tant functions of the test and if proper 
care is not exercised, large errors may 
result. The methods are not recom- 
mended. 


Conclusions: 


The divider method is not recom- 
mended for use as a control method in 
tension testing of magnesium alloys. 
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REPORT OF COMMITTEE B-8 


ON 


ELECTRODEPOSITED METALLIC COATINGS 


The complications in procedure in the 
preparation of specifications for electrode- 
posited metallic coatings developing out 
of the number of standing committees in- 
terested in the subject, became sufficiently 
serious during 1940 to require attention. 
Committees A-5 on Corrosion of Iron and 
Steel, B-3 on Corrosion of Non-Ferrous 
Metals and Alloys, and B-6 on Die-Cast 
Metals and Alloys relinquished that por- 
tion of their scope covering electrodeposi- 
ted coatings, with the exception in the case 
of Committee A-5 of zinc and cadmium 
coatings on steel, in order to make pos- 
sible the formation of a new standing 
committee on electrodeposited metallic 
coatings. The Executive Committee of 
the Society felt this move to be desirable 
and a steering committee composed of 
W. H. Finkeldey, Sam Tour, J. R. 
Townsend, William Blum, C. H. Sample, 
and E. A. Anderson was appointed to 
undertake the organization of the com- 
mittee. Mr. E. A. Anderson was re- 
quested to act as temporary chairman. 
His effective work made possible the 
rapid organization of and action by the 
committee. 

On March 6, 1941, Committee B-8 on 
Electrodeposited Metallic Coatings was 
formally organized with the following 
elected officers: 

Chairman, E. M. Baker 
Vice-Chairman, E. A. Anderson 
Secretary, G. Soderberg 


The membership: of the committee 
totals 31, of whom 12 are classed as 


producers, 4 as consumers, and 15 as 
general interest members. 

The existing Tentative Specifications 
for Electrodeposited Coatings of Nickel 
and Chromium on Steel (A 166 - 40T 
and the Tentative Methods of Test for 
Local Thickness of Electrodeposited 
Coatings on Steel (A 219 — 40 T) were 
released from the jurisdiction of Com- 
mittee A-5, and the responsibility for 
them was assumed by Committee B-8. 


I. New TENTATIVE STANDARDS 


The committee recommends that the 
following two new, proposed specifica- 


tions, which had previously received pre- 
liminary discussion by Subcommittee 
IV on Specifications, of Committee B-3, 
and Subcommittee VI on Finishing 
Properties of Die Castings, of Committee 
B-6, be accepted for publication 4s 
tentative: 


Tentative Specifications for: 


Electrodeposited Coatings of Nickel and 
Chromium on Copper and Copper-Base Alloys, 
and 

Electrodeposited Coatings of Nickel and 
Chromium on Zinc and Zinc-Base Alloys. 


II. REvIsIoNs OF TENTATIVE 
STANDARDS 
Tentative Specifications for Electrode- 
posited Coatings of Nickel and Chromium 
on Steel (A 166 — 40 T)2—The commit: 


tee recommends that these specifications 


1 These specifications were accepted as tentative 0) 
Society and appear in the 1941 Supplement to Boot 
A.S.T.M. Standards, Part I, pp. 559 and 562. sia 

2 1940 Supplement to Book of A.S.T.M. Standards, ** 
I, p. 296. 
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ON ELECTRODEPOSITED METALLIC 


be revised as appended hereto* and con- 
tinued as tentative. 


[I]. Eprror1IAL CHANGES IN TENTATIVE 
STANDARD 


Tentative Methods of Test for Local 
Thickness of Electrodeposited Coatings on 
Steel (A 219 — 40 T).4A~—The committee 
recommends the following changes in 
these methods as editorial: 

Tille and Scope.—Omit the words “‘on 
steel.” 

Section 5.—Correct the concentration 
of the hydrochloric acid specified from 
asp. gr. of “1.80” to read “1.180.” 

Section 6 (a).—In the second sentence 
change the phrase “small ring of melted 
jaraffin or with a mark made with a wax 
pencil,” to read “small ring made with 
melted paraffin or with a wax pencil.” 


The recommendations appearing in 
this report have been submitted to letter 
tallot of the committee which consists of 
)members, with the results shown in 
Table I. 


se revised specifications were accepted as tenta- 
the Society and appear in the 1941 Supplement to 
A.S.T.M. Standards, Part I, p. 55 


| 555. 
40  oueee to Book of A.S.T.M. Standards 
I, p. 303. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Affi N 

rm- ega- | Marke 

>? Items ative tive | “Not 
Voting” 


I. New TENTATIVE STANDARDS 


Spec. for Electrodeposited 
Coatings of Nickel and 
Chromium on Copper and 
Copper-Base Alloys 

Spec. for Electrodeposited 
Coatings of Nickel and 
Chromium on Zinc and Zinc- 
Base Alloys 


II. Revisions oF TENTATIVE 
STANDARDS 


Spec. for Electrodeposited 
Coatings of Nickel and 


III. Eptrortat CHANGES IN 
TENTATIVE STANDARD 
Test for Local Thickness of 
Electrodeposited Coatings 
on Steel (A 219 - 40 T) 27 0 


This report has been submitted to 
letter ballot of the committee which 
consists of 30 members; 30 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


E. M. BAKER, 
Chairman. 
G. SODERBERG, 
Secretary. 
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REPORT OF COMMITTEE C-1 


ON 
~CEMENT 


Committee C-1 on Cement has held 
two meetings during the year. Each of 
these occupied two entire days during 
which all of the committee’s various 
activities were very fully discussed. 
Most attention, however, was given to 
questions which largely concerned the 
Tentative Specifications for Portland 
Cement (C 150 - 40 T) covering require- 
ments for five types of portland cement. 
As a result of this consideration, the 
committee now recommends that Speci- 
fications C 150 be revised as appended 
hereto! and approved for reference to 
letter ballot of the Society for adoption 
as standard to replace immediately the 
Standard Specifications for Portland Ce- 
ment (C 9-38)? and for High-Early- 
Strength Portland Cement (C 74 - 39).3 
This revision was prepared after detailed 
study of the specifications by the Spon- 
soring Committee on Portland Cement 
under the chairmanship of C. E. 
Wuerpel. 

Though it will be noted that appar- 
ently but slight revisions have been made 
in Specifications C 150 — 40 T, they have 
been published as tentative for a year, 
and it should be stated that much 
thought was given to a number of pro- 
posed revisions, such as changes in 
strength requirements, in chemical lim- 
itations, fineness, definition, statements 
regarding permissible additions, and the 


1 These specifications were adopted as standard by the 
appear in 1941 to Book of 
A.S.T Standards, Part II, p. 

21939 yi of A.S.T.M. ‘Standards, Part II, p. 1. 

p. 3 


insertion of maximum limits on the per- 
missible soda (Na2O) and potassa (K,() 


contents. 


SUBCOMMITTEE ACTIVITIES 


Alkali (Na2O, K2O) in Cement: 


Attention has been directed in various 
articles during the past few years to the 
possibility of the reaction of “alkali,” 
set free in the hydration of cement, on 
certain minerals occurring in aggregate 
In several cases in highway work in Cali- 
fornia and in the Parker Dam on the 
Colorado River the resulting action 
manifested itself either by ‘map crack- 
ing’ on the surface, or by marked 
cracking extending to some depth in the 
concrete, or marked volume changes 
amounting to incipient disintegration 
Although the alkali present to a major 
extent in the hydration of cement is lime 
(CaO), which doubtless does react with 
all but calcareous aggregate—and in # 
doing may not produce unfavorable tt 
sults—the evidence advanced to datt 
seems to place the fault with the Naf 
and possibly also the K2O which is pres 
ent in all cements. Although the tot 
amounts of these oxides never exceed 1 
per cent—and may be as low as 0.10 p# 
cent—and averages possibly for all « 
ments approximately 0.75 per cent, 
appears that amounts of about 0.60 
cent are sufficient to cause concern, pé" 
ticularly with rocks or minerals such 2 
andesite, opaline-like silicas, possibly 


| tain 
= shale. 
As 
sidere 
Spec 
: jurin: 
| into t 
meeti 
mitte 
sion ¢ 
nerew 
are ne 
n que 
0 
fact t. 
tant 1 
emen 
lave | 
hemi 
The 
Chem 
ship o 
very 
ho re’ 
studyi 
lime, 
Durin 
much 
metho 
mentic 
lISCUS: 
activit 
Labor. 
The 
Tentat 
of Por 
| recom) 
Bods wl 
Sect 
sénten, 
| read a, 


various 
to the 
alkali,” 
ent, on 
regate. 
in Cali- 
on the 

action 
 crack- 
marked 
h in the 
changes 
gration. 
a major 
t is lime 
ict with 
nd in 
able 
to date 
ie Nay!) 
| is pres 


he total 


ceed 1. 
().10 per 
r all ce 
cent, it 
().60 pet 
ern, par 
such 
sibly cr 


On CEMENT 225 


tain cherts and feldspars, indurated 
shale-like rocks, etc. 

As a result of the agitation of this 
question, the committee last year con- 
sidered the need of limits for the NazO 
and K,O before proposing the Tentative 
Specifications C150-40T. However, 
it was believed the question should be 
sudied further. There was organized 
during the year a subcommittee to look 
into the matter, under the direction of 
k. F. Blanks. At the time of the last 
meeting of Committee C-1, this subeom- 
mittee was not able to advance any 
recommendations, and hence in the revi- 
sion of Specifications C 150, submitted 
herewith! for adoption as standard, there 
are no suggested limits for the two oxides 
in question. However, all of the mem- 
ets of the committee are mindful of the 
act that this is one of the most impor- 

nt technical matters now before the 
ement industry and the subject will 

ve the committee’s marked attention. 


Chemical Limitations and Analyses: 


The Subcommittee on Methods of 
Chemical Analysis under the chairman- 
ship of W. C. Hanna, has been, as usual, 
ery busy. Though at this time it has 
) revisions to suggest, it is actively 
studying the method of determining free 
me, sulfide sulfur, Na2O, and K,O. 
Uuring the coming year it will devote 
much attention to better and quicker 
ethods for determining the two last 
tioned oxides. This subject will be 
issed in some detail later under the 
ctivities of the Cement Reference 
Laboratory. 
The following editorial changes in the 
‘titative Methods of Chemical Analysis 
‘Portland Cement (C 114-40 T) are 
‘commended for inclusion in the meth- 
swhen they are next printed: 
ection 1 (b).—Change the last four 


“atences from their present form to 
‘tad as follows: 


The solvent should be slightly alkaline (Note 
3) to the indicator. If the solvent is colorless, 
add a diluted solution of NaOH in absolute 
ethanol until a slight pink color appears. If the 
initial color is pink, remove it with the standard 
solution of ammonium acetate and add the solu- 
tion of NaOH until a slight pink color appears. 
Heat 60 ml. of the solvent to boiling. If the 
pink color persists, add one small drop of the 
standard solution of ammonium acetate (0.02 
ml., equivalent to 0.0001 g. CaO) to the hot 
solvent. If the pink color does not disappear, 
the solvent contains too much alkali, which 
should be reduced. The solvent, if allowed to 
stand for a considerable length of time, may 
become slightly acid and should be checked and, 
if necessary, readjusted from time to time. 
(Note 4.) 


Add the following note as a new Note 
3, renumbering the remaining notes 
accordingly: 


Note 3.—While a solvent, which is exactly 
neutral at the boiling point, is the ideal, it is 
difficult to prepare due to the end point not 
being sharp and the danger of adding too much 
ammonium acetate. The error due to slight 
alkalinity is not more than 0.01 per cent in a 
determination of free calcium oxide and may be 
disregarded. In making up the solvent, the 
end point may be better observed if the solvent 
is put in a tall cylinder placed on white paper. 
The solvent may be observed from the top and 
the color matched with that of acidified solvent 
in a similar cylinder. 


Section I (c).—Omit the phrase “for 20 
min.” from the fifth and eighth sentence, 
and the phrase “20 min.” from the ninth 
sentence. 

Add a reference to a new Note 8, to 
read as follows, at the end of the ninth 
sentence and renumber the present Note 
7 as Note 9: 


Note 8.—In general the intervals may be 20 
min. but they will chiefly depend on the rapidity 
of the dissolution of calcium oxide. They may 
be 5 to 10 min. in the beginning and then be in- 
creased to 30 min. or 1 hr. in the end. If the 
solution contains a large amount of dissolved 
calcium oxide and its boiling is continued a long 
time without titration, crystals (probably cal- 
cium glyceride) may form which dissolve slowly 
and increase the time required for the comple- 
tion of the titration. 
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Nolte 6.—After the fourth sentence, 
add a new sentence to read as follows: 


Instead of an ordinary flask, plain tubing, and 
a stopper, a flask with a ground-in glass stopper 
and condenser tube may be used, preferably one 
with a standard taper joint. 


Note 7.—At the end of the first sen- 
tence add the phrase ‘especially when a 
large amount of calcium acetate is 
present.” 

Section 2.—In Note 1, second para- 
graph, change the last two sentences 
from their present form to read as 
follows: 


Mix all the screenings and ground residue 
thoroughly, grind slightly over 1 g. rapidly in 
the agate mortar for 2 or 3 min., and take 1 g. 
for the determination of free calcium oxide. 
Avoid unnecessary exposure of the sample to 
the atmosphere. If the sample is fine enough 
to pass completely through the sieve, grind 
slightly over 1 g. as above before weighing 1 g. 
for the determination. 


In Note 2, add the following two sen- 
tences between the first and second 
sentence: 


To avoid such excess, use a small burette 
or measuring pipette fitted with a glass stopcock 
or a rubber pinchcock and small tip which de- 
livers about 50 drops per milliliter. If the titra- 
tions are far apart and the reagent evaporates 
in the tip, a few drops may be discarded before 
each titration and the drops used in titration 
may be counted and converted in terms of 
milliliters. 


Add a new paragraph to read as follows 
between the first and second paragraphs 
in Note 2: 


Vigorous boiling is more essential with ce- 
ment than with pure calcium oxide and, if pos- 
sible, should be so conducted that it is not neces- 
sary to shake the flask vigorously at intervals. 
The flask should not be shaken vigorously while 
it is disconnected from the condenser because 
the solvent, if superheated, may boil, expel al- 
cohol vapor, and then draw in air carrying water 
and carbon dioxide. A good procedure is to 
bring the solution and sample to boiling rapidly 
over a bunsen flame in the beginning before 
placing the flask on a hot plate and connecting 
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it with the condenser. If there is a tendency 
to bump, it may be reduced by adding glass 
beads or pure quartz sand to the flask or putting 
a thin mat of asbestos between the flask and the 
hot plate. 

In Note 2, second paragraph, delete 
the fourth sentence and add at the end 
of the paragraph a new sentence to read 
as follows: 

The contents of the flask may be matched with 
similar contents in another flask which contains 
an excess of ammonium acetate. 

Section 3 (b).—Add a reference to a 
new note after the third sentence and 
add the following note at the end of the 
paragraph: 

Nore.—A convenient way to prepare a large 
amount of solvent is to heat BaCl,-2H,0 at 
120 to 130 C. for several hours, dissolve it in 
hot glycerol (100 to 125 C.) without grinding 
and mix the solution with ethanol. If the salt 
is dehydrated at a much higher temperature, it 
may be slow to dissolve in hot glycerol or solvent 
even when ground. 

Section 4 (b).— Delete this paragraph, 
relettering the remaining paragraph ac 
cordingly. 


Volume Change and Soundness: 


The Subcommittee on Volume Change 
and Soundness, under the chairmanshi 
of H. F. Gonnerman, has been studying 
those questions under its jurisdictio 
and has been following work which & 
being done along those lines by the labo 
ratories of the Portland Cement Associa: 
tion and the Public Roads Administra 
tion. The latter has been activel 
studying the autoclaving of clinker 
proposed by Ira Paul of the New Yor 
State Department of Public Wor 
The clinker of 60 cement mills has } 
subjected to autoclaving, the result 
compared with the expansion of 0 
cement bars, freezing-and-thawing tests 
the Merriman sugar test, the | 
acceptance tests of cement, etc. 
conclusions have yet been developed, | 
some valuable information should acc 
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during the coming year. It should be 
noted that in the revision of Specifications 
¢ 150 the old pat test for soundness, 
which has been in existence since the 
first standard for portland cement was 
adopted by the Society, has been sup- 
planted by an autoclave test, The 
Federal specifications for portland ce- 
ment are being similarly revised. 


Sulfate Resistance: 


The Subcommittee on Sulfate Resist- 
ance, under the chairmanship of Dalton 
(G. Miller, has a number of interesting 
problems before it. One of the types of 
cement in Specifications C 150, as recom- 
mended for adoption at this time, is re- 
ferred to as a sulfate-resisting cement. 
The committee, however, feels consider- 
able concern regarding the adequacy of 
the specification with regard to this par- 
ticularcement. At the present time the 
outstanding requirements which are used 
in the specification as an indication of 
sulfate resistance are indicated solely by 
hemical limitations without the use of 
iny physical tests. There is a ques- 
tioning on the part of many as to the 
correctness of these chemical limitations. 
In view of the desire for a physical test 
indicative of sulfate resistance and the 
orrelation of such a test with chemical 
requirements, the subcommittee has out- 
ined a series of tests. To study the 
relative volume change of lean mortar 

is when subjected to the attack of 
iggressive sulfate solutions, approxi- 

itely 125 different cements will be in- 


duded in the investigation. 
Strength: 


Asa result of data submitted by the 
National Bureau of Standards, the Sub- 
mmittee on Strength (O. L. Moore, 

rman) is studying the possibilities of 
he vibration method for placing mortar 

the molds for compressive strength 
‘pecimens. ‘Tests are already in progress 


in five laboratories. Each of the five 
types of cement described in Specifications _ 
C 150 will be used with two vibrators 
which have been tried in a preliminary 
way. One vibrator is of the electro- 
magnetic type; the other the rotary type. 
One of the vibrators is commercially 
available while the other follows a design 
used by the National Bureau of Stand- 
ards. In the Bureau tests a speed of 
5000 rpm. had been found preferable for 
the rotary vibrator, but in the work now 
being sponsored by Mr. Moore’s sub- 
committee a speed of 3450 rpm. is being 
used for the rotary vibrator since most 
laboratories have alternating current. If 
a greater speed is found desirable, the ro- 
tary vibrator will have to be redesigned. 
The purpose of molding by vibration is 
to remove variables induced by manual 
molding. It is of interest to note that 
the latest British specifications for port- 
land cement specify making compression 
tests by vibration. 

Because the above described investi- 
gation of placing mortars by vibration 
may lead to revisions of the method, 
Committee C-1 recommends that the 
Tentative Method of Test for Compres- 
sive Strength of Portland-Cement Mor- 
tars (C 109 — 37 T) be retained as tenta- 
tive for another year. 

The committee has also given thought 


to the possibility of the machine mixing 
of mortars for test specimens. The Sub- 
committee on Strength completed an 4 
assignment to collect certain strength . 
data which were desired by the Spon- 


soring Committee on Portland Cement. 4 ‘ 
Consistency: 

The Subcommittee on Consistency _ 
(M. A. Swayze, chairman) has been 
studying the possibility of determining | 
the amount of water to be employed in { 


making mortar by testing a mortar 
rather than the neat paste used at pres- 
ent. While the results look interesting, 
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further work is needed before recom- 
mendations can be made. The subcom- 
mittee has also been stressing the need 
of more care in mixing so as to reduce the 
loss of water and water-cement paste 
during the period in which the manipula- 
tion is carried out. The need of me- 
chanical equipment is recognized and will 
be considered. In this connection W. 
H. Klein exhibited a rather small rubber 
bag which he has been trying out in the 
mixing of mortars. ‘The ingredients for 
mortar are placed in the bag and then 
kneaded manually or mechanically. 
Such a closed and relatively flexible con- 
tainer warrants considerable further 
trials. 


Fineness: 


The Subcommittee on Fineness (P. H. 
Bates, chairman) is recommending cer- 
tain revisions in the Tentative Method 
of Test for Fineness of Portland Cement 
by Means of the Turbidimeter (C 115 - 
38 T). It does not recommend the 
adoption of this method as standard at 
the present time. The subject of the 
fineness of cement and the need of such 
a requirement in standards is still a moot 
question. This matter received con- 
siderable thought in the committee’s con- 
sideration in recommending the adoption 
of revised Specifications C 150 as stand- 
ard. Many ideas were presented, but 
the consensus of opinion was for retaining 
the fineness limits as given in the recom- 
mended standard. The committee is, 
therefore, recommending the adoption 
of the above mentioned revisions of the 
Tentative Method C 115-38 T which 
have been incorporated in the revised 
method appended hereto. The revi- 
sions do not cover any marked changes 
in the procedure followed in using the 
method. They are mostly in the nature 
of rewording suggested for the sake of 
clearness. 

4 This revised method was accepted as tentative by the 


Society and appears in the 1941 Supplement to Book of 
A.S.T.M. Standards, Part I, p. 257. 


Report oF ComMITTEE C-1 


During the year there appeared in the 
ASTM But tetin’ an article dealing with 
the determination of the fineness of ce. 
ment and other finely divided materials 
by means of air permeability measure. 
ments. This matter was further dis. 
cussed at the Symposium on New Meth- 
ods for Particle Size Determinations in 
the Subsieve Range held at the Washing. 
ton spring meeting of the Society on 
March 4, 1941. During the year the 
Subcommittee on Fineness received the 
cooperation of ten laboratories in the use 
of this method for determining the fine- 
ness of five portland cements, one port- 
land-pozzuolana cement, and one cement 
raw mixture. The results are given in 
Tables I and II. Considering the lack 
of familiarity with the method, the pre- 
cision of the results indicates the desira- 
bility of continued work. This will be 
done. 


Additions and Tests of Additions to 
Cement: 


During the year the Subcommittee on 
Tests of Additions to Cement (H. J. 
Gilkey, chairman) completed its study 0 
the addition of TDA to portland cements 
other than the high-early-strength type. 
As a result, the committee has placed in 
a note to Section 3 of the revision’ of 
Specifications C 150 a statement to the 
effect that this addition is not considered 
harmful in the amounts given. 

Another producer of an addition has 
requested that the Society study the 
product which he is making when usedit 
cements for highway paving concrete 
This study is being undertaken, particu 
larly since that addition is being used i 
cement in a considerable amount in high- 
way construction by the State of Ner 
York and is being made the subject 
investigation by the highway depatt 
ments of several other states. The com 


R. L. Blaine, “Studies of the Measurement of 
Surface by Air Permeability,” ASTM BULLETIN, No.0 
January, 1941, p. 17. 
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mittee is also following the results being 
obtained by some cement producers and 
by consumers of cement when using ce- 
ments containing such fats as tallow and 
certain stearates. The very excellent re- 
sistance to frost action, especially in the 


~ 


TABLE I.—SPECIFIC SURFACE OF CEMENTS BY 
AIR-PERMEABILITY METHOD AS a ake BY 
VARIOUS LABORATORIES, SQ. CM. PER G 


ce- | ce-| Ce- | Ce-| Ce- | Ce- | Ce- 
Laboratory | ment |ment} ment |ment/ment|ment/ ment 

2 3 
No. 1..... ..| 3215 | 3565} 3675 | 2500] 5140] 5170) 5340, 
3245 | 3460] 3600 | 2504] 5230] 4996} 5628 
3182 | 3488] 3542%| 2474] 5100] 5088] 5306 
No. 4A...... 3090 | 3410] 3530 | 2430] 5020} 4960] 5180 
No. 4B......| 3180 | 3500] 3620 | 2470] $110] 5070] 5330 
No. 5........| 3170 | 3510] 3630 | 2540} 5160] 5090] 5250 
No. 6..... ..| 3230 | 3540] 3670 | 2545] 5200] 4980] 5100 
No. 7..... ..| 3063 | 3404] 3482 | 2426] 5008] 4903} 5059 
No. 8........] 3194 | 3491] 3617 | 2489] 5166] 5113} 5290 
No. 9........| 3095 | 3425] 3509 | 2426] 4987] 4914] 5078 
No. 10... Fase 3380} 3550 | 2460] 5080) 5060) 5210 
Average. . .| 3162 | 3470] 3584 | 2478] 5109] 5031] 5252 
Percentage 
variation...| 1.64 1.30} 1.56 | 1.37] 1.25] 1.45] 2.17 


By Usinc Cement No. 1 AS A STANDARD SAMPLE WITH 
A FINENESS VALUE OF 3200 SQ. CM. PER G. AND APPLYING 
FACTOR TO 0 VALUES REPORTED BY EACH LABORATORY 


Average. . 3200 | 3510] 3630 | 2510| 5170] so9o| 5310 
P reentage 
ariation...| ... | 0.83 0.72 | 0.80] 0.68] 1.22] 1.33 


IFFERENCE BETWEEN HIGHEST AND LOWEST VALUES 
RevonteD BY LABORATORIES, SQ. CM. PER G. 


20; 10) 50| 10 15} 50) 55 
136 | 174) 164 | 195) 136) 478) 532 
| 60) 400¢ 


20 70} 70} 70| 40 
4B 10 20) 30} 20 
| 60) 301 40| 40 


15 | Sol 46 | 47| 35] 104 


One bad of the other four determina- 
Was 3620 sq erg 


Portland- clay). 
Raw mix (Lehigh Valley) 
“eet 13-g. sample, oe ho of 5263 sq. cm. per g. was 


; a bad value, spread of the other four determinations 
20 sq. cm. per g. 


resence of calcium chloride, which is 
“ng noted in the highways of New 
York where certain additions have been 
ed compels the committee to give spe- 
“attention to such additions as seem 
incorporate a small percentage of air 
nto the concrete. 


Portland-Pozzuolana Cements, Masonry 
Cements: 


The subcommittees having jurisdiction 
over such cements have spent consider- 
able time going over the Society’s present 
specifications for these commodities. 
The nature of both of these types of ce- 
ment varies over quite a range, and con- 
sequently standard requirements and 
methods of tests tend to become rather 
involved if they adequately cover the 
entire range. This makes the prepara- 
tion of standards rather exacting and 
laborious. However, the increased use 
of both of these materials, especially, 
masonry cement, necessitates the atten- 


TABLE II.—SPECIFIC CEMENTS AS 
DETERMINED BY THE WAGNER AND KLEIN 
TURBIDIMETERS AND ANILINE | HYDROMETER, 
SQ. CM. PER G. 


Method Used 


Cement 1 | 
Cement 2 
Cement 3 | 
Cement 4 
Cement 5 
Cement 6 

| Cement 7 


W — Turbidim- 
eter.. 


~ 


2197 
1650/1840] 2840 


1690} 1890) 1820] 1390}2500}1930] 2610 
.... 


Klein Turbidimeter. . .... 


Aniline Hydrometer. . .... 


tion which the subcommittee is giving to 
this work. 


Miscellaneous Committee Activities: 


The several subcommittees on bleed- 
ing, heat of hydration, time of setting, 
and new tests, have been more or less 
actively engaged in their work. While 
they do not have results at hand of suffi- 
cient interest to justify publication, they 
all have been closely following develop- 


ments of interest to their work. ~*~ 
Cement Reference Laboratory: 


The Subcommittee on Cement Ref- 
erence Laboratory (G. E. Warren, chair- 
man) has submitted the following sum- 
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mary of its work for the period July 1, 
1940, to February 28, 1941: 

The sixth inspection tour among ce- 
ment testing laboratories was completed 
and a seventh tour was announced and 
begun. Requests for inspection were re- 
ceived from 267 laboratories. ‘The num- 
ber of laboratories which had requested 
inspection in the sixth tour was 290. 

Many of the requests for inspection 
have mentioned improvements made in 
apparatus and methods since the last in- 
spection. Some of the deficiencies reme- 
died were of less importance than others, 
but the general indication was that of a 
closer regard for specification require- 
ments. Efforts were made to avoid un- 
warranted inspections, and some few 
laboratories, which had not corrected 
major deficiencies mentioned in the re- 
ports of earlier inspections, were advised 
that their requests for reinspection were 
only tentatively listed pending devel- 
opments. 

The Public Roads Administration con- 
tinued to require Cement Reference 
Laboratory inspections at laboratories 
involved in the testing of cement for cer- 
tain Government projects. Copies of 
inspection reports have also been fur- 
nished to other interested supervising 
offices. 

Two comparative test samples of port- 
land cement, Nos. 4 and 5, were dis- 
tributed to 225 laboratories for the pur- 
pose of comparing the results of chemical 
analyses. The test data from 188 labo- 
ratories were summarized by the Refer- 
ence Laboratory into a report which was 
issued by the National Bureau of Stand- 
ards to the participating laboratories. 
In some cases the results were not re- 
ceived until much later than anticipated, 
probably largely on account of the un- 
usual demands upon and changes in the 
staffs of some of the laboratories during 
recent months. The work included 
determinations of SiOz, Al.Os, 
CaO, MgO, SO;, ignition loss, Na2O, 


K20, P2Os, Mn2Os, insoluble residue, 
free CaO, and water-soluble alkali, 

The report on comparative sample 
Nos. 4 and 5 also included brief sym. 
maries of the data on balances and 
weights used in the work. In recent 
years there has been occasional discus. 
sion about such equipment, and it js 
hoped that the data now presented will 
be helpful in future considerations of the 
analytical balances and weights used in 
the cement laboratories. 

The examination of molds used for 
2-in. cubes was made a part of the regular 
work. Also, with the start of the sey- 
enth tour, the verification of compression 
testing machines was begun. 

The laboratory completed the last of 
the required 1-yr. strength tests on speci- 
mens made with a cement containing a 
certain addition, added during grinding 
of the cement, and submitted the results 
to the Subcommittee on Tests of Addi- 
tions to Cement. 


RECOMMENDATIONS AFFECTING 
STANDARDS 


The recommendations appearing 1 
this report have been submitted to letter 
ballot of the committee which consists 
of 83 voting members; 73 members re- 
turned their ballots, with the results 
shown in Table III. 


TABLE 


Ballots 
Affirm- | Nega- | Marke 
ative | tive “Not 


I. Revision OF ‘TENTATIVE 
STANDARD 


Test for Fineness of Portland 
Cement by Means of the 
Turbidimeter (C 115 - 38 T): 
Revisions mostly for clarifi- 

cation; not making any 
marked changes in method 


IJ. Apoption OF TENTATIVE 
STANDARD AS STANDARD 
Spec. for Portland Cement 
(C 150 - 40 T) as revised, to 
replace Standard Specifica- 
tions for Portland Cement 
(C 9-38) and for High- 
Early- 
Cement (C 74 - 63 i 


| 
Th 
lettel 
tec 
| 
| 
' 
. 
1-¢ 
| 68 0 | 


This report has been submitted to Respectfully submitted on behalf of 
letter ballot of the committee, which con- the committee, 
jsts of 83 voting members; 73 members _ P. H. Bates, 


returned their ballots, of whom 70 have Chairman. 
L. W. WALTER, 


yoted affirmatively and 1 negatively. ‘ 
Secreta 
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DISCUSSION 


Mr. Durr A. Asrams! (by letter) 
The writer takes exception to the para- 
graph, of the report of Committee C-1, 
under the heading ‘Subcommittee Ac- 
tivities” dealing with the effect of alka- 
lies in cement on the durability of con- 
crete. He attended both meetings of 
Committee C-1 during the year covered 
by this report and received all data that 
were presented to the committee, but 
saw nothing in the way of subcommittee 
activities which would justify the pub- 
lished statement. 

It is unfortunate that Committee C-1 
did not identify the “various articles 
during the past few years” on which its 
conclusions were based and give an 
estimate of the sufficiency of the infor- 
mation contained therein. The earliest 
recent article on this subject that has 
come to my attention was written by T. 
E. Stanton in Engineering News-Record, 
February 1, 1940. Assuming that the 
report of the committee was completed 
about May 1, 1941, “the past few years” 
covered exactly 15 months. The writer 
is aware that statements have been 
quoted (also mis-quoted) from Bulletin 
182 of the U. S. Geological Survey 
(1901) and from a paper by A. E. Ste- 
phenson in the Journal of Geology, Febru- 
ary—March, 1916, in an attempt to 
furnish a pedigree for certain recent 
hypotheses. 


portland cement concrete. Is it possible 
that the committee’s “‘past few years” 
might include articles 40 and 25 years 
old? 


However these papers have ~ 
no recognizable bearing on the case of © 


One cannot avoid noting the extrem 
caution of certain statements of the com- 
mittee on the subject of alkali in cement, 
In line 3, there was “the possibility of 
the reaction of alkali”; however by the 
time we reach line 8, ‘‘the resulting reac. 
tion manifested itself.” Caution again 
returns so that in line 20 it “seems to 
place the fault with the Na,O and pos 
sibly with the K,O which is present inal 
cements”; in line 26 “it appears that 
amounts of about 0.60 per cent are sufi- 
cient to cause concern.” 

It is notable that the committee had 
no comments on the following features of 
this subject: 

1. All cements contain the so-called 
alkalies; it is doubtful if a commercial 
portland cement was ever produce 
without them; hence alkalies in portland 
cement concrete is no novelty. 

2. It has been known for nearly « 
century that alkalies were present i 
portland cements. The earliest chem 
cal analysis of a portland cement which 
has come to my attention was made i 
1849 on an English cement by a German 
chemist; it was reported? as follows: 


While the analysis is somewhat incom 
plete it represents a most creditable pe 


2A. Lipowitz, 
Cement,” p. 13, sample 3. 
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formance for 1849; it is probably as 
accurate aS are many modern analyses 
which, without having determined alka- 
lies or other minor compounds report 
total oxides varying from 99.9 to 100.3 
per cent for cements which are known to 
contain 3 to 13 per cent of alkalies. 

K and Na in the above analysis are 
interpreted to be the compounds now 
designated as K,O and Na,O. On this 
basis the combined alkalies is 2.7 per 
cent. The computed compound compo- 
sition is: C3S = O per cent, C25 = 64 
percent, C3A = 11 percent. The pres- 
ence of water (Aq) and C, (probably 
C0.) suggest a considerable percentage 
of raw mix in the finished cement or that 
the sample had been stored in a damp 
place. 

3. The alkalies are rarely mentioned 
in cement specifications; most chemical 
analyses have disregarded them. It is 
only recently that the A.S.T.M. sug- 
gested a method for their determination. 

4. In the hundreds of thousands of 
tests made on portland cements in the 
numerous elaborate experimental stud- 
ies of special cements carried out about 
1930-1933, prior to the construction of 
Boulder Dam, no consideration was 
given to alkalies, nothing was learned as 

their behavior, and no thought was 
given to limiting their amount. One of 
the brands of cement used in Boulder 
| Parker Dams contained 1.42 per 
nt alkalies; among the highest in the 
S. 

). The committee failed to comment 
the peculiar fact that in recommend- 
Ng special low-heat cements (in which 
gh alkalies is now said to be trouble- 
me) for Boulder, Parker and other 
ange concrete dams, the clock of port- 
and cement progress was turned back 
nearly a century. The compound com- 
sition of the 1849 English cement is 

t materially different from some of the 
‘ow-heat cements which have been manu- 


factured in large volumes especially for 
the huge concrete dams built during the 
past 8 yr. Some of the cements used 
in Parker Dam showed C3S as low as 
10 per cent; C2S as high as 60 per cent 
and C3A as high as 7 per cent.’ 

6. During the investigations which 
were carried out in 1940 by the U. S. 
Bureau of Reclamation on materials 
used in Parker Dam, 2 years after the 
dam was completed, no determination of 
alkalies in cement could be found and 
none could be made until samples of the 
four low-heat cements manufactured in 
Southern California were finally located 
in Chicago. 

7. In making the chemical analyses for 
the acceptance tests of about 15,000,000 
barrels of cements for Boulder, Grand 
Coulee, Bartlett and Parker Dams dur- 
ing the years 1933 to 1940 (to mention 
only a few of the larger concrete dams) 
the National Bureau of Standards did not 
report a single alkali determination. 

8. The committee failed to note that, 
allowing for the normal variations in 
samples and necessary tolerances in the 
determination of alkalies, about 75 per 
cent of all American portland cements 
would be rejected by a limit of 0.60 per 
cent on combined alkalies. 

9. The committee did not comment on 
the failure of previous geological or 
petrographic studies of concrete aggre- 
gates and foundation rocks to reveal any 
danger signals for the guidance of build- 
ers of large concrete dams. 

The first time the question of the effect 
of alkalies in cement on concrete dura-. 
bility was brought before Committee 
C-1 was at the Washington meeting of 
December 6, 1940, when Mr. R. F. 
Blanks of the U. S. Bureau of Reclama- 
tion presented an oral statement concern- 
ing the deterioration of Parker Dam 


2 From ‘‘Summary Report of Bureau of Standards Ac- 
ceptance Tests for Low-Heat Cement for Bartlett and 
Parker Dams.” 
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which became notable within 2 years 
after the completion of that $9,000,000 
structure. 

The only material that has thus far 
come before Committee C-1 in the way 
of subcommittee action was a ‘‘Report 
of the Working Committee, Effect of 
Alkalies in Cement on the Durability of 
Concrete” which was sent to the mem- 
bers of Committee C-1 by Mr. R. F. 
Blanks, Chairman of the Working Com- 
mittee, under date of March 11, 1941. 
Apparently the report had not previ- 
ously been seen by the members of the 
Working Committee and contained state- 
ments which the members did not con- 
sider justified and the report was with- 
drawn. 

The report of Committee C-1 contains 
statements and conclusions, issued in the 
name of the committee, on a highly con- 
troversial subject, to which I object for 
the following reasons: 

(a) No information on recommenda- 
tions were presented to the committee by 
the subcommittee dealing with this 
subject; 

(b) The sentiments expressed in the 
report of the committee closely parallel 
those of the report of the chairman of 
the Working Committee, which was 
repudiated by the Working Committee. 

(c) No scientific data have been pre- 
sented to Committee C-1 which sub- 
stantiate any of the important state- 
ments or conclusions presented in their 
1941 report; 

(d) Much material was available on 
this subject which was not brought to 
the attention of Committee C-1. 

(e) ‘The committee had no opportunity 
to reach any conclusions or to take any 
action on the effects of alkalies in cement 
on the durability of concrete; 

(f) I have made a critical study of the 
“incipient disintegration” of ‘Parker 
Dam on the Colorado River’ (com- 
pleted, May, 1938). In this study I 
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examined detailed reports on cements 
and aggregates, design and construction 
records, crack and condition surveys 
and reported studies of the behavior of 
concrete taken from the dam. None of 
this information was ever made ayail- 
able to Committee C-1. My concl- 
sions with reference to Parker Dam are 
entirely different from those stated in 
the report of Committee C-1 on Cement. 

(g) The report of the Committee 
mentions with apparent approval a limi- 
tation of 0.60 per cent on alkalies, with 
little or no information on which to base 
such a limit, and no hint as to how the 
manufacturers are to meet such a limit. 

(h) Committee C-1 is one of the oldest 
of A.S.T.M. Committees; it was or- 
ganized in 1902 and has issued reports 
practically every year since. In only 
three of these reports is to be found any 
data on alkalies in portland cement; 
then only the quantity of alkalies was 
determined and in every instance the 
determination of alkalies was only in- 
cidental to other objectives. In no 
annual report of this committee, prior 
to 1941, is there to be found a single 
reference to the effect of alkalies i 
cement on concrete durability. 

(i) The off-hand pronouncements 0 
Committee C-1 with reference to alkalies 
in portland cement should be contrasted 
with the somewhat parallel case o 
magnesia. The controversy over the 
effect of magnesia in cement on the 
durability of concrete has been unde 
way for nearly a century; dozens 0! 
papers have been written on this subject 
based on thousands of tests, yet tt 
question has never been settled to 
satisfaction of anyone and the prope 
specification limit for MgO is st 
controversial. 

In my opinion the entire statement 0 
the 1941 Report of Committee C-l 
the effect of alkalies in cement on 
crete durability is unwarranted 


misleading. 
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REPORT OF COMMITTEE C-5 
ON 


A meeting of Committee C-5 on Fire 
Tests of Materials and Construction was 


limi- J eld on March 5, 1941, in Washington, 
with B.C. 
base 

w the I. New TENTATIVE STANDARD 

= For many years there has been need 
or  (orastandard method for testing wood 
eports chemically treated by impregnation to 
- only letermine its fire-retardant properties. 
dany i Since 1899 the City of New York has by 
ment: dinance required wood entering into 
5 was teconstruction of buildings exceeding a 
ce the  cettain height, in place of prescribed 
ly in» Meombustible interior finish, to be 
In no Ueated by some process (approved by 
| prior the building authorities) to render the 
single J “me fireproof.” The extensive use of 
lies in ood, in later years, in important proj- 

ects, such as the New York World’s 
onts of i fair, and in other fields, has decidedly 
alkalies Mcteased that need. The City of New 
trastel J ork, after trying several tests that had 
ase of fg en in use by the U. S. Navy Depart- 
ver the # “at, adopted a standard test developed 
on the y the former chairman of Committee 
under the late Ira H. Woolson. This 
zens “aidard, generally known as the “tim- 
subject, § “ test,” together with the earlier so- 
yet the ‘led “crib” and “shavings” tests, 
1 to the became one of the criteria of acceptance 
, proper treated materials. This test, like 
is stil  “ other two, had the advantage of 
‘quiring simple but rugged apparatus 

ement Wlable for prompt determinations and 
% been in use for many years. Ex- 
on cot tence, however, has shown that the 
ted at! “ults have not been entirely consistent 


and as early as 1927 a study was under- 
taken by a subcommittee of Committee 


235 


FIRE TESTS OF MATERIALS AND CONSTRUCTION 


tion the Tentative Methods of Fire Tests 


and appears in the 1941 Supplement to Book of A.S.T.M. 
Standards, Part II, p. 281. 


C-5 to develop a more satisfactory test. 
The method proposed as a result of this 
work, referred to as the “fire tube test,” 
gives well-defined distinction between 
treated and untreated wood and degrees 
of treatment, but requires specimens not 
readily obtainable from material de- 
livered for use. After several years of 
experimentation and discussion, no single 
method proved acceptable to a suffi- 
ciently large part of Committee C-5 to 
justify adoption. Hence, a study of all 
current testing methods including a 
modified “crib test” was undertaken in 
1937. Five cooperating laboratories, 
working independently, conducted an 
elaborate series of tests of treated and 
untreated wood the results of which are 
appended hereto in a Report on Com- 
parative Fire Tests of Treated and Un- 
treated Wood prepared by Subcommittee 
II on Fire Tests of Lumber (W. J. 
Krefeld, chairman). Based on this in- 
vestigation, Subcommittee II has 
prepared a proposed Tentative Method 
of Test for Fire-Retardant Properties of 
Wood as appended hereto.! On the 
recommendation of the subcommittee, 
Committee C-5 recommends, as a result 
of action taken at the meeting on March | 
5, 1941, that the method be accepted for 
publication as tentative. 


II. ADOPTION OF TENTATIVE STANDARD 
AS STANDARD 


At the annual meeting in June, 1940, 
Committee C-5 submitted for publica- 


1 This method was accepted as tentative by the Society 
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of Door Assemblies (C 152-40 T). 
Subcommittee III on Fire Tests of Wall 
Opening Protectives (A. L. Brown, 
chairman) has given further considera- 
tion to the tentative methods. No 
criticisms have been received. On the 
recommendation of the subcommittee, 
Committee C-5 recommends, as a result 
of action taken at the meeting on March 
5, 1941, that Tentative Methods C 152 - 
40 T be approved for reference to letter 
ballot of the Society for adoption as 
standard. 


III. ADOPTION AS STANDARD OF TEN- 
TATIVE REVISION OF STANDARD 


a In the 1940 report the committee 
presented a tentative revision* of the 
Standard Specifications for Fire Tests of 
Building Construction and Materials 
(C 19 — 33),* to which no objections have 
been advanced. In the case of two of 
the changes recommended last year, 
Subcommittee I on Standard Specifica- 
tions for Fire Tests of Materials and 
Construction (G. N. Thompson, chair- 
man) has recommended further modifica- 
tions. On the recommendation of this 
subcommittee, Committee C-5 recom- 
mends that the tentative revision of this 
standard, with the modifications as given 
below, be approved for reference to 
letter ballot of the Society for adoption 
as standard: 

Table I.—Change the proposed revised 
table to read as shown in the accompany- 
ing Table I by the addition of the 
italicized words and figures and the 
omission of those in brackets. 

Change the heading preceding Section 
22 to read as follows by the addition of 
the italicized words and the omission of 
those in brackets: 


Tests of [Finish] Protection for Combustible 
Framing, or for Combustible Facings on the 


21940 Supplement to Book of A.S.T.M. Standards, 
Part II, p. 194 


31940 Supplement to Book of A.S.T.M. Standards 
Part Il, 


p. 338. 
41939 Bcok of A.S.T.M. Standards, Part II, p. 152. 
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7 
Unexposed Side of Walls, Partitions, ang 
[Ceilings] Floors. 


Section 22.—In place of the proposed 
revision of this section substitute the 
following: 


22. Test panels carrying wall, partition, o 
floor protection shall be finished with the pro- 
tections which are the subject of the test, except 
that where the finish on the unexposed side js 
not the subject of the test and is not specifically 
indicated, the testing authority shall apply a 
finish judged suitable for the purpose. In ay 
a floor construction as installed for actual us 
is to have no finish on the unexposed side, it 
shall be so tested. 


TABLE I. 


Water 
: Pressure 
_ Resistance Period 


8 hr. and over...... 

4 hr. and over if less than 8 hr... 

2 hr. and over if less than 4 hr... 

{1 hr.] 11/2 hr. and over if less 
than 2hr........ 

{Less than] 1 hr. and over if less 
than 11/2 hr. (if desired). . 


IV. TENTATIVE STANDARDS CONTINUED 
AS TENTATIVE 


Revisions in the Tentative Specifia- 
tions for Fire-Retardant Properties o 
Wood for Scaffolding and Shon; 
(C 132-40 T) were proposed and 
cepted at the 1940 annual meeting 
Subcommittee IV on Fire Tests 0 
Scaffolding (W. B. White, chairman 
reported at the meeting of Committee 
C-5 on March 5, 1941, that no comments 
or criticisms of the tentative standart 
had been received and recommentti 
that the specifications be submitted 
the Society at the annual meeting 1 
adoption as standard. At the meetin 
of the main committee, however, it ¥# 
voted that the specifications be 
tinued as tentative for another year ” 
the ground that the small difference” 
weight loss in the timber test betwe# 
well-treated and untreated mater 
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ia king it necessary to set the limit (30 TABLE II.—ANALYSIS OF LETTER BALLOT VOTE. 
percent) at a figure that can be met by o- 
treated wood, made the criterion of Items ative 
posed Voting”’ 
te the jp septance of doubtful value, and on the 
further ground that other methods of _ 1. New Tentative Stanparp 
wsting might be adapted to advantage Hite Retardant Prop- 
ion, ot for the purposes of the specifications. II. ADOPTION or TENTATIVE 
he pro- STANDARD AS STANDARD 
excey, The recommendations appearing in fire Tests of Door Assemblies 
| side ig this report have been submitted to letter (C 182-40T)............... 
cifically allot of the committee which consists of ADOPTION Aas Stanparp 
apply: 3) members; 26 members returned their Spec. for Fire Tests of Build- 
In cas i ‘ ing Construction and Ma- 
allots, with the results shown in terials (C 19 - 33; ASA A 2- 
tual use Table Il 1934), as revised............. 24 1 1 
side, it 


Respectfully submitted 0 on behalf of 


This report has been submitted to the committee, 


etter ballot of the committee which 
sists of 32 members; 24 members 
returned their ballots, all of whom have 


voted affirmatively. | 


R. P. -MILLER, 


Chairman. 
H. M. Rosrnson, 
Secretary. 
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REPORT ON COMPARATIVE FIRE TESTS OF TREATED AND 
UNTREATED WOOD 


REPORT OF SUBCOMMITTEE II ON FIRE TESTS OF ss) 


= 


INTRODUCTION 


The scope of activities assigned to 
this subcommittee by Committee C-5 
according to the minutes of the meeting 
of July 3, 1936, is as follows: 


The preparation of specifications governing 
fire tests to determine the fire hazard of com- 
bustible materials, both natural and treated 
to render them more fire-retardant, applicable 
to materials used in the interior finish of 
buildings and not to those elements on which 
the stability of the building is dependent; 
not to be limited to materials treated by any 
one specified process, but to include test 
methods applicable to untreated lumber as 
well as to lumber and other materials treated 
by impregnation, surface application, or other 
means of diminishing the fire hazard of the 
natural material. 


The subcommittee has confined its 
present attention to test procedures for 
the determinination of the effectiveness 
of fire-retarding treatments of lumber 
by impregnation. While certain tests 
for this purpose have been employed and 
recommended, the data available to the 
committee was inconclusive for the for- 
mulation of a standard procedure. At 
the 1937 meeting, this subcommittee 
agreed to conduct a series of comparative 
tests to include various procedures simi- 
larly conducted by different laboratories. 
In thus acquiring reliable data, the 
primary purpose was the comparison of 
(/) the sensitivity of the test methods to 
different degrees of chemical treatment 
applied to different species of wood, and 
(2) the reproducibility of results obtained 


by different laboratories on material re. 
ceiving similar treatment. 
Five laboratories cooperated in the 
test program: namely, 
Forest Products Laboratory, 
National Bureau of Standards, 
Wood Preserving Corporation, 
Protexol Corporation, and 
Civil Engineering Research Labon- 
tories of Columbia University. 
The materials subjected to test were 
furnished by the National Lumber 
Manufacturers Association. 


OUTLINE OF TESTS 


The test methods included in this 
investigation were as follows: 

1. New York City “Crib Test,” 

2. New York City ‘“Timber Test, 

3. “Fire Tube Test” developed by 
the Forest Products Laboratory, 

4. “Special Crib Test” developed 
by the Columbia University labor 
tories, and | 

5. “Flame Spread Test” developed 
by the National Bureau of Standards 


The New York City “crib” and “tim 
ber” tests were conducted essentially 
as prescribed in the New York City 
Building Code. These tests have beet 
applied for over 30 yr. for the approval 
of impregnated fire-retardant wood 
primarily as interior trim. ‘The fire tule 
test! has been used by the Forest Prot 
ucts Laboratory, National Bureau © 

1“A New Test for Measuring the Fire lg oe 


Wood,” by T. R. Truax and C. A. Harrison, Ly 
Am. Soc. Testing Mats., Vol. 29, Part II, p. 973 
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Standards, and other agencies and in 
1930 was published as information by the 
AS.T.M. as a Proposed Method of Test 
for Fire-Retardant Treated Wood.? The 
“special” crib test was given this desig- 
nation to differentiate this new form of 
crib test from that previously used. 
Complete instructions for the conduct 
of each of the first four tests enumerated 
above were furnished each of the co- 
operating laboratories. The flame 
spread tests were conducted by one of 
the laboratories as a supplementary 
gties. Only a brief outline of the vari- 
ous test procedures will be given here to 
indicate the type of apparatus, speci- 
men, procedure, and data recorded. 
Photographs of the essential apparatus 
are shown in Figs. 1, 2, and 3. 
New York Crib Test: 


Specimen.—Twelve pieces, 3 by } by 6 in. 
Apparatus.—A ring stand support with a 
sin. diameter ring supporting a flat wire 
screen, 7 in. square, composed of 4-in. mesh 
made of No. 18 gage wire. A Tirrill or com- 
mon bunsen burner, ? in. in inside diameter, 
protected from drafts by a cylindrical, No. 24 
gage sheet iron sleeve, 3 in. in diameter and 
6 in. in height, attached to the burner with 
its top approximately 54 in. above the burner 
mice, 
Procedure.—Tests were made under a 
imace hood to avoid drafts. The burner 
ith the sleeve in place is adjusted to give a 
ame approximately 7} in. in height and having 
‘temperature of 1700 + 25 F. at its hottest 
point as measured by a No. 18 gage chromel- 
lumel thermocouple. The twelve test pieces, 
previously weighed, are placed on the wire 
reen in three tiers, each containing four 
eces, spaced } in. apart with the pieces of 
ich tier placed perpendicular to those below 
it, thus forming a crib approximately centered 
over the supporting ring. ‘The pieces forming 
the crib are placed at random with respect 
'o surface condition. The burner with sleeve 
in place is so placed that the orifice of the 
‘urner tube is 6 in. below and directly under 
the center of the crib. The burner flame is 
applied for a period of 2 min. 
. Observations. Observations are made of 
he following: maximum height of flame, dura- 


. 463 (ison Am. Soc. Testing Mats., Vol. 30, Part I, 
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tion of flame after removal of burner, duration 
of glow after flaming has ceased, and weight 
of crib remaining, including charcoal, after all 
flame and glow has ceased. Percentage loss 
in weight is computed. 


Timber Test: 


S pecimen.—Two pieces by 1} by 10 in. 

Apparatus.—A crucible gas furnace with 
opening 6 in. in diameter, substantially 
similar to that described in the Tentative 
Specifications for Fire-Retardant Properties 
of Wood for Scaffolding and Shoring (A.S.T.M 
Designation: C 132-37 T) of the American 
Society for Testing Materials.* 

Procedure.—The temperature of the furnace 
is measured by a No. 8 gage chromel-alumel 
thermocouple placed with its junction at the 
center of the furnace opening and 1 in. below 
the plane of the top surface on which the 
specimens are laid. After ignition of the gas, 
the furnace opening is wholly covered by two 
fire bricks and a third brick is laid across the 
rear end to serve as a stop for the end of the 
test specimen when placed over the crucible 
opening. The furnace is maintained at a 
temperature of 1700 + 25 F. with a minimum 
amount of gas in the air-gas mixture used. 
After a stable furnace condition is reached, 
the covering bricks are separated and the two 
specimens laid flatwise, side by side, across the 
furnace opening. The specimens are placed 
snugly together and the flanking brick moved 
up closely so as to completely cover the fur- 
nace opening. Prior to the test the speci- 
mens are weighed and sectional dimensions 
measured. After 2-min. exposure the speci- 
mens are carefully withdrawn and placed in a 
parallel position with at least 6 in. clear space 
between them and with burned faces upward, 
across angle irdn supports. This placement 
should be under a fume hood to avoid side 
drafts. 

Observations.—Observations are made of 
the duration of flame and of glow after flaming 
has ceased. After glow has ceased the speci- 
mens including charcoal are weighed and per- 
centage loss in weight computed. The speci- 
mens are then scraped free of charcoal with a 
dull knife, cut square across at the point of 
greatest sectional reduction and the remaining 
sectional area measured. The percentage 
reduction of area is computed. 


Fire-Tube Test: 


Specimen.—One piece, } by ? by 40 in. 
A pparatus.—Details of the apparatus are 
given in the cited reference.! Essentially it 


31939 Book of A.S.T.M. Standards, Part II, p. 951. 
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consists of a galvanized iron tube 3 in. in 
diameter and 38 in. in length, with 3 in. holes 
in the side throughout its length, and having 
,cage bottom. This tube is suspended on 
inife edges from a weighing beam provided 
with a pointer which moves across a chart as 
the weight of the specimen changes. By 
suitable adjustment, the pointer will swing to 
the zero line of the chart when the test speci- 
men is in place. With loss in weight of the 
gecimen during test, readings of the pointer 
on the chart give the percentage loss in weight. 
The specimen, provided with a small hook at 
one end, is suspended within the tube. A 
No. 18 gage thermocouple is attached to the 
weighing beam so that the hot junction is 1 in. 
above, and directly over, the center of the 
tube. A low-form bunsen burner provides 
the ignition flame which is applied to the 
lower end of the suspended specimen. 
Procedure.—After checking the adjustment 
of the apparatus and properly balancing, the 
previously weighed specimen is suspended in 
the tube and the chart adjusted to zero read- 
ing. The gas burner is adjusted to give a 
blue flame 11 + 3 in. in height with a tall 
indistinct inner cone and a temperature of 
100 + 25 C. at the hottest point of the 
fame and 180 + 5 C. at the center of the top 
of the tube. These temperatures are meas- 
The 


wed with a No. 18 gage thermocouple. 
bumer is placed with its top 1 in. below the 
bottom of the specimen and directly beneath 
it, The gas flame will envelop the lower end 
ofthe specimen and, if the specimen warps, 
the flame is moved by the operator so that it 


plays directly on the specimen. The burner 


fame is removed after 4 min. 
Observations—The percentage in 
weight and top temperature are recorded at 
tervals of 30 sec. until 2 min. after flaming 
stops. Observations are made of the follow- 
ig: maximum loss in weight, loss of weight 
when flaming ceases, maximum temperature, 
duration of flame, and duration of glow of 
wspended specimen or charcoal retained in 
age at bottom of tube. Data computed from 
these observations include the area under the 
Ume-temperature curve (above the 180 C. 
ne), and maximum rate of weight loss in 
percentage per minute. 


“Special” Crib Test: 


Specimen.—24 pieces, } by 4 by 3 in. 

Apparatus.—The equipment consists of a 
Pecially designed percentage-loss scale having 
*sale pan provided with a permanently fixed 
"ue frame for holding the crib specimen and 
‘movable cylindrical shield which surrounds 


ba er 
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the specimen during test. A Meker burner 
provides the exposure flame. The weighing 
scale is self-contained in a case 3} by 18 by 12 
in. with a semicircular aperture in one side 
through which the chart and moving hand 
may be viewed. The reading of the hand on 
the chart is similar to an ordinary meter or dial 
indicator. The chart is adjustable, by means 
of a knob on the face of the case, for zero 
reading and, as designed for these tests, is 
capable of accommodating specimens ranging 
from 110 to 280 g., original weight. An ad- 
justing knob is provided for no-load position 
of the indicating hand and a lock to prevent 
oscillation of the scale when not in use. A 
scale pan, 7 in. in diameter, over the top of the 
scale case supports a permanently attached 
wire frame. The four vertical legs of this 
frame are spaced about 4 in. apart near the 
bottom and 2 in. apart in the upper section. 
Horizontal wires are attached to the legs at the 
top and bottom of the narrower section of the 
frame. The wider space within the lower 
part of the frame permits a burner to be placed 
directly under the crib specimen which is 
placed in 12 tiers of two pieces each on the 
transverse wires provided. This frame facili- 
tates the spacing of the pieces and duplication 
of specimen placement as well as maintaining 
an easily reproducible position of the specimen 
with reference to the burner flame. A Meker’ 
burner with a grid 2 in. in diameter is attached 
to a swinging arm with bearing support at- 
tached to the shield supporting stand. This 
burner can be adjusted for elevation and a 
stop latch on the swinging arm support can be 
adjusted so that the burner, when moved for- 
ward, will be exactly centered under the crib 
specimen and a definite distance below it. 
Remova! of the burner is accomplished by 
swinging the arm outward. The cylindrical 
shield, 8 in. in diameter by 12 in. in height, 
can be moved vertically on a guide bar support 
attached to the bench, adjacent to the weigh- 
ing scale. A conical top with 3-in. opening 
is attached to the cylindrical section and a 
thermocouple is permanently mounted } in. 
above this top opening. The front of the | 
cylindrical section of the shield is provided 
with a mica observation window. This shield 
is placed symmetrically around the test 
specimen in the wire frame at a constant 
elevation. 

Procedure.—The test pieces taken at ran- 
dom are placed in the wire frame in 12 tiers, 
each containing two pieces 1 in. apart with 
pieces in each tier placed perpendicular to 
those below. The first three tiers are placed 
on transverse supporting wires. The spacing 
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of pieces in the crib is duplicated by placing 
each piece in contact with the vertical wires 
of the frame, permitting approximately equal 
overhang at the ends. The weighing scale is 
set to zero reading as required by the initial 
weight of the specimen. The Meker burner 
is adjusted to produce a blue flame 10 + 4 in. 
in height having a temperature of 1800 + 
25 F. at a point 1} in. above the grid, as 
measured with a No. 18 gage chromel-alumel 
thermocouple. The temperature at the top 
of the shield is then 600 + 15 F. after a short 
period of warming. ‘The burner, previously 
adjusted so that the grid is 14 in. below the 
crib, is swung into position, thus applying the 
flame to the specimen without further manipu- 
lation. The flame is applied for 3 min. 
Observations.—Percentage loss in weight 
and top temperature are recorded at intervals 
of 30 sec. until successive readings show a 
weight loss of less than 0.5 per cent (or until 
glow has ceased); readings are taken to 0.5 
per cent or less. Observations are made of 
the following: maximum weight loss, loss of 
weight when flaming ceases, maximum tem- 
perature, duration of flame, and duration of 
glow of remaining crib or of such pieces as may 
fall into the scale pan. Computed data in- 
clude the area under the time-temperature 
curve (above the 600 F. line), and the maxi- 
mum rate of weight loss in percentage per 
minute, 


Flame Spread Test: 7 


This test was conducted by laboratory F 
only, as a series supplementing the other 
comparative tests. 

Specimen.—One piece, } by 3? by 18 in. 

A pparatus.—A ring stand support suitable 
for suspending the 18-in. specimen vertically 
over a 3-in. Tirrill burner. Tests are made in 
a room free from drafts or with an open-front 
shield around the specimen. 

Procedure.—The specimen is suspended in 
a vertical position with its lower end 2 in. 
above the top of the 3-in. burner, regulated 
to give a flame having a small inner cone and 
producing 3000 Btu. per hr. The flame is 
applied for 1 min. 

Observations.—Observations are made of 
the following: loss in weight by weighing 
before and after test, maximum height of 
flame, duration of flame and glow. 


MATERIALS 


In order to afford the means of com- 
paring the sensitivity of the various test 
methods, it was desirable to include 


species of wood that would provide a 


— follows (see also Table I): 
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range in density and susceptibility to 
treatment. In view of the large amount 
of data to be obtained, the program was 
limited to three species: namely, south- 
ern yellow pine (sapwood), white oak 
(heartwood), and yellow poplar (heart. 
wood). These species differ in density 
and natural resistance to combustion, 
While the pine was expected to take 
uniform treatment, some variations were 
probable in the poplar, and also the oak, 
which is known to be difficult to treat 
thoroughly and was expected to have 
only partial retention of _ treating 
chemical. 

In the selection of type of treatment, 
it was not intended to compare the 
effectiveness of different formulas. For 
the purpose of these tests, solutions of 
ammonium salts (ammonium sulfate, § 
per cent, and monoammonium pho- 
phate, 20 per cent) were used for all 
treatments except for one series of pine 
specimens which was treated with 2 
solution of borax (100 per cent). The 
schedule of treatment with various 
concentrations of the above salts was.as 


Concentrationsof Treatments, 
per cent 
Ammonium Sul- 
fate, 80 per cent | Bora 
and Monoammonium. 100 per 
Phosphate, 20 per | cent 
cent 


Species 


Southern yellow pine (sap- 


0, 2.5, 7.5, 12.5 
0, 5, 12.5 


0, 12.5 


The inclusion of one series treated W! 
borax was intended to provide anothe! 
means of comparing the different te 
methods, since this salt is not effective 
preventing continued glow after flaming 
has ceased. 

After treatment of the boards from 
which test specimens were P' 
samples were cut transversely from @ 
board for examination of distribution 
fire retardant. Quantitative determi 
tion of distribution was not attempt 
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y to. & From the discoloration produced by bak- poplar boards treated with a 5 per cent 
ount [ ing the specimens containing ammonium concentration of solution and in white 
was alts, the 12.5 per cent concentration of oak boards treated with a 12.5 per cent 
«lution appeared to distribute the fire- solution. 

oak @ retardant salts rather uniformly through- Inasmuch as each of the five labora- 
eart- [wt the pine and poplar boards, but little tories conducted four different types of 
nsity [beyond the surface of the oak boards. test (plus an additional series by labora- 
stion. 


take TABLE I.—TREATMENTS OF TEST BOARDS. 


Nore 1.—Test boards were treated with solutions of ammonium salts (ammonium sulfate, 80 per cent, monoammonium 
shosphate, 20 per cent) of the concentrations shown; except that the 5.6 per cent concentration represents treatment with 


were 


» oak ;wlution of anhydrous borax in that percentage by weight. . 
Oak, Nore 2.—Absorption values are expressed as the weight in pounds of dry salt retained after treatment per cubic foot 
ood. 
= Nore 3.—Specific gravity is based on the air-dry weight (65 per cent relative humidity at 80 F.) and the air-dry volume. 
ave 
; SouTHERN YELLOW PINE, SAPWOOD 
Untreated | 2.5% Concentration | 7.5% Concentration | 12.5% Concentration | 5.6% Concentration 
ment, 'y | Board Sp. Board | Sp. Sp. Ab Board! Sp. =. Boar 
e the No. Gr. | No. | Gr. : No. Gr. : No. | Gr. | ‘tion | No- : 
For -A | 0.503 | 2-A | 0.600| 1. 0.556 | 3.35 5.71 | 1-A 2.48 
ons ol | 0.545 | 2-B 579 | 1 0.574 | 3.32 5.65 | 1-B 2.53 
ite, 8!) 0.546 | 29-A | 0.572 | 1 0.535 | 3.30 5.51 A 2.57 
phos. 0.508 | 29-B 599 | 1 0.553 | 3.24 5.66 B 2.62 
for all 0.541 | 44-A 598 | 1 0.561 | 3.23 5.62 2.48 
: 0.505 | 44-B 1 0.537 | 3.27 5.53 2.52 
f pine 0.542 | 50-A 1 0.536 | 3.32 5.58 2.41 
vith a 0.590 | 50-B 1 0.553 | 3.29 5.60 2.46 
The 0.606 | 53-A 1 0.556 | 3.28 5.75 2.46 ‘ 
. 0.600 | 53-B 1 0.565 | 3.26 5.60 2.52 
was.as YeELLow HEARTWOOD Wuite Oak, HEARTWOOD 
Untreated 5.0% Concentration 12.5% Concentration Untreated | 12.5% Concentration < 
reatments, Sp. Sp. Board Sp. Board Sp. 
A 0.501 8-A 5-A 11-A ° | 
Jae B | 0.514 8-B 5-B 11-B | 
| = A | 0.503 10-A 12-A 16-A 1.73 
, xe B | 0.488 10-B 12- 16-B 1.67 
; -A | 0.444 13-A 17-A 2.09 
1. -B | 0.448 13-B 17-B 2.01 
oe -A 0.518 23-A 18-A 1.43 
— -B 0.536 23-B 18-B 1.36 
ted witl -A | 0.482 24-A 21-A 1.50 
17-B | 0.486 24-B 21-B 1.49 
another 
ent test 
ective id 5 per cent concentration of solu- tory F) for each concentration of 
‘flaming ‘in pine afforded a distribution less treatment, it was obviously impossible 
- ‘llorm than the 12.5 per cent but much to obtain all test specimens for a single 
ds étthan the 2.5 per cent in pineorthe board. This necessitated care in the 
*t cent in the poplar where there was __ selection of boards so that the five pine 


‘om i ‘Pparently little retardant in the central _ boards, three poplar boards, and two oak 
ution ~ of the boards. Figures 4 and 5 boards from which test specimens were 
“ow the distribution obtained in yellow prepared for any one laboratory would 
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(a) Boards treated with a 5 per cent solution of ammonium sulfate, 80 per 
cent,and monoammonium phosphate, 20 per cent. 


Unused Part, 


Untreated Boards 


(b) Untreated boards. 
Fic. 4.—Distribution of Fire-Retardant Chemical in Yellow Poplar Boards. 


» . 
| 
| i 
4 
| 
! 
. 


eo COMPARATIVE FIRE TESTS OF Woop 


(a) Boards treated with a 12.5 per cent solution of ammonium sulfate, 80 
per cent,and monoammonium phosphate, 20 per cent. 


Unused Part, 


Untreated Boards 


(b) Untreated boards. 
Fic. 5.—Distribution of Fire-Retardant Chemical in White Oak Boards. 


if 


be closely similar in density, uniformity 
of treatment, etc., and also as nearly as 
possible the same as those used by each 
of the other laboratories for the same 
tests. This meant that 25 pine boards, 
15 poplar boards, and 10 oak boards were 
required with similar treatment and 
natural characteristics. A_ sufficient 
number of boards were selected, and 
about twice the required number were 
treated so that after final selection a 
reasonable uniformity resulted in the 
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DISTRIBUTION OF 
FIRE RETAROENT 
2 


the same board. Thus, the various tes; 
made by any one laboratory On a singe 
treatment and species were directly 
comparable; while similar sets of spec. 
mens for other treatments were take, 
from other boards, variations due ty 
natural characteristics and uniformity 
of treatment were minimized by careful 
selection. The stock consisted of boarts 
? in. in thickness by 12 ft. 0 in. in length 
and surfaced on four sides. Oak anj 
poplar boards were 10 in. in width, and 


SAMPLES FOR 3 PAIRS~TIMBER 
MOISTURE SPECIMENS 
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“25-CRIB TEST SPECIMENS 


\6-CRIB TEST 


mo. 


3 PAIRS TIMBER TEST SPECIMENS 12. 
368 


6-0 — 


6-FIRE TUBE TEST SPECIMENS 
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48-SPECIAL CRIB JEST SPECIMENS 


OR INGBERGS SPECIAL SPECIMENS 
(368-485) 
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_ NOTE: STOCK FOR ALL CRIB TEST SPECIMENS TO BE REDUCED TO $ THICKNESS BY PLANING 


THE ENTIRE £ FROM ONE SURFACE. 
UNUSED CRIB TEST SPECIMENS SHOULD BE USED FOR MOISTURE DETERMINATIONS. 


CRIB mes? SPECIMENS $16" 


wastt 


THE ORIGINAL /2°0° BOARD WAS CUT AT A-A. 


Diagram for Cutting Fire Test Specimens from Two Halves of a Board } in. by 74 in. 
0 in. in dimensions. 
(Showing location of marking on the unsurfaced side of board No. 36.) 


specimens furnished among and within 
laboratories. The specific gravity and 
retention of retardant for each board is 
recorded in Table I which shows the 
treatments of test boards. The ma- 
terials, furnished by the National Lum- 
ber Manufacturers Association, were 
selected, treated, and cut into the vari- 
ous test specimens by the Forest 
Products Laboratory. 

As previously indicated, different test 
specimens were required for each of the 
five tests conducted. Six test specimens 
were prepared for each type of test from 


the pine boards were 7} in. in wit 
These were cut in half, forming 6 
lengths, which were treated, dried, 4 
cut into the individual pieces requite 
The location of the ne 
specimens in the original board, for 
treatments, is shown on the cuttin 
diagram, Fig. 6. Sufficient material 
provided, either as extra length or ex 
pieces, for determination of the moistut 
content at the time of test. All of 
specimens were ripped to width wit! 
fine circular saw, without further p! 
ing, and all crib specimens were cut fr 
one face with a tolerance in dimensio! 
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‘tests BH of less than gy in. All samples were* 
singe conditioned in the Forest Products 


Laboratory at a temperature of 80 F. in 
an atmosphere having a_ relative 
humidity of 30 per cent, resulting in a 
moisture content of approximately 7 per 
cent in the untreated wood and slightly 
higher in the treated samples, due to the 


presence of the absorbed salts. The cut 

ength, gecimens, suitably bundled and marked, 

aid  yere wrapped in waterproof paper for 
and 


shipment to the respective laboratories. 
It was hoped that all materials brought 
to equilibrium by the above condition- 
ing would not vary in moisture content 
when treated by more than plus or minus 
jpercent. The actual test records show 
that the moisture content was generally 
within these limits. As a check on 
changes in moisture, each bundle of 
secimens was weighed before leaving the 
Forest Products Laboratory so that each 
testing laboratory could determine the 
dition of the sample before test. 

It should be noted that all reasonable 
precautions were taken to provide uni- 
orm materials for these tests. Absolute 
informity in a material such as wood 

nnot be expected, and some variations 

the retention of retardant chemical 
been noted. The sensitivity of the 
us test methods in detecting such 

‘lations is indicated by the test results. 


. by 


Test DATA 


In conducting each of the tests, six 
ccimens were tested. One of these 
eimens, according to the program, 
sused as a practice specimen, and the 
1 from the remaining five were re- 
rted for the record (mn = 5). The large 
imber of individual observations re- 
tded will not be presented here. 


th with # ables II to XXIII give the maximum, 
her at (minimum values, also the average, 
cutie" and the standard deviation, o, for 


“ach set of specimens as determined by 
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each of the testing laboratories. The 
several laboratories are designated as 
laboratories C, F, W, B, and P. The 
board numbers, specific gravity, mois- 
ture content of the specimens before test, 
and retention of retardant chemical are 
shown. The grand average X of each 
variant, the average standard deviation, 
g, and the coefficient of variation, v, are 
included in the summary of data. These 
tables include the essential data required 
for analysis. 


ANALYSIS OF DATA 


An examination of the data indicates 
that the results obtained by the different 
laboratories vary considerably for some 
of the treatments and species. On the 
whole, the reproducibility within samples 
taken from the same board and under 
one test condition is better than between 
laboratories. Before making compari- 
sons of test methods, it was necessary to 
determine the extent of variations in the 
results for each test. A statistical anal- 
ysis was made of some of the data for 
evidence of “control” that is, information 
indicating whether the variations be- 
tween observations are due to “chance” 
causes or whether other assignable 
causes are responsible. Such analyses 
were made of the average values of final 
percentage of weight loss obtained in the 
four tests conducted by all laboratories 
and the maximum temperature observed 
by all laboratories in the fire-tube and 
“special” crib tests. These two obser- 
vations are the most dependable and 
serve to indicate the extent of variations 


which may be due to the samples or 


test method. 

In the study of the variability of the 
individual observations and the averages 
of the various samples, two functions of 
the data containing the essential infor- 
mation have been employed: namely, the 
average, X, and the standard deviation, 
o. The average, X, is the arithmetic 
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TABLE II.—FINAL WEIGHT MSS IN FIRE TUBE TESTS. 


Note 1.—Values for fina! weight loss are given as percentages of the weight of the specimen. 
Nore 2.— For information on treatments of test boards, see Table I. 
‘ — 3.—Absorption values are expressed as the weight in pounds of dry salt retained after treatment per cubic foot 
of wood. 
Nore 4.—Specific gravity is based on the air-dry weight (65 per cent relative humidity at 80 F.) and the air-dry volume 
Norte 5.—The symbols used are as follows: X = average,o = standard deviation, and v = coefficient of variation. |, 
each case five specimens were tested. ia 
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SOUTHERN YELLOW PINE, 7.5% CONCENTRATION YELLOw Poptar, UNTREATE! 


Board No.... 6 | 28 15 

Sp. gr. 0.553 0.565. 0.537, 0.565 0.553 
oisture, per cent 9.2 | 7.0 | 7.8 | 8.65 6.54 | 7. 

Absorption 3.29 | 3.33 3.20 3.26 3.30 3.276 


Weight loss, per cent: 
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SouTHERN YELLOW PINE, 5.6% CONCENTRATION BORAX Popiar, 12.5% CONCENTRATI 
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Control Charts —Special Crib Tests—Final Weight Loss a 
Fic. 7.—Final Weight Loss Control Charts for Fire Tube Tests and “Special” Crib Tests. = 
1.—Values of average, X, and standard deviation, ¢, are expressed as percentages of the weight of the specimen. 
2.—The values following the names of timber species designate concentrations of ammonium salts used in the various 


treatments of test boards. The borax concentration was 5.6 per cent. 
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Control Chorts—New York —.:b Tests—Final Weight Loss 


Fic. 8.—Final Weight Loss Control Charts for Timber Tests and New York Crib Tests. 


Norte 1.—Values of average, X, and standard deviation, ¢, are expressed as percentages of the weight of the specing 
Nore 2.—The values following the names of timber species designate concentrations of ammonium salts used in the varie 
treatments of test boards. The borax concentration was 5.6 per cent. 
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Control Charts — Fire Tube Tests — Maximum Temperature 
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Control Charts Special Crib Tests-Maximum Temperoture 


9.—Maximum Temperature Control Charts for Fire Tube Tests and “Special” Crib Tests. 


T Note 1. Values of average, X, and standard deviation, o, are in degrees Fahrenheit. __ . 
he values following the names of timber species designate concentrations of ammonium salts used in the various 


treatments of test boards. The borax concentration was 5.6 per cent. _ Mery 


251 
| 
| 
-- -- 160044- -- 299 
AL - - 1200 600 200 
12.5% Ook -O Oak-12.5 %o Poplar-5.0% 
Poplar -O ams 
300 
_ 13004, 
Pine-O Pine-2.5% Pine -7.5% 
100 100 
ss 
ests. 


mean of the set of observations and 
serves the purpose of summarizing in a 
single value the magnitude of the set of 
observations on the scale of measure- 
ment. It provides a measure of the 
central tendency of the observations. 
The standard deviation, o, is a measure 
of the dispersion or scatter of the obser- 
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the summary tables represents 
standard deviation expressed as a be. 
centage of the average of the obsery:. 
tions and serves to compare relatiy: 
variability. The “range” indicated }y 
the maximum and minimum val 
shown in Tables II to XXII is anothe, 
measure of dispersion. 


TABLE III.—-DURATION OF FLAME IN FIRE TUBE TESTS. 


Note 1.—Values for duration of flame after removal of the burner are given in minutes. 
Norte 2.—The data in this table were obtained from the specimens referred to in Table II. In each case five spec, 


mens were tested. 
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SouTHERN YELLOW PinE, UNTREATED 


Waite Oak, UNTREATED 


1.80 
0.40 
0.70 
0.55 
78.6 


SouTHERN YELLOW PINE, 2.5% CONCENTRATION 
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0.33 | 0.11 
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YELLOw Pop ar, 5.0% CONCENTRATION 


0 
0 
0 
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SOUTHERN YELLOW Pine, 5.6% CONCENTRATION 


vations from the central value. The 
standard deviation is defined mathemati- 
cally as the square root of the average of 
the squares of the deviations of the 
observations from their arithmetic mean 
(root-mean-square). ‘The significance of 
the standard deviation is similar to that 
in mechanics of “the radius of gyration 
of a set of m equal particles, with respect 
to a given centroidal axis.” The value 
of the coefficient of variation, v, shown in 


Ye ttow Poprar, 12.5% ConcentRatios 


Control charts provide a conveniet 
means of studying variations. Figuté 
7, 8, and 9 show control charts for weigit 
loss and maximum temperature. 
plotted points represent the observe 
average values, X, and the standat 
deviations, ¢, with the center line indi 
cating the grand average X and the 
average standard deviation, 6. The 
upper and lower limits within whict 
variations may be assumed to be due t 
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chance causes were determined in ac- 
cordance with the recommended pro- 
cedure.* It should be noted that 
variations within such limits might 
ordinarily be expected for random sam- 
oles from homogeneous materials. The 
limits are based upon the standard 
deviation, the number of observations 


species and specific gravity vary over a 
wide range. The susceptibility to treat- 
ment, other factors remaining the same, 
introduces further differences. It there- 
fore does not seem reasonable to predi- 
cate control limits for results observed 
on different boards on the average 
standard deviation obtained from results 


TABLE IV.—DURATION OF GLOW IN FIRE TUBE TESTS. 


Note 1.—Values for duration of glow after flaming has ceased are given in minutes. 
Nore 2.—The data in this table were obtained from the specimens referred to in Table II. In each case five speci- 


mens were tested. 
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- 5), and constants which, in the 

of manufactured products, are 
éfmined by experience or economic 
ts. While the wood samples used 
this investigation were selected with 
, it is known that the physical 
erties of natural wood of any one 


Control Chart” Method of Analysis and Presenta- 
2! Vata, Supplement B, A.S.T.M. Manual on Pres- 
; ~ Data, Proceedings, Am. Soc. Testing Mats., Vol. 
Te 1418 (1935), also available asa separate re- 


Mt” ird Printing, August, 1940, reprinted, March, 


| YELLOW Poptar, 12.5% CONCENTRATION 


| 25.11 | 20.33 | 0.07 | 
0.033' 0.02 | 
0.033, 0.032 
0 | 0.019 
0 | 59.4 


on samples all taken from the same 
board. ‘The final weight loss data shows. 
that the standard deviation o, of the 
averages, X, between laboratories is 
larger than the average standard devia- 
tion, ¢, within samples by approximately 
67 per cent for the fire tube test, 56 per 
cent for the “special” crib test, 131 per- 
cent for the timber test, and 87 per cent 
for the New York crib test. In the case 
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of the maximum temperature observa- 
tions, these statistics are about the same 
for the pine and oak, but in the case of 
the poplar samples, the standard devia- 
tion, oz, of the averages X, is about 140 
per cent larger than the average standard 
deviation, ¢, within samples. The con- 
trol limits to be applied in studying 
these data might be based on experience 


TABLE V.—MAXIMUM TEMPERA 

Nore 1. 

Nore 2.—The data in this table were obtained from the s 
mens were tested. 
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with the material employed, and arbi- 
trarily assigned. The limits shown on 
the charts are based on the data. The 
limits for standard deviations are based 
on the average standard deviation ¢ (0 
and 2.128¢ for m = 5) and those for 
average, X, are based on the standard 
deviation of the X values, o, (plus or 
minus 1.5960, for m = 5). 

These charts indicate the presence of 


TURE IN 
Values for maximum temperatures are given in degrees Fahrenheit. 
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variations in the test results due }) 
assignable causes. To what extent they 
variations are due to differences in the 
sample, inherent characteristics of the 
test method, or departure from uniform 
procedure is difficult to differentiate; by 
at least some of the possible causes cay 
be inferred from the data and reported 
difficulties encountered by the exper. 
FIRE TUBE TESTS. 


pecimens referred to in Table II. In each case five spe 


Aver- 
age 


c | 


| W | B | p | Ave: 
age 
Oak, UNTREATED 

1592.6 
1448.6 
1520.4 
83 53.20 
$8 3.50 


1590 |1670 
1330 1355 
1456 1492 
110.2 | 120.1 
7.57, 8.05 


1544 
1454 
1510 
30.3 
2.00 


1515 

1212 1430 

1409 1478 
108.04) 67.35 8.2 
7.66, 4.56 5 


1610 


Waite Oak, 12.5% CONCENTRATION 


1377.6 
1209.6 
1296.8 
85, 72.81 5.25 


1415 1418 
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1369 1045 
50.20) 335.3 
3.67; 32.10 


1391 1311 

1101 
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5.81 


1380 1383 

1200 1024.4 

1292 |12%.4 
57.41) 128.4 
4.4 1 


YELLOW PopLar, UNTREATED 


1233 

1335 
59.56 31.05 
4.46, 2.25 


1364 
1292 
1321 
27.0 
2.09) 


490. 
365. 
440. 
-28 44. 
46 10. 


1615 

158C 

1599 
11.58 
0.72 


1490 
1418 
1458 
21.0 
1.44) 


1418 


YELLOw Poptrar, 5.0% Concent 
1212 700 

| 596 555 
831 643 
225.02 76.39 
27.10 11.87 


| 554 
365 
473 

61.0 
12.90 


395.4 
333.8 
357.4 
66, 21.81)) 
18 6.10)| 


1300 

|| 665 

||1095 
223.16 
20.39 


1382 

878 

1261 
193.50 
15.32 


YELLOW Poptar, 12.5% CONCENTRAT 


| 375 
325 | 380 
349 358 
15.84) 10 
4.54) 2 


712.8 
433.2 
538.8 
86, 101.66 
-93) 18.83 


365 366 

335 

348 
9.8 


2.82 


356 
329 
349 
10.4 
3.27 


311 

302 

| 307 
3.6 | 
1.17) 


menters. Giving attention to the 

tive position of the plotted values 4 
particularly the recurrence of extreme! 
high or low points in the four tests on" 

same species and treatment, there 4 
not seem to be evidence that We 
valiations are due primarily to inher 
differences in the wood. The rest 
obtained on the untreated samples “ 
each species show reasonable agree 
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for all tests, and while the treated sam- to continued flame and glow in poorly 
ples are from other boards, it is more treated material, and the additional 
likely that the variations are due to weight loss during this period may be 
nonuniformity of treatment or to char- considerable. 
acteristics of the test. Inspection of the charts show that 
According to reports from the various extreme values by laboratory W, which 
operators, laboratory P had difficulty are probably due to the gas supply, are 
with the maintenance of uniform pres- in part confirmed by the maximum 
sure in the gas supply, particularly temperature. In the pine series of the 
during the fire tube tests. Laboratory fire-tube tests, laboratory P reports 


TABLE VI.—AREA UNDER TIME-TEMPERATURE CURVE IN FIRE TUBE TESTS. 
Nore 1.—Values for area under the time-temperature curve include only that portion above the 180 C. line and are 
expressed as the product of the temperature in degrees Fahrenheit multiplied by the time in minutes. 


N agree data in this table were obtained from the specimens referred to in Table II. In each case five speci- 
ens were tested. 


Aver- | 


SOUTHERN YELLOW Pine, UNTREATED Wuite Oak, UNTREATED 


3520 | 3356 =| 3020 | 2831 3170 ° 3750 | 3820 | 4028 | 3594 | 3630 
3220 | 2932 2606 | 2467 3010 . 2320 | 3360 | 2797 | 2323 | 2790 |2718.0 
3418 | 3156 | 2774 | 2669 | 3105 . 2954 | 3592 | 3317 | 2742 | 3276 (3176.2 
107.0, 153.2) 153.9 134.9) 61. 537 | 149.2) 408.1) 449.9) 334.2) 375.68 


SouTHERN YELLOW Ping, 2.5% CONCENTRATION Wuite Oak, 12.5% CONCENTRATION 


3650 | 3032 2477 2747 2830 | ° 3220 | 3860 | 3272 | 3001 3435 | 3357.6 
2784 1750 2057 | 1785 5. 2150 | 2256 | 273 992 2420 (1618.2 
2876 2264 2292 | 2484 . 2740 | 3368 | 1811 | 2408 | 3031 |2671.6 
597.0, 94.4) 234.5) 240.9) 379. 407 | 590.8) 1109.0) 719.5) 355.1) 636.28 


SOUTHERN YELLOW PINE, 7.5% CONCENTRATION YELLOW Poprar, UNTREATED 


80 158 265 205 . 3320 | 2784 2977 2347 =| 3320 |2949.6 
0 1.8 0 75 . 2700 | 2380 | 2704 2214 | 2785 |2556.6 
86.8) 41.2) 112.7) 140.1; 154.0) 3050 | 2612 | 2804 2304 | 3026 (2759.2 
50.7 31.0, 56.9) 99.4 53.3) 204 162.4 94.7| 52.3) 188.7) 140.42 


SouTHERN YELLOW 12.5% CONCENTRATION YELLOW Poptar, 5.0% CONCENTRATION 


2300 | 2804 | 148 | 1500 | 500 |1450.4 
500 | 1384 | 4 | 387 | 350 | 525.0 
29.0, 26.0) 12.3 || 1710 | 2400 | 97 | 774 | 416 {1079.4 


46.3 26.7 x 634 514.8, 48.8 434.7 54.3| 337.32 


SOUTHERN YELLOW PINE, 5.6% CONCENTRATION Borax YELLOW PopLar, 12.5% CONCENTRATION 


244 | 356 | 254 | 365 ; 45.0, 13.84 
168 | SO 97 100 0 | O 

204 | 210 147 194 \| 17.0) 5.34 
28 47 58 92 | 20.9| 6.18 


used Pyrofax gas, and some com- values all relatively high, which may be 
ressed air was necessary to produce the due to adjustment of the apparatus, 
imer flames specified. Laboratory F since the maximum temperature values 
0 reported variation of gas pressure. are not correspondingly high. The | 
iticulties in duplicating furnace con- greatest spread of results appears to be 
ions in the timber test were also for the borax treatment of the pine series, 
ported. In the “special” crib tests the treated oak, and the 5.0 per cent 
y inheres! ¢ final weight loss values are affected concentration treatment of the poplar. © 
ve result y the termination of the test in some ‘The nonuniformity of treatment pro-— 
umples “a before glow had completely ceased. vided in these specimens was previously 
greene! n this test the conditions are favorable _ recorded. Some variations are due to 
— 
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the type of specimen used. In the two 
types of crib tests composite specimens 
were used in which, particularly for the 
“special” crib test, a poorly treated 
piece anywhere in the crib would con- 
tribute to greater weight loss, flaming, 
etc. The fire tube and timber tests are 
influenced by the location of the sample 
in the board. 


TABLE VII. 


2.84; timber test, 4.25; and New York 
crib test, 6.53. The standard deviations 
representing variations within the set of 
samples tested by the same laboratory 
are also smallest for the “special” cri} 
test. The average values of @ for all 
tests are: fire tube test, 3.09; “special” 
crib test, 1.75; timber test, 2.03; and 
New York crib test, 4.65. It should be 


MAXIMUM RATE OF WEIGHT LOSS IN FIRE TUBE TESTS. 


Nore 1.—Values for maximum rate of weight loss are expressed as the loss of weight per minute, calculated as a per 


centage of the original weight of the specimen. 


Note 2.—The data in this table were obtained from the specimens referred to in Table II. 


mens were re tested. 


In each case five spe 


Laboratory F WwW 


SouTHERN YELLOW PINE, UNTREATED 


BoP 


| Aver- 


| P 


age 


Waite Oak, 


15.0 16.0 
| 12.0 
13.0 | 14.0 
| 1.67 | 1.26 


Referring to the weight loss charts, 
the ranges between control limits for X, 
which are based on the standard devia- 
tion o, of the average values, are a 
measure of the reproducibility between 
laboratories. The standard deviation, 
oz, and the ranges of the values of X are 
smallest for the “special” crib test. 
The average values of o, for all tests 
performed by each of the methods are: 
fire-tube test, 4.44; “‘special’”’ crib test, 


5% C ONCENTRATION 


| 54.0 | 40.0 


31. 0 26.0 
18.0 | 16.0 
26.0 | 21.2 
4.47 | 3.2 


| 


OPLAR, 12.5% CONCENTRA} 


noted that the larger standard deviati 

for the fire tube tests are in part due! 
the fact that specimen No. 1 taken Irom 
the outside edge of the board was mor 
effectively treated than the other spec: 
mens, thus giving smaller weight loss 
etc. For the large variations in - 
ment, the timber test would be simila 

affected. While the average deviatiot 
is thus somewhat increased by the nature 
of the test sample employed, the relative 


value 
tories 
of th 
all lak 

The 
ard di 


ge O 


derive 
reflect 
deviat 
be ex 
Cause 


| Not 
specime: 
Laborate 
| 
Mar. 
— Max....................| 36.0 | 34.0 | 40.0 | 40.0 | 34.0 | 36.8 || 32.0 | 28.0 | 26.0 | 34.0 1.2 t. 
Min....................| 32.0 | 32.0 | 34.0 | 30.0 | 30.0 | 31.6 || 29.0 | 24.0 | 26.0 | 28.0 | 28.0 | 77 
Rocce ecccccccecceeeee-| 3468 | 33.2 | 37.6 | 34.0 | 32.1 | 34.16 || 30.4 | 25.6 | 26.0 | 31.2 | 30.0 | 28.64 
0.98] 2.33 | 4.90] 1.60} 2.26 |) 1.02] 1.50, 0 | 2.04) 3.10| 1.5 
SouTHERN YELLOw PINE, 2.5% CONCENTRATION | Waite Oak, 12.5% Concentration fax 
a Max....................] 32.0 | 28.0 | 26.0 | 36.0 | 28.0 | 30.0 || 27.0 | 24.0 | 30.0 | 26.0 | 22.0 | 258 
Mine lllll.] 26.0 | 22.0 | 24.0 | 22.0 | 26.0 | 23.6 || 20.0 | 20.0 | 14.0 | 22.0 | 14.0 | Is 
Qo cecicceccceeesees-] 2808 | 24.4 | 25.0 | 27.2 | 26.4 | 26.36 || 24.2 | 21.2 | 22.4 | 23.2 | 18.4 | 2.8 — 
232] 1.96 | 0.89 | 4.66 | 1.50) 2.27 || 2.40] 1.60 | 5.12 | 1.60 | 2.96) 27 
Sourmean Yettow Prve, 7 YeLLow Por Mar. 
| 15.6 || 39.0 | 42.0 36.0 
~ : eer a 8.0 8.0 | 8.0 8.0 7.8 || 36.0 | 34.0 | 32.0 | 32.0 | 30.0 | 32.8 ’ 
-  menbhnabenenamee is | 11.2 | 11.6 | 10.8 | 10.36 || 37.2 | 36.4 | 34.2 | 40.8 | 33.2 
1002] 1,50] 1.60] 2.33) 2.06) 1.70 || 1.17 | 2.94) 1.33 | 7.44] 3.49) 3. 
SouTHERN YELLOW Pine, 12.5% CONCENTRATION -OPLAR, 5.0% CONCENTRATI Mar. 
Max....................| 7.0 | 8.0 | 6.0 | 10.0 | 14.0 | 9.0 15.0 | 20.0 | 26.0 |2 Q.... 
5.0 6.0 8.0 8.0 | 6.6 8.0 14.0 16.0 | 144 
2 | 6.0. | 8.4 | 9.2 | 
18.0 | 20.0 | 28.0 | 19.4 || 10.0 
Min....... vine 12.0 | 12.0 | 12.0 | 11.6 || 6.0 | | 
SRT Tes ) | 16.4 | 18.4 | 15.16 || 7.2 | 7.6 | 7.4 | 7.2 | 6.8 
19 | 3.20) 5.43} 2.75 || 1.60| 0.80 | 0.80, 0.98 | 0.98 
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yalues obtained by the different labora- 
tories are not affected, since the average 
of the five samples was determined for 
all laboratories. 

The coefficients of variation, v (stand- 
ard deviation, a, expressed as a percent- 
we of X) are shown on the tables of 
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laboratory, but the values of the stand- 
ard deviation and coefficient of varia- 
tion for this series are shown in Table 
XXIII. The data for maximum tem- 
perature, which concern only the fire- 
tube test and “special” crib test, give 
average values of standard deviation for 


TABLE VIII.—_WEIGHT LOSS AFTER REMOVAL OF BURNER IN FIRE TUBE TESTS. 
Nore 1.—Values for weight loss after removal of the burner are expressed as percentages of the original weight of the 


specimens. 
NOTE 


ns were tested. 


2.—The data in this table were obtained from the specimens referred to in Table II. In each case five speci- 


P 


Aver- 
age 


Aver- 


vec | 


Wuite Oak, UNTREATED 


14.0 
7.0 
10.2 | 
2.32 | 


12.40 
2.24 


SouTHERN YELLOW PINE, 2.5% CONCENTRATION 


HITE OAK, 12.5% CONCENTRATION 


| 29 
| 2 
21.0 | 15.6 | 16.6 
1.10 | 9.20 | 4.63 


SOUTHERN YELLOW PINE, 7.5% CONCENTRATION 


YELLOW PopLar, UNTREATED 


YELLOW Poprar, 5.0% CONCENTRATION 


SourHERN YELLOW PINE, 5.6% CONCENTR 


ATION 


YELLOow Poprar, 12 


-6 
-08 


rived data. While these coefficients 
ect the relative values of standard 
ition previously recorded, care must 
exercised in making comparisons be- 
ise of the relatively different values of 
tresponding to the same series of 
*cimens. In general, the coefficients 
‘variation are lowest for the “special” 
rib test. 
Similar comparisons of reproducibility 
“l the flame spread tests cannot be made 
‘ince this test was performed by only one 


all tests conducted, as follows: fire tube 
test, a, = 81, ¢ = 70; “special” crib 
test, = 58, ¢ = 37. 

The statistics given above serve to 
indicate the variations between tests 
and laboratories. Large variations re- 
sulted in the recorded times of duration 
of flaming and glowing in all tests for 
reasons discussed later. The variations 
in percentage loss of area in the timber 
test are similar to the variations in the 
percentage loss in weight. : 


> 
York | 
‘ions 
et of 
tory | 
crib 
r 
cial’ 
ar 
dhe | 
SouTHERN YELLOW Pine, UNTREATED 
| 14.0 6.9 13.5 | 10.0 | 21.0 | 18.0 5.3 
ERPS ee | 0 0 2.0 | 3.0 | 1.6 || 9.5 | 5.0 | 16.0 | 8.0 
1.2 i 1.2 1.4 4.0 7.3 3.82 || 11.6 8.0 | 19.0 | 13.2 P | 
7.0 1.94 1.57 1.46 ‘ 
28.64 
1.53 
ON 11 14 10 26 14.0 || 25 | 6 29.4 
11.5 | 0 11 7.0 || 13.5 1 15.3 
18.0 2.48 5.51 | 4.83 
21.8 
2.13 
0 1.0 | 0 | 0.3 3 0 3.5 | 2 0 1.7 
02 0.40 | 1.20| 1.40) 1.20) 0.96 || 4.2 | 0.4 | 3.6 | 3.6 | 2.0 | 2.76 
0.20] 0.49 0.98 | 0.49; 0.98 | 0.63 || 0.81 | 0.49 0.20) 1.20} 2.10] 0.96 
36.36 
3.27 SouTHERN YELLOw Pine, 12.5% CONCENTRATION 
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TABLE IX.—FINAL WEIGHT LOSS IN SPECIAL CRIB TEST. 

Nore 1.—Values for final weight loss are given as percentages of the weight of the specimen. 

Nore 2.—For information on treatments of test boards, see Table I. ‘ 

Nore 3.—Absorption values are expressed as the weight in pounds of dry salt retained after treatment per cubic fg 
of wood. , 

Nore 4.—Specific gravity is based on the air-dry weight (65 per cent relative humidity at 80 F.) and the air-dry volum 

Nore 5.—The symbols used are as follows: X¥ = average, o = standard deviation, and » = coefficient of variation 
each case five specimens were tested. 


| | 4 | 
Laboratory... F B | P | Aver | | | B Aver 
SOUTHERN YELLOW PINE, UNTREATED Waite Oak, UNTREATED 
Board No. a | 56 | 4 22 24 
Sp. gr. | 0. 0.08, 0.796 0.747 
Moisture, per cent... ; . 4 | 7.65 9 | 7, 7.4 7.1 
Absorption ‘ 0 | O 0 0 
Weight loss, per cent: } 
92 0 | 93. 91.5 | 91.7 
89.4 


5 
2.96 | 
SOUTHERN YELLOW PIne, 2.5% CONCENTRATION Wuite Oak, 12.5% Concentration 


Board No. , 5 44 53 | 29 il 17 21 16 
Sp. gr. ‘ieiele -573, 0.590, 0.591 0.570, 0. 0.800, 0.720 0.645 0.719 
Slcituse, per cent...... t 6.7 | 9.2 8.1 7.8 7.5 8.1 7.8 
Absorption 1.06} 1.075) 1.08 1. 1.52 | 2.05 | 1.49 
Weight loss, per cent: 

=e nee 74 77 76.3 d | 4 | 89.5 89.6 


73 «| ‘75 73.4 5. Y 83.9 
73.2 | 75.7 | 74.6 : .50 || 85. 1 | 86.6 
0.40 | 0.87 | 0.98 40 | 0.912\| 0. 1.87 
0.55 | 1.15] 1.31] 0.54 .93 | 2.22| 9.23 | 2.16 


SOUTHERN YELLOW Pine, 7.5% CONCENTRATION YELLOW PopLar, UNTREATED 


Board No. 26 «10 19 28 15 
Sp. gr..... 0.544 0.565, 0.549 0.560) 0 
Moisture, per cent 8.8 7.0 8.9 6.8 9. 
Absorption 3.305, 3.33 | 3.25 3.27 
Weight loss, per cent: 
37.5 66.0 57.8 5. 95.0 | 92. 
} 26.0 44.5 34.0 35.5 5. 94.0 90. 
31.2 61.0 41.92 | 94.3 91.4 | 
4.55 | 8.29 8.26 0.40 0.80 0.37 
14.58 | 13.59 | 19.70 B 0.42 0.87 | 0.40 0.49 


YELLow Poptar, 5.0% CoONcENTRAT 


Board No..... : 32 | 9 30 3 | 14 17 
Sp. gr. 0.584) 0.560 0.589 .507; 0.446 0. 
Moisture, per cent... 9.4 | 6.9 2 | 6.6 4 
Absorption 5.59} 5.68) 5.5 5. 5. 28 1.545 1. 
Wei | 
M 0 75 74. 
| 21.7 73.0 | 72. 
1.02 0.49 0.93 | | 49 1.09 
5.42 | 4.02 | 2.26 | 4.19 . 72) 1.49| 2. 


SouTHERN YELLOW 5.6% CONCENTRATION Borax Poprar, 12.5% 


Board No. 35 | 31 47 | 2 1 
Sp. gf... 0.562 0.568) 0.546 -475 
Moisture, per cent -5 | 9.5 | 10.1 | 10.2 
Absorption . 435 2.50 | 2.49 | 2.595 -27 | 
Weight loss, per cent: 


87.5 91.2 | 90 
83 | 88.3 86 | 
85.7 90.3 | 87.8 ° 3.1 
0.98 1.83 1.07 | 1.63 1.40 1.12 
1.20 | 2.14 | 1.19 | 1.86 | 1.60 4.20 | 6.50) 6. Pract) 
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ErreEcTt OF TREATMENT tion of functional relationships between 

4s previously stated, the treatments the observations and degree of treat- 

xed in this investigation were intended Ment. It may also be noted that all the 
produce different degrees of resistance different observations recorded from 
fire exposure. The efficiency of the each test may not be required or desir- 

emicals used, as compared with other able for a practical differentiation be- 


2000 — 
---- Fire Tube | ---- Fire Tube 


|} ——— Special Crib 4 Specia Crib 
/2.5 per cent N 
J Concent ation — 


= 


100 


Fohr. 


deg 


Weight Loss, per cent 


Temperature 


/2 5per cent Concentration 


2 4 6 


Time , min. Time, min. 
10.—Typical Weight Loss and Temperature Curves for Fire Tube Tests and “Special” Crib | ; 
Tests. 
|—Pine, untreated and treated with 12.5 per cent concentration of ammonium salts. Time of Removal of Burner: * 


ire tube test, 4 min.; “‘special”’ crib test, 3 min. 


° Spec ial Crib 
e Fire Tube 
ON.Y. Crib 


per cent 


oO 


Oak Poplar. 


> 
oO 


95 0.49) 
18 


— 


N 


Final Weight Loss, 


+ 


20t 
Absorption, Ib. per cu. ft. 


Fic. 11.—Final Weight Loss, per cent. 


(ments, is immaterial to the pur- tween treatments or the satisfaction of 
és of these tests, except that the fire- _ prescribed acceptance limits. The avail- 
tardant effectiveness was intended to able information will, however, be useful 
r vide the means of comparing the in determining the more significant data. 
ractical application of the tests. The The relation between the various ob- 
of one type of treatment, the servations and the retention of chemical 
mited number of species and test in each treatment is shown graphically 
amples, do not warrant the determina- in Figs. 10 to 20. These curves rep- 
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resent the average of the respective ob- 
servations without correction for extreme 
values which, if made, however, would 
not appreciably alter the relative posi- 
tions or the conclusions to be drawn. 
In the final weight loss versus treatment 
(Fig. 11) the relative positions of the 
curves for the four tests are essentially 
the same for the three species. A favor- 


the difference between averages for al] 
treatments. In the case of pine, the yp. 
treated material shows only slightly more 
loss than the material with best tregt. 
ment. The curves for the fire-tube test, 
the New York crib test, and the flame. 
spread test tend to flatten over the higher 
concentrations of treatment, while the 
“special” crib test shows a spread of 


TABLE X.—DURATION OF FLAME IN SPECIAL CRIB TEST. 


Nore 1.—Values for duration of flame after removal of the burner are given in minutes. 
Norte 2.—The data in this table were obtained from the specimens referred to in Table IX. In each case fiy 


mens were tested. 


Cc | F | Ww B | 
SouTHERN YELLOW Pom, 

| | 3.1s| 75 | 35 | 

2.75 | 4.0 | 3.0 


0 5.92 


Aver- | my Aver 

Waite Oak, UNTREATED 

2.83 4.00|| 3.50| 3.83) 6.5 | 7.0 | 4.0! 4 
2.58 | 2.97 || 3.17| 3.33! 3.5 | 6.0 | 3.5 
2.75 | 3.55 || 3.33| 3.60 4.20) 6.30, 3.82 
0.09 0.400|! 0.11 | 0.17) 0.17! 0.40! 0.14 
3.27 11.28 || 3.30) 4.73 | 27.85 6.35! 3.66 


WHITE Onn, 12.5% CONCENTRATIO 


4.08 | 7.63 || 16.0 | 5.58 | 27.12 | 13.50 | 21.17! 
14.0 | 4.50 | 12.00 3.59 | 10.97 


Rn dwniebademcaeomiaddend 3.17 | 3.30; 5 2.0 3.88 2.25 2.08 6.5 2.67 | 2.08 
3.0 1.12, 3.0 0 1.42 2.0 1.75 | 4.5 2.42 1.67 

3.03 2.14 4.35 | 2.98 | 0.40 | 2.58 2.08 1.92 | 5.8 2.57 | 1.83 
0.17 | 0.94; 0.70 1.88 | 0.80) 0.90 0.11 0.12 0.75 0.14) 0.17 
Gi | 5.61 | 44.0 16.10 | 63.10 |200.0 34.90 $.29 | 6.25 | 12.92 | 5.45 | 9.2 


YELLOW Pus, 12.5% CONCENTRATION 


1.00 0.72 0.25 0.42 0.33 0.54 9.75 4.42 4.5 9.0 7.07 
-| 0.25 0.42 0.25 0 | O 0.18 6.25 3.0 3.5 5.92 
ASRS etre 0.52 0.58 0.25 | 0.214) 0.07 0.33 8.62 3.29 3.90 5.88 6.46 

0.28} 0.10; O | 0.06] 0.13 | 1.32 | 0.59 0.58 | 2.10, 0.40 
cee er Tee eer 53.90 | 17.25 0 28.03 |185.7 34.25 15.31 | 17.93 14.87 | 35.71 6.19 | 

SOUTHERN YELLOW 5.6% CONCENTRATION Borax Porta, 12. CONCENTRATION 

| ee 11.5 4.92 | 18.0 5.0 9.23 9.73 0.50 1.50 0 | 0.57 | 0.25 x 
“ae 8.5 | 4.0 | 11.5 2.75 3.97 6.14 0.17 | 0.12 0 | 0 0 ~ 
_ | 9.70 | 4.48 | 13.20 3.57 | 6.23 | 7.44 || 0.28 0.68) | 0.31) 0.14 

1.73 | 0.30 | 2.44 0.81 | 2.01 1.458]| 0.12 0.45 0 0.20 | 0.09 
Seaesckacuvensenebarnsas 17.84 6.69 | 18.48 | 22.69 | 32.26 19.59 || 42.86 | 66.17 | 0 64.51 | 64.29 


able spread of weight-loss values from 
untreated to well treated material results 
in the fire tube test, ‘“‘special” crib test, 
New York crib test, and flame-spread 
test (see Fig. 20). The timber test 
shows very little differentiation between 
the various degrees of treatment. The 
range between maximum and minimum 
values recorded by individual labora- 
tories or among laboratories is more than 


results at a rate nearly the same as! 
the less effective treatments. Th 
smaller difference in weight loss pt 
pound of retained chemical might b 
interpreted to indicate a loss in efficieny 
of retardants at higher concentratiot 
While the efficiency per pound of st 
would be expected to decrease as satul 
tion is approached, the abrupt change i 
the weight loss beyond 3-lb. absorptie 
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— 
. ‘ 
Not! 
Laborat 
| 
Min... 
¢. 
= 
SOUTHERN YELLOW PINE, 2.5% CONCENTRAT Po ; 
3.74 | 0.10 | 2.54; 2.1 2.88 
: 38.55 3.69 31.55 40.75 | 15.60 30.96 4.20 8.65 26.85 59.30 | 22.80 2 waee 
JTHERN YELLOW PINE, 7.5% CONCENTRATION YELLOW Popar, UNTREATED 
Max... 
: Min. 
a 
Max... 
Min. 
Sc 
| Max. 
Min. 


7 COMPARATIVE FirRE Tests oF Woop 


in the pine series and 2-lb. absorption 
in the poplar may be due to charac- 
teristics of the tests. In considering the 
poplar series, it should be noted that the 
intermediate treatment was omitted. 
The results for a similar intermediate 
treatment if determined would probably 
have resulted in relations similar to the 
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sarily results in widely different ex- 
posures depending upon the behavior of 
the sample. The fire tube test, the 
New York crib test, and the flame spread 
test employ bunsen burner flames with 
less total heat content than the Meker 
burner flame used in the “special” crib 
test, and the variation of test condi- 


pine series. In all of the tests, the total tions is therefore greater in these tests. 


TABLE XI.—DURATION OF GLOW IN SPECIAL CRIB TEST. 
Nore 1.—Values for duration of glow after flaming ceased are given in minutes. 
Nore 2.—The data in this table were obtained from the specimens referred to in Table IX. 


In each case five speci- 
mens were tested. 


Aver- 
age 


Laboratory............. 


SOUTHERN YELLOW PINE, UNTREATED Waite Oak, UNTREATED 


18.67 | 17.0 
14.5 | 11.0 
17.27 | 12.80 
1.82 | 2.23 
10.54 | 17.42 


SouTHERN YELLOW PINE, 2.5% CONCENTRATION Waite Oak, 12.5% CONCENTRATION 


ee 13.0 | 20.0 | 22.0 


2.24 | 6.54 
21.9 | 12.17 | 56.87 | 


YeELLow Popiar, UNTREATED 


SOUTHERN YELLOW Pine, 7.5% CONCENTRATION 


0 | 19.08 | 

0 


0.311 
63.47 || 28.10 


SOUTHERN YELLOW PINE, 12.5% CONCENTRATION 


YELLOw Poptar, 5.0% CONCENTRATION 


0.08! 0 | 0 
|o 


-77 


| 80. 0 0 


YELLOw Poprar, 12.5% CONCENTRA’ 


0 

| 33.5 || 0 

0 


heat involved during the exposure of the 
sample includes the heat generated by 
the fuel composing the sample, as well as 
the exposure flame. For untreated or 
poorly treated material, the heat gen- 


The higher weight loss per pound of salt 
and also the higher rate of weight loss 
for the lower salt concentrations in the 
case of the fire tube may also be due to 


as for 
The 
ss pel 
ght be 


icieny the “flue” effect which is accentuated 
ration. rated by the blazing sample is large and with higher temperatures. Laboratory 
of salt at its maximum rate while the burner is C noted a decided blast effect in the un- 
satute ra Place, whereas the burner flame is treated pine series, resulting in a mo- 
ange i émented to a lesser degree in the well mentary rise of temperature at the top 


treated material. This condition neces- 


of the tube of from 80 to 140 F. when the 


orptios 


 Un- 
nore 
reat- 
test, 
ame- | ; 
igher 
the 
age 
Max... 5.4 | 24.61 
Min. 15.9 6.93 10.9 | 13.409 19.05 13.99 30.3 17.7 
x 20.57 | 11.61 | 22.40 | 15.23 | 17.44 | 17.45 23.50 | 17.30 | 31.62 | 20.50 : 
1.2 5.13 | 1.94| 5.02| 1.10| 2.06 | 3.25 5.54 | 1.78 | 1.92 | 2.66 
’ 24.94 | 16.71 | 22.41 | 7.22 | 11.81 | 18.62 23.57 | 10.29 | 6.07 | 12.98 ; 
— 
| 
IN 
23.4 | 21.1 | 19.9 
1¢ | 0 1.08; 0 | 0.50] 0.42 | 0.40 9.0 | 11.6 | 8.7 
0.95| 5.94) 0.20) 1.25] 1.95 | 2.06 17.2 | 14.6 | 14.33 
12 1.08 | 4.07 | 0.40| 0.63 | 1.24] 1.485 5.45 | 3.40| 3.96 
2.88 “aes 113.68 | 68.52 |200.0 | 50.40 | 63.59 | 72.09 31.69 | 23.28 | 27.63 ' 
Max. 7.07 
Min 0.49 
2.4 3.54 
2.449 
44.79 | 8.09 
x 
3.75 
4.2 6.04 
1.412 
3.37 
0.12 | 0.07 
0 0 
0 0 0.02 | 0.02 
| 0 0.12 | 0.044 
0 | (600.0 |220.0 1 
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Maximum Temperoture , deg. Fohr 


45 60 | 
Absorption, 
Fic. 12. 


2 0 
Ib. pe 


TABLE XII... MAXIMUM TEMPERATURE IN 
Norte 1. 
Nore 2. 

mens were tested. 


Laboratory.... F | w B | 


SOUMHERN YELLOW Pine, UNTREATED 


1485 (1490 |1472 [1480 (1490 |1483.4 
1450/1445 1462 1475 1456.4 
1472 1459 «1472 
12.08 14.40 10.80 6.43 4.90 9.72| 
0.82) 0.98 0.74 0.44 0.33 0.66 


YELLOw PINE, 2.5% CONCENTRATION 


1465 1373 1440 1450 1436. 
1425 1292 1393 1380 1387. 
1443 1333 1412 1424 
14.70 30.60 17.46, 24.17 18. 
1.02 2.30 1.24 1.70 1. 


SOUTHERN YELLOW Pine, 7.5% CONCENTRATION 


1080 1175 1148 1114 1100 1123. 
950 1100 1040 1013 950 1010. 
1011 1136 1108 1062 1022 1067. 
41.76, 29.60 43.0 | 33.86 52.69 40. 
4.11, 2.61 3.88 3.19 5.16 3. 


SOUTHERN YELLOw PIne, 12.5% CONCENTRATION 


r cu. Ff. 


Maximum Temperature. 


SPECIAL CRIB TEST. 


Values for maximum temperatures are given in degrees F ‘ahrenheit. 
The data in this table were obtained from the specimens referred to in Table IX. 


Waite Oak, UNTREATED 


|,1535 1475 1472 1493 1460 
4) bey 1385 1238 1445 1420 
1511 1443 1409 1466 1450 
16.56 30.80 
1.10 2.13 6.23 1.29 1.08 


WHITE Oak, 12.5%, CONCENTRATION 
1450 1465 1382 1445 1410 
1400 1385 1112 += 1350 1330 
1431 1434 1281 1402 1379 
18.55 28.50 97.0 30.66 28.00 
1.30 1.99 7.57 2.19 2.03 


YELLOW Popiar, UNTREATED 


1510 1380 1454 1524 1485 

1475 1345 1364 1502 1460 

1497 1357 1422 1511 
11.7 12.1 34.9 7.4 | 10.2 
0.78 0.89 2.45 0.49 0.69 


890 1060 986 725 870 906.2 
785 806 682 660 749.6 
952 894 706 798 $40.8 

30.89, 98.70, 70.70 13.94. 72.50 57.35)| 
3.62, 10.37 7.91 1.97 9.09, 6.82) 


\1277.0 
1092.8 
1199.4 


1350 {1148 1307 |1210 
1195 932 1040 
1254 (1076 (1224 
60.90, 82.10, 104.98 60.63 
4.86 7.63, 8.58 5.48 


68.03 
5.67)| 


1485 1330 1364 1332 


| 23.79 61.50, 44.70 34.24 39.80 
| 1.63 4.89 3.36 2.66 3.02 


YELLOw Pop tar, 12.5% CONCENTRATION 


905 1040 806 840 700 
815 855 716 682 680 
863 976 756 741 720 
28.74, 64.60, 31.0 
3.33 6.62, 4.10) 7.86, 


In each case five spe 


87.80, 18.87 15.49 


YELLOw Poprar, 5.0% CONCENTRATION 
1340 137 


1420 9/1155 1256 1242 1220 1258 
|1458 1257 1332 1287 (1286 1324 


58.25 31.62 
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sample was practically consumed, indi- 
cating the presence of unburned gases in 
the tube. A wide spread of results be- 
tween poorly treated and well treated 
material, whatever the cause, is desir- 
able, but the abrupt flattening of the 
curves is more likely to be due to change 
in test conditions brought about by the 
sample itself than to decided decrease in 


Note 2. 
mens were tested. 
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TABLE XIII.—AREA UNDER TIME-TEMPERATURE CURVE IN SPECIAL CRIB TEST. 
Nore 1.—Values for area under the time-temperature curve include only that portion above the 600 F. line, and are 

expressed as the product of the temperature in degrees Fahrenheit multiplied by the time in minutes. 

Y The data in this table were obtained from the specimens referred to in Table IX. 


apparently afford little differentiation 
between treatments. It may be noted 
also that the final weight loss for un- 
treated material was consistently highest 
for the New York crib test. The more 
complete consumption of material in 
this test is probably due to the form of 
sample and free access of air. The 
borax-treated pine samples do not be- 


In each case five speci- 


| Aver- Aver- 
Laboratory... | | |W) B | | F | w | sis 
SOUTHERN YELLOW PINE, UNTREATED Waite Oak, UNTREATED 
‘3410 |3960 [3630 [4183 [3810 |3798.6 ||4480 [4342 {4631 |4825 4538.0 
3280 3720 3344 3897 3310 3510.2 3924 2995 4395 13910 3714.8 
3362 3494 4039 (3622 3675.4 ||4206 (4256 3935 4504 (4239 4228.0 
1 527 84.8 | 84.6 103.8 | 187.3 | 102.64]| 430.0 174.8 489.6 87.9 | 335.2 | 303.50 
SouTHERN YELLOW Pine, 2.5% CONCENTRATION WHITE Oak, 12.5% CONCENTRATION 
3200 |3568 |2776 |4656 (3180 {3476.0 ||4180 [4628 |4194 |3834 |3590 [4085.2 
2850 3332 2520 3075 2680 =| 2891.4 }||3680 3980 745 3274 3325 3000.8 
3090 3420 2671 3441 2994 3123.2 |)3912 4420 3020 3573 =| 3485 3682.0 
SESS eer 131.9 79.2 | 105.4 | 609.1 | 195.2 | 224.16]| 162.0 | 236.0 \1242.0 | 221.2 90.4 | 390.32 
SOUTHERN YELLOW PINE, 7.5% CONCENTRATION YELLOW Popiar, UNTREATED 
710 868 {1202 | 685 | 725 | 838.0 ||3700 {3128 {3211 [3984 |3260 [3456.6 
500 640 680 448 500 553.6 |}3180 (2732 2761 3635 |2910 3043.6 
1049 553 623 709.0 2952 3033 3819 3088 3251.6 
@ iePeeiveh sves'sel ee 78.4 187.0 | 94.1 | 76.7 | 106.48]| 176.0 | 150.8 | 162.0 | 127.9 | 151.6 | 153.66 
SOUTHERN YELLOW P1nE, 12.5% CONCENTRATION YELLOW Poptar, 5.0% CONCENTRATION 
Max 400 | 704 | soo | 149 | 260 | 402.6 ||3690 {2596 |3071 |2801 (2445 |2920.6 
210 156 256 =| SO 55 145.4 ||3150 1780 2272 =|1460 2108.4 
Pe eee ae 326 424 361 99 | 194 280.8 ||3398 2288 2722 |2398 |2183 2597.8 
71.7 | 178.0 | 86.4 34.9 | 72.5 88.7 173.0 | 307.6 | 283.1 375.0 366.4 | 301.02 
SOUTHERN YELLOW PINE, 5.6% CONCENTRATION Borax YELLOw Poptar, 12.5% CONCENTRATION 
{2850 |2688 (1958 [5724 [3032.0 || 450 | 880 | 230 | 274 | 265 | 419.8 
1429 2232 479 2016 635 \1502.4 || 300 | 352 83 «13 90 167.6 
oy | ire 2598 2404 1399 2994 1186 2116.2 || 388 | 660 17 | 164 153 308.2 
15 251.9 | 154.8 517.9 |1376.4 | 522.7 564.74) 51.0 | 177.6 | 52.19) 98.4 | 71.3 90.24 


a - dhciency of the treatment. The timber 
1258-6 ton the other hand represents the 
wer her extreme in relative heat generated 
n 3 the sample and the test flame. While 
— e furnace temperature raises slightly 
~ ring the test due to the combustion of 
ma € sample, the attack by the furnace 
r "© 18 More severe than in any of the 
1 es ier tests and the heat from the sample 


telatively small. The exposure con- 
ions are therefore more uniform but 


have according to the variation of am- 
monium sulfate - monoammonium phos- 


phate treatment as indicated by the 


plotted points, the borax treatment being 
generally less effective due to the tend- 
ency for continued glowing. 

The maximum temperature and maxi- 
mum rate of weight loss, determined in 
the fire-tube test and “‘special”’ crib test, 
differentiate between treatments as 
shown in Figs. 12 and 13. The “‘special”’ 
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© Special Crib 
Fire Tube 


w 


Poplar 


= 


3 


Rate of Weight Loss, per cent pe 


Absorption, Ib. per cu. ft. 


Fic. 13. Maximum Rate of Weight Loss. 


TABLE XIV.—MAXIMUM RATE OF WEIGHT LOSS IN SPECIAL CRIB TEST. 


Nore 1.—Values for aon rate of weight loss are expressed as the loss of weight per minute, calculated as a per- 
centage of the wien weight of the specimen. 

Norte 2.—The data in this table were obtained from the specimens referred to in Table LX. In each case five speci- 
mens were tested. 


Aver- Aver- 
r | w rir iS 


SouTHERN YELLOw PINE, UNTREATED Waite Oak, UNTREATED 


23. | 24. 20.0 
1.40 


K, 12.5% Conce 


24. 
19. 
21. 
1. 


SOUTHERN YELLOW Pine, 7.5% CONCENTRATION 


12.0 | 16.0 | 17. .0 | 32.0 | 3 
8.0 | 13.0 . 12. " : 28.0 | 2 
10.8 | 14.0 1 2 | 29.6 | 2 
1.60 | 1.26| 1. .36 : 1.50 | 


1.0 
8.0 
9.4 
1.02 


SouTHERN YELLOw Pine, 12.5% CONCENTRATION 


8.0 
8.0 
8.00 | 1 
0 


2. 
9. 
0. 
1. 


0 
0 
40 
04 


SouTHERN YELLOW Pine, 5.6% CONCENTRATION BORAX 


a 264 
£40 
35 
CAINE 
02 
| 
| 
| 
0 
a 
SOUTHERN YELLOW PINE, 2.5% CONCENTRATION | Waite Oa ation 
y Max..............2.....] 24.0 | 22.0 | go | 22.0 | 25.0 | 23.4 || 19.0 | 16.0 | 15.0 | 20.0 | 20.0 | 18 
4 a, | eeepeeenanes 19.0 | 20.0 | 19.6 || 16.0 | 14.0 | 10.0 | 19.0 | 16.0 | 15 
20.6 | 22.4 | 21.49 || 17.2 | 15.2 | 12.8 | 19.8 | 17.2 | 16.4 
1.20} 3.04| 1.68 || 1.85] 0.75| 2.08 | 0.40) 14 
w Popiar, UNTREATED 
22.0 | 28.0 | 26.8 
- 26.0 | 29.0 | 2.4 
4.20 | 0.89) 1.002 
YELLOw Poprar, 5.0% CONCENTRATION 
| Eee ..| 9.0 | 12.0 | 12.0 10.6 || 24.0 | 22.0 | 24.0 | 26.0 | 24.0 | % 
8.4 || 21.0 | 16.0 | 20.0 | 14.0 | 18.0 | 17.8 
9.17 || 22.6 | 20 22.6 | 18.4 | 19.6 | 20.64 
4 0.79 || 1.36| 2.53] 1.50| 4.27| 2.25) 2 
YELLow Poptar, 12.5% CONCENTRATION 
Max. 19.2 || 11.0 | 10.0 | 12.0 | 14.0 | 10.0 | 114 : 
Mim eee cesses} 15.0 | 12.0 | 11.0 | 12.0 | 12.0 | 12.4 |] 9:0 | 8.0 | 9.0 | 8.0 | 9.0) 8 
| 0.75 | 0.75 | 1.17 | 1.96] 0.49] 
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Pine ji Poplor | | 
© Special Crib 7 
e Fire Tube 
ONY. Crib 
4 Timber 


min 


@ 


Duration of Flaming, 


ny Ww 


Absorption, Ib. per cu. ft. 


Fic. 14.—Duration of Flaming. 


Special Crib 

®FireTube | 
4N.Y. Crib 
Timber 


min 


Duration of Glow, 
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\ 
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SY 


45 2 
Absorption, Ib. per cu. ft. 


Fic. 15.—Duration of Glowing. 
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crib test gives more nearly a linear re- usually follows the blazing yellow flame 
lationship as in the final weight loss as being associated with glowing, while 
curves, although with somewhat less others included both kinds of flame j; 
spread of results, due perhaps to the the time of flaming. In the timing oj 
‘flue’ action of the fire tube in testing glow, some of the poorly treated samples 
poorly treated material. The rate of continued to glow for long periods, and 
weight loss in the flame-spread test is consequently some of the results may not 
similar to the others for the pine and oak, represent the entire duration. ‘The con- 


TABLE XV.—WEIGHT LOSS AFTER REMOVAL OF BURNER IN SPECIAL CRIB TEST. 
Norte 1.—-Values for weight loss after removal of the burner are expressed as percentages of the original weig 


ote 2.—The data in this table were obtained from the specimens referred to in Table IX. In each case five: 
mens were tested. 
Aver- 
Laboratory age Cc F | Ww B 


Waite Oak, UNTREATED 


SouTHERN YELLOW PInE, 2.5% CONCENTRATION 5% CONCENTRATION 


YELLOw Poptar, 5.0% CONCENTRATI 
42.0 | 40.0 | 39.1 | 35.0 
30.5: | 30.0 28.9 | 31.0 
37.1 35.5 35.1 33.1 

3.98 3.33 3.37 1.80 


5 
| 
-6 


9 
8 


2 0) 


although with less spread of results, and ditions afforded by the two types of ct 
irregular in the case of the poplar. test appear to be more favorable to: 
The duration of flaming and glowing tinued flaming and glowing than ' 
after removal of the burner flame, or re- fire tube test and timber test. In 
moval from the furnace in the timber dition to the difficulty of obser 
test, are generally less consistent than flaming and glowing of the remainder 
the other measurements (see Figs. 14 the sample hanging within the fire tu 
and 15). This is due to more or less this test shows little differentiatior 
favorable conditions in the respective treatment. The duration of flaming? 
tests and to difficulties in making these glowing of treated material by this 
observations. Some observers con- may be affected by the presenct 
sidered the short blue flame which evolved gases within the tube that 


= 
Aver 
: — Max....................{ 49.0 | 50.0 | 54.5 | 58.6 | 50.0 | 52.4 || 56.0 | 61.0 | 64.5 | 60.7 | 62.5 | @ 
Quan: tae 50.2 | 58.0 | 55.0 | 53.5 | 58.5 | 55 
oe 2.2 
‘ 
| 41.5 | 40.0 | 36.0 | 39.2 60.5 | 64.0 | 65.5 | 57.6 | 59.0 
| 38.0 | 38.5 33.4 32.0 | 35.2 52.5 62.0 47.5 Si.4 | |! 
Roo cececcceeeeeceeeeeee| 35.9 | 38.8 | 40.0 | 37.0 | 33.0 | 36.94 |] 55.54 | 63.0 | 57.70 | 55.34 | 56.40 | 57 LG 
| 1.17 | 1.14 2.54] 1.52 | 1.507} 2.97 | 0.71 | 6.13 | 2.11 | 2.27] 2 
SOUTHERN YELLOW 7.5% CONCENTRATION YELLOW Popar, UNTREATED 
Max..................-.| 16.0 | 14.5 | 34.5 | 33.8 | 18.5 | 23.5 || 39.0 | 44.0 | 42.0 | 48.2 | 38.0 | 4 
RS. soncruasaacus cone meee 6.0 | 15.5 | 13.4 8.0 11.6 35.0 36.0 | 35.5 40.3 | 29.5 | 35 
15.34 | 9.50 | 30.2 18.8 | 13.0 17.37 37.9 40.0 38.8 45.6 | 34.7 | 
0.42 | 4.23 | 7.40 | 7.67 | 3.65 | 4.673)| 1.56 3.57 | 2.6 2.87 2.89 
> SOUTHERN YELLOW Pine, 12.5% CONCENTRATION 
0.63 | 0.68 0.57 0.60 0.574 2] 
: SOUTHERN YELLOW PINE, 5.6% CONCENTRATION Borax YELLOow P 
: Max.............-...---| 67.0 | 62.0 | 63.0 | 63.8 | 64.0 | 64.0 | 5.0 2.5 
61.8 58.5 57.0 60.0 61.0 59.7 3.3 
4.8 | 60.0 | 61.2 | 61.8 | 62.7 | 62.09 |) 4.1 0.7 | 3 
1.64 | 2.22 1.60 1.08 1.707|, 0.66 0.98 
4 
< 
| 
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Fic. 16.—Weight Loss after Removal of Burner versus Time of Flaming plus Glowing. 
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Fic. 17.—Area Under Time-Temperature Curve. 
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Fic. 18.—Rate of Weight Loss versus Maximum Temperature. 


: | 
2.232 
; 
— 
“1500 


a 


not expelled by the reduced draft action. 
The spread of results is likewise not 
great for the timber test, although some- 
what better than indicated by the final 
weight loss. ‘The influence of continued 
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bustion at different rates. While these 
two rates of combustion have usually 
been differentiated, particularly in rf. 
spect to flame duration or spread, the 
difficulties of measurement have beep 


TABLE XVI.—FINAL WEIGHT LOSS IN NEW YORK CRIB TEST. 
Nore 1.—Values for final weight loss are given as percentages of the weight of the specimen. 
Nore 2.—For the specimens used in the New York crib test, the board numbers, specific gravity values, and absorpt 
- Y of treating salt are the same as for the specimens used in the “‘special’”’ crib test (see Table IX). ‘ 
Nore 3.—The symbols used are as follows: X = average, o = standard deviation, and » = coefficient of variatio 


In each case five specimens were tested. 


| | 
lr 


SOUTHERN YELLOW PINE, UNTREATED 


Moisture, per cent.... 
Weight loss, per cent: 
Max.... 96.3 
92.5 
94,82 
1.42 


97.4 

95.0 

96.20 
0.90 
0.94 


99.0 

98.0 

98.44 
0.40 
0.41 


97.9 
96.1 


0.80 
0.82 


SOUTHERN YELLOW PINE, 2.5% CONCENTRATION 


7.8 6.7 
73.2 
63.6 
70.40 
3.54 
5.03 


Moisture, per cent 8.8 
Weight loss, per cent: 
65.8 
58.7 
62.36 
2.75 
4.41 


6.4 


76.1 71.8 
70.1 | 65.9 
73.58 | 70.10 
2.24 | 2.16 
3.05 | 3.08 


SouTHERN YELLOW Pine, 7.5% CONCENTRATION 


7.0 | 


6.76 
4.87 
5.53 
0.67 


Moisture, per cent 8.5 
Weight loss, per cent: 
Min. 


4.9 
11.0 | 11.2 
8.3 
9.14 

0.97 


10.61 | 10.00 | 


SOUTHERN YELLOW PINE, 12.5% CONCENTRATION 


Moisture, per cent 8.3 9 | 
Weight loss, per cent: 
5.4 2 

3.8 
3. 4.58 -90 
0.35 0.57 | 0.50 
10.00 | 12.42 | 0: 


SOUTHERN YELLOW PINE, 5.6% CONCENTRATION BORAX | 


Moisture, per cent 
Weight loss, per cent: 


8.7 9.5 8.0 9.4 
85.8 

12.0 
11.78 | 43.20 
6.73 | 26.66 


$7.10 | 61.75 


80.0 
18.6 


73.2 
20.3 | 
61.16 | 42.90 
22.94 | 20.04 
37.50 46.80 


glowing on the final weight loss recorded 
by the “special” crib test has been 
noted. 

The flaming and glowing of the 
samples after removal of the burner is 
a visual indication of continued com- 


P | Aver- Cc 


7.3 6.2 8.1 | 6.0 6.97 | 6.91 || 
| 


98.2 
96.5 
97.10 | 97.22 | 96.76 
0.66 
0.68 | 0.854 


6.95 | 7.33 || 


67.5 

60.0 

64.04 
2.42 
3.78 


8.7 


65.5 
8.6 
43.16 
22.50 
52.20 


| Aver: 
age B | age 


Waite Oak, UNTREATED 


7.4 6.33 | 7.5 


| 98.5 | 97.9 
98.5 | 97.3 


7.3 


97.76 | 98.8 | 98.1 
95.62 | 98.1 | 97.3 
98.42 | 97.80 98.50 | 97.56 
0.27 0.34) 0 0.25 
0.27, 0.35 | 0 


7.3 


0.835 


Waite Oak, 12.5% Concentration 
| | 


6.3 


70.88 || 78.1 
63.66 || 62.5 
68.09 || 71.28 
2.621 5.16 
3.850), 7.24 


7.5 7.9 6.6 
86.4 
31.6 
69.00 
19.99 
2.90 


81.4 

70.8 

75.88 
3.39 


6.64 4.47 


YELLOw Poprar, UNTREATED 
5.7 7.4 6.65 | 
98.9 
98.6 
98.80 
0.15 
0.15 


5.6 


99.5 99.6 
99.3 | 99.2 
99.38 | 99.44 
0.10 | 0.17 
0.10 | 0.17 


99.9 
99.3 
99.62 
0.22 | 
0.22 


99.4 
99.27 


YELLow Poptar, 5.0% CONCENTRATION 


9.5 
27.4 
14.0 
22.04 


5.05 
22.90 


5.8 


4.33 || 86.9 
3.28 || 75.9 

3.81 || 82.76 
0.431 | 3.63 
11.30 || 4.39 


6.2 | 6.8 | 6.6 


84.5 
34.1 
61.58 | 20.20 
16.42 8.49 
26.65 | 42.00 


36.4 
12.9 


YELLOw Poptar, 12.5% CONCENTRATI 


6.20 | 
6.42 | 
4.92 | 
5.51 
0.50 


reported by most of the operator 
Since continued combustion results in 
continued loss in weight of the samp 
such loss might be used as an index 
the tendency of the sample to supp 
flame and glow after removal of the 


nitio 
latiot 
mové 
binec 
recor 
“spec 
fire ti 


weight 
be usec 
port of 
The 
ture cul 
rib te 
Ment 5 


! 
| 4 
OT 
mens wi 
| | 
Laborat 
91.5 91.14 
‘ 97.92 | 98.04 Mes... 
0.30 0.232 Min... 
0.31 0.237 
80.04 Max... 
48.2 Min... 
67.1 
: | — 
| 5.2 
a Min... 
5.97 | 8.93 || 99.4 
4.4 | 6.15 || 98.9 
0} 4.81) 7.18 || 99.17 es 
1 a 56 1.025) 0. 2 169 
3 | 14.28 || 0.21 
23.2 
12.5 29.88 
3.82 
23.6 | | 18.4 
6f Mar, 
Min. 
| 
65.70 || 3.8 | 5.3 | 7.7 
13.00 || 2.6 3.6, 1.0 7 
40.44 || 3.0 5.92 | 4.50, 7.44| 
19.775) 0.4 0.47 | 0.86 | 0.25 | 14 nib te 
48.90 | 15.8 7| 7.94) 19.11 | 3.36) 2 ship, w 
4 


"7 nition flame. Figure 16 shows the re- 
ly lation between the weight loss after re- 


moval of the burner and the total com- 
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Fig. 17). The area resulting from the 
fire tube test on the 12.5 per cent con- 
centration treatment of the pine and 


he bined time of flaming and glowing poplar was indeterminate since the maxi- 
= recorded during the fire tube test and mum temperature was less than the 
“special” crib test. The results of the starting temperature of 180 C. at the top 
fire tube test are inconsistent (points not of the tube, indicating an absorption of 
in order of treatment). The “special” heat from the burner flame by the speci- 
TABLE XVII.—DURATION OF FLAME IN NEW YORK CRIB TEST. 
ver Nore 1.—Values for the duration of flame after removal of the burner are given in minutes. 
ag Note 2.—The data in this table were obtained from the specimens referred to in Table XVI. In each case five speci- 
mens were tested. 
Aver- || Aver- 
| |. | P || ¢ | F w |B | 
} SOUTHERN YELLOW PINE, UNTREATED Waite Oak, UNTREATED 
7.0 | 7.42 | 7.08 
8.50 
SouTHERN YELLOW PINE, 2.5% CONCENTRATION Waite OAK, 12.5% CONCENTRATION 
7.5 | 9.08| 7.33 | 8.58| 9.67] 8.43 || 18.0 | 18.58 | 20.25 | 13.30 | 13.87 | 16.80 
Min.. 5.75 | 4.00 5.67 $.13 | 5.72 5.25 || 14.0 10.50 | 2.25 | 10.23 7.77 8.95 
_ ER 6.90 | 6.03 | 6.45 6.47 7.30 | 6.63 || 15.30 | 13.45 | 11.60 | 12.10 | 12.59 | 13.01 
0.68 1.76 | 0.70 1.20 1.34 1.136}| 1.66 | 3.24 6.89 | 0.98 2.44 3.041 
Rivscsintendtsatecbanes 9.85 | 29.20 | 10.85 | 18.58 | 18.35 | 17.15 || 10.84 | 24.10 | 59.30 | 8.10 | 19.40 | 23.30 
SOUTHERN YELLOW PINE, 7.5% CONCENTRATION YELLOw Poprar, UNTREATED 
| 2.08 | 1.17| 2.67' 2.58| 1.15| 1.93 || 3.5 | 4.75| 2.75 | 3.00| 2.90] 3.58 
0.05 0.32 1.00 1.62 0.58 | 0.71 2.5 2.17 2.50 | 2.67 2.13 2.39 
9 _ RAR 1.28 | 0.69 1.52 2.04 | 0.89 1.28 3.10 | 3.11 2.65 | 2.84 2.47 2.83 
9.0 _ 0.68 | 0.38 | 0.61| 0.40| 0.20! 0.454|/ 0.41 | 0.87) 0.12| 0.12| 0.27 | 0.357 
4 Saravereuheseeeas oxiwe 53.10 | 55.10 | 40.10 | 19.60 22.45 | 35.45 13.21 | 27.95 4.53 4.23 | 10.92 | 12.60 
SOUTHERN YELLOW PINE, 12.5% CONCENTRATION YELLow Popxar, 5.0% CONCENTRATION 
0 | 0.22) 0 0.25 | 0.08| 0.11 || 8.0 | 2.82| 5.83! 3.82] 3.57] 4.61 
; 0 0.02 0 0.06| 0 0.02 5.25 2.17 3.0 | 2.393 1.68 2.64 
6.9 0 0.11 0 0.15 0.02 | 0.06 || 6.70 2.39 3.48 | 2.99 2.68 3.65 
sili 0 0.074, 0 0.066} 0.032) 0.034|| 0.97 0.24 1.32 | 0.63 0.44 0.721 
- 4 0 67.20 | 0 44.0 |160.0 | 56.67 || 14.48 | 10.03 | 37.95 | 21.05 | 16.42 | 19.72 
OUTHERN YELLOW PINE, 5.6% CONCENTRATION Borax YELLOw Poptar, 12.5% CONCENTRATION 
Siler Se Ts 6.25 | 13.17 | 21.75 | 11.93 | 18.92 | 14.40 || 0 | 0.32! 0.08| 0.17] 0 0.11 
1.08} 1.48] 2.75 | 2.46] 1.50| 1.85 || 0 0 0 0 0 0 
2.73 | 6.67 | 14.20 | 7.69 | 8.05 | 7.87 || 0 0.23 0.02 | 0.09! 0 0.07 
1.92 | 3.82) 6.49| 3.51 | 6.32) 4.412, 0 | 0.127; 0.03 0.071 0 0.046 
70.40 | 57.20 | 45.70 | 45.70 | 78.50 | 56.10 | 0 | 55.30 150.0 | 78.9 | 65.70 


ib test results give a regular relation- 
p, which for well-treated material can 
taken as linear. In this test the 


orators. ight loss after burner removal could 
Its in 2 ‘used as an index of continued sup- 
sample, t of combustion. 

ndex of The areas under the time-tempera- 
suppor re curves for the fire tube and “special” 
ig tests show relationships to treat- 


nent similar to final weight loss (see 


men not offset by heat generated by the 
specimen. 

The relation between maximum tem- 
perature and rate of weight loss is 
shown in Fig. 18. While an approach 
to a correlation is indicated which might 
make it possible to use weight loss 
measurements to serve as an index of 
maximum temperature as in the case of 
duration of flaming and glowing, the 


5.2 
5 | 1.403 
6 | 26.00 


elimination of temperature observations flame. Such measurements, however. 

_would probably be undesirable in both might only be required before and after 
the fire tube and the “special” crib tests test for such control if temperatures 
because of the means these measure- during the test were not considered 
ments afford in controlling the burner necessary. 
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Max... 
Min... 


Absorption, Ib. per cu. ft. 


_ Fic. 19.—Timber Tests: Loss of Weight and Loss of Area. 


I 
TABLE XVIII.—DURATION OF GLOW IN NEW YORK CRIB TEST. _ los 
Norte 1.—Values for duration of glow after flaming ceased are given in minutes ; Min 
Nore 2.--The data in this table were obtained from the specimens referred to in : Table XVI. In each case five s 
mens were tested. 


SouTHERN YELLOW Pine, UNTREATED Waite Oak, UNTREATED 


| 19.28 | 25.5 | 25.41 | 24.10 | 21.40 || 27.50 24.65 | 22.75 | 21.53 | 28.60 
12.08 15.5 | 16.0 | 18.42 14.20 || 21.0 | 17.30 | 16.50 18.20 | 22.23 
16.38 | 19.20 19.30 | 20.49 | 17.23 || 23.07 21.72 19.40 | 19.34 25.63 
2.60 | 3.37, 3.16) 2.06) 2.528) 2.29) 2.45 1.43 1.11 2.33 
15.90 17.55 16.38 10.02 14. 9.93 11.28 7.38!) 5.74 9.0 


Waite Oak, 12.5% CONCENTRATION 


4.0 | 0.25} 2.58] 3.03 | 2.04 || 10.0 | 25.08 5.0 | 15.13 | 14. p 
0.75 | 0 0 0 0.18 || 5.0 | 6.67) 0 5.7 y 4.8 Weight os, 
2.03 | 0.05 | 0.72 | 0.94 | 0.79 || 7.20! 13.55 2.25 | 10.43 Max... 
. 1.54 | 0.10} 0.93 | 1.08 | 0.744]| 1.81 | 6.47 | 1.96 | 3.05 
35.0 | 75.9 |200.0 |129.2 (115.0 | 94.10 || 25.15 | 47.70 87.1 | 29.20 


SOUTHERN YELLOW PINE, 7.5% CONCENTRATION YELLOW PopLar, UNTREATED 


0 0 0 B 18.32 | 15.25 | 22. 21.87 | 18.88 Sou 
0 0 0 x 14.58 | 11.5 | 17. 12.13 14.1 \ 
0 0 0 y 15.99 | 13.75 19. 16.56 pe 
0 0 0 1.29 | 1.35 | 1. 3.4f tight loss, 
0 0 0 ; é 8.08 | 9.82 8.91 | 20.00 Mar. 

} } | pli 


SOUTHERN YELLOW Pine, 12.5% CONCENTRATION YELLOw Poptar, 5.0% CONCENTRATIO 


0.05 | 0.15 .03 | 0.33! 0. 11.0 | 0.50 | 
0 |o |o 6.75 | 0 
0.016, 0. | 


0.020' 0.056 
0 (140.0 


1.94 0.20 


8.5 
4.25 
0.10. 6.02 
1.41 
| 21:0 |200.0 | 23.4 


( 


SOUTHERN YELLOW PINE, 5.6% Borax YELLow Poptar, 12.5% CONCENTRATIC 


38.30 | 43. 97 | 44.55 | 41.91 
23.60 | 30. .23 | 19.83 | 
29.61 | 33. 3.71 | 33.47 

5.43 4. ‘ 7.98 

| 18.3 | 23.8 


Figt 
weight 
tional 
as dete 
curves 
TLC \ 
| | 
| 
\ 
a 
/ 
S 
Moisture, p 
ae Weight loss 
| SOUTHERN Y ee 
Max.. 
X 0.02 
0 0.35 4 
0 0.17 | 3.8 
Values f, 
0.03 | 0.02!) 0 0.15 York | 
0.016, 0.010, 0 0 0.110 Mardwog, 
81.3 |100.0 | 0 0 | 23.6 S, at 
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Figure 19 shows the variation of loss in area not greater than 45 per cent 
yeight loss and also loss of cross-sec- for hardwoods and 55 per cent for soft- 
‘ional area for the different treatments woods. The only specimens failing to 
ssdetermined by the timber test. Both meet these requirements were the un- 
urves are essentially similar, with some- treated poplar. The untreated pine and 


TABLE XIX.—FINAL WEIGHT LOSS IN TIMBER TEST. 
Nore 1.—Values for final weight loss are given as percentages of the weight of the specimen. 
Nore 2.—For the specimens used in the New York crib test, the board numbers, specific gravity values, and absorp- 
‘on of treating salt are the same as for the specimens used in the “‘special’’ crib test (see Table 1X). 
Nore 3.—The symbols used are as follows: X¥ = average,o = standard deviation, and v = coefficient of variation. In 
eh case five specimens were tested. 


| Aver- A 
Cc F | w |B | P | | Cc | F | W] B 
SOUTHERN YELLOW PINE, UNTREATED Waite Oak, UNTREATED 
Woisture, percent......| 7.3 | 6.6 | 7.3 | 6.1 | 6.5 | 6.76 || 7.3 | 6.5 | 6.1 | 7.6 | 6.97 | 6.89 
Weight loss, per cent: | 
Max. | 32.7 29.7 38.9 42.9 38.4 | 36.52 || 35.9 27.8 33.7 27.4 24.1 29.78 
Min. 27.8 | 27.8 | 26.5 | 27.0 32.3 28.28 || 28.5 23.9 30.0 14.8 | 20.8 23.60 . 
if ; 30.34 | 28.50 | 33.82 | 35.28 | 34.86 | 32.56 || 31.8 26.1 31.8 | 20.12 | 23.26 | 26.62 
¢ = 1.60 | 0.65 4.32 | 5.61 2.17 2.87 3.26 1.44 1.51 4.29 1.38 2.38 
5.28 2.28 12.78 | 15.90 | 6.23 | 8.82 || 10.24 4.75 | 21.3 5.93 8.94 
SouTHERN YELLOW PINE, 2.5% CONCENTRATION Waite Oak, 12.5% CONCENTRATION 
Moisture, per cent 10.0 7.0 8.7 7.5 7.6 8.16 8.2 | 6.8 | 6.3 | 10.0 8.45 | 7.95 
Weight loss, per cent: 
Max. 32.8 | 23.1 28.5 30.4 | 30.3 29.02 || 18.7 | 19.0 24.3 | 34.4 19.7 23.22 
27.9 20.7 25.6 23.6 28.4 25.24 17.0 17.7 20.4 28.8 16.6 20.10 
Ses 30.54 | 21.60 | 26.80 | 27.14 | 29.4 27.09 || 17.9 18.4 21.48 | 31.22 | 17.94 | 21.39 
BS ccace ere 1.57 0.90 | 0.95 2.84 0.71 1.39 0.74 | 0.50 1.44 1.91 1.01 1.12 
5.14 4.16 3.54 | 10.46 | 2.42 | §.13 4.13 2.72 6.70 | 6.11 5.64 | 5.24 
SouTHERN YELLOW PINE, 7.5% CONCENTRATION YELLOW Poplar, UNTREATED 
Moisture, per cent 12.7 6.9 | 7.9 6.6 | 6.7 | 8.16 5.5 | 6.2 8.1 6.9 7.1 6.76 
Weight loss, per cent: 
Max. ; 29.2 30.6 27.8 23.2 32.7 | 28.70 || 61.6 50.5 50.5 67.3 $1.3 56.24 7 
Mia. 25.2 21.2 22.6 21.5 25.9 23.24 50.8 | 41.8 41.2 | 63.3 46.0 48.62 
AE ee ...., 26.34 | 25.00 | 24.64 | 22.56 | 28.28 | 25.36 || 57.06 | 45.80 | 46.56 | 65.12 | 48.60 | 52.63 
4.50] 1.76 | 0.59 | 2.42) 2.15 |] 4.08 | 3.03 | 3.47 | 1.59] 1.91 | 2.82 
5.62 | 18.0 7.13 2.62 8.55 8.49 7.14 | 6.61 7.45 2.44 | 3.94 5.36 
SourHERN YELLOW Pine, 12.5% CONCENTRATION YELLOW Popxar, 5.0% CONCENTRATION 
re, per cent 8.4 | 6.9 6.6 1.3 | 94 7.74 || 7.2 6.5 7.8 7.4 | 6.4 7.06 
4.8 8s, per cent: 
8.9 34.1 18.6 24.1 33.8 20.9 26.30 || 37.0 30.8 31.2 34.8 29.9 25.80 
3.18 ee 16.4 20.1 28.8 17.2 22.26 || 29.9 24.0 25.4 22.2 27.5 25.80 
* i Ree 31.04 | 17.60 | 22.18 | 31.04 | 19.28 | 24.23 || 33.48 | 25.80 | 28.72 | 26.56 | 28.27 | 28.57 
2.20 0.72 1.44 1.93 1.40 1 54 2.36 2.54 2.05 4.31 0.87 2.43 
7.09 | 4.09 6.50 | 6.21 7.26 | 6.35 7.05 9.85 7.15 | 16.22 | 3.08 8.52 
4.88 SOUTHERN YELLOW PINE, 5.6% CONCENTRATION Borax YELLOW 12.5% CONCENTRATION 
14.12 
16.31 , ber cent 11.4 | 10.3 | 8.3 | 9.6 | 9.7 | 9.86 || 8.6 | 65 | 84 | 7.8 | 6.9 | 7.64 f 
1.73 t loss, per cent: | | | ; 
i R_ Seana 31.9 24.9 | 26.7 41.5 25.5 30.10 || 36.8 22.8 | 27.3 | 31.2 26.7 28.96 
20.8 21.3 34.8 21.0 24.46 || 29.4 | 21.1 25.3 27.0 20.9 20.70 
TION 27.46 | 23.30 | 24.00 | 38.12 | 23.50 | 27.28 || 31.8 | 21.9 26.06 | 29.64 | 23.62 | 26.60 
2.96 1.39 1.79 2.67 | 1.98 2.16 2.68 0.54 0.71 1.47 | 1.98 | 1.48 
| gai 10.76 | 5.96 7.46 7.01 8.42 7.92 8.42 2.46 2.72 4.95 8.38 5.57 
im 
art) { more irregularity in the area loss oak, and also the treated oak which was 
3 s for the pine series. The ac- known to have nonuniform distribution ; 
wer" ince limits prescribed by the New of treatment, met these requirements. 
4 a k Building Code (unburned area for The favorable results in the oak series 
10) Oy woods, at least 55 per cent; for soft- suggest the effect of density of the 


“is, at least 45 per cent) correspond to material. Additional requirements of 


| 
| 
I 
i 
= 
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the New York Code limit the duration of 
flaming to 15 sec. and duration of glow- 
ing to 20sec. The 7.5 and 12.5 per cent 
concentrations of treatment for the pine 
and the 12.5 per cent concentration of 
treatment for the poplar meet these 
requirements. The limitations of flam- 
ing and glowing appear to be more 


mens were tested. 
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TABLE XX.—DURATION OF FLAME IN TIMBER TEST. 


Nore 1.—Values for duration of flame after removal of the burner are given in minutes. 
Nore 2. ~The data in this table were obtained from the specimens referred to in Table XIX. 


a whole, only these two treatments meet 
all of the New York Code requirements, 


ComMENTS ON TEST ayp 


RESULTS 


The reproducibility of test results for 
this investigation has been discussed 
with the analysis of the data. The sen. 


Ine each case five 


Laberatory............. | P 


Aver- 
age 


vill 


SOUTHERN Pum, UNTREATED 


Waite Oak, UNTREATED 


YELLOw Pur, 2. 5% ConcenTRaTion 


| 45.00 | 34.10 


0.37 | 0.55 1. 02 0.38 1.23, 0.71 0.47 | 0.52 | 0. 42 | 0.63 | | 0.30 
0.28 | 0.31) 0.31 0.27 | 0.43 | 0.32 0.28 | 0.33 | 0.20) 0.27 | 0.27 
0.33 | 0.40 0.57 0.33 | 0.72 | 0.47 0.346, 0.410 0.314 0.360, 0.278 0.3 
0.031' 0.095 0.300, 0.048 0.324 0.063, 0.069 0.080 0.137, 0.010 0.07 
9.40 237. 5 | 52. 60 | 13.57 18.20 | 16. 82 | 25.45 | 38.05 | 3.60 | 2 


YELLOW Pessan, 


| 0.16 | 0.27| 0.26| 0.27) 0 
| | 0.17] 0.13} 0.16] 0. 
|} 0.14] 0.21} 0.19] 0.21 | 
| 0.019) 0.041) 0.040) 0.060 0. 
v. 13.58 | 19.51 | 21.05 | 28.60 | 13. 


Sourmzan Pum, | 12.5% 


.27| 0.25 |} 5.09| 4.96| 4.62) 4.87 3.45 

08 | 0.13 0.71 | 2.72 1.87 1.92 | 1.80 

0.19 2.39 3.44 3.44 | 2.90 | 2.60; 2 

025. 0.037 1.54 | 0.86 0.93 1.05 | 0.57 

90 | 19.46 || 64.40 | 25.00 | 27.05 | 36.20 | 21.9 
YELLOw Pop tar, 5 0% Comme 


| 0.12 0.09| 0.12! 0.16 | 0.08 | 0.11 0.58 | 0.34 | 0.92 0. 31 | 0. 
0.07 0 0.10 0.99; 0.05 0.22 0.27 | 0.18 | 0.22 | 0.20 
0.094, 0.030 0.110, 0.110, 0.054) 0.080); 0.37 0.31 | 0.56 | 0.25 0.24 
0.016 0.034 0.009, 0.010, 0.033 0.020) 0.15 0.03 0.51 | 0.05 | 0.05 
Riascnianeedintevencaes 17.01 113.2 | 8.18 9.10 | 61.1 | 25.0 40.6 | 9.68 | 91.1 20.0 | 20.8 | 

SouTHERN YELLOW Pum, 5 5.6% Concentration Borax YELLOw Poprar, 12.5% CONCENTRAT! 
0.22 0. 27! 0. 20 0.19 0.17 | | 0.21 0.11 | 0.15 | 0.13 | 0.12 0.08 
ee eee” 0.16 0.15 0.15 | 0.16 0.10 | 0.14 0.08 | 0.07 0.10 0.08 | 0.05 
0.196, 0.200 0.176 0.170, 0.130) 0.170)} 0.09 | 0.10 0.12 0.10 | 0.07 
0.018) 0.039 0.014) 0.045) 0.031) 0.029]} 0.010 0.029 0.010, 0.014 0.010 

Sidemindeaaaianas one 9.18 | 19.50 | 7.96 | 26.45 | 23.80 | 17.05 || 11.1 Y 


critical than the unburned area require- 
ment, which shows little differentiation 
between treatments. 

Referring also to the New York Code 
requirements for the crib test, duration 
of flaming is limited to 20 sec. and dura- 
tion of glowing to 30 sec. The 12.5 per 
cent concentrations of treatment for the 
pine and poplar meet these require- 
ments. Considering the limitations as 
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Maz......... 1.2 2.40| 4.97 | 5.95 | 4.70 |) 4.54 | 1.92) 2.43 | 3.40) 1.35| 2 
1; 1.92] 1.69} 1.04] 1.58] 1.99 2.25] 1.57] 1.42] 1.12} 0.55 Min... 
2.84 2.08 3.43 | 3.01 | 3.12 3.24 | 1.70 | 1.84|} 1.90 0.77 
g.... 1 | 1.01 | 0.13 | 0.32) 0.85) 0.29 
v... O | 31.80 || 31.20 | 7.66 | 17.38 44.70 37.65 | 27.4 | 
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approximate the practical applications. 
The maximum temperature and rate of 
weight loss in the fire tube and “‘special”’ 
crib tests furnish about the same infor- 
mation as the final weight loss. In the 
timber test, the duration of flaming and 
dowing provide a more sensitive meas- 
we of treatment than the weight loss or 


TABLE XXI.—DURATION 


CoMPARATIVE FIRE Tests oF Woop 


Comments on the operation of the 
tests and difficulties experienced, which 
were submitted by the cooperating 
laboratories along with the test data for 
use in assigning causes of variations, are 
summarized as follows: 

General.—In all of the tests included 
in this investigation, the adjustment 


OF GLOW IN TIMBER TEST. 


Nore 1.—Values for duration of glow after flaming ceased are given in minutes. 


Nore 2.—The data in this table were obtained from the specimens referred to in Table XIX. 


mens were tested. 


In each case five speci- 


| 


r | w 


laboratory 


|e | B | 


Aver- 


Aver- 
age 


age 


SouTHERN YELLOW PINE, UNTREATED 


SOUTHERN YELLOW PINE, 2.5% 


CONCENTRATION 


SouTHERN YELLOW PINE, 7.5% 


YELLOw Poprar, UNTR 


0.04 | 0.26 
0 0.16 
0.022) 0.21 
0.010, 0.032 
45.5 |152.2 


5.17 
1.80 
3.41 


0.84 
24.6 


SouTHERN YELLOW Pine, 12.5% CONCENTRATION 


0.10 
0.03 
0.074 


0.19 | 
0.11 
0.138 
0.049; 0.030 0.028 


| 0.12 | 
0 
0.05 


| 98.0 | 40.6 | 20.25 |200.0 | 46.7 


0.08 
0 0.03 
0.016 0.06 
0.032 0.028 


0.10 


0 
0 
0 
0 
0 


SOUTHERN YELLOW PINE, 5.6% CONCENTRATION BORAX 


2.54! 2.85 | 6.53 
0.65 
1.580 


0.713 


1.52 | 0.83 
3.916| 2.260) 
1.830 0.842) 


3.42 | 
0.695 


atiating 
pility 
easuret 


4 loss. The duration of flaming and 
towing is very small for the timber and 
e-tube tests on treated materials, with 
‘small range as compared to the two 
'ypés of crib tests. Good correlation 
ts between the weight loss after re- 
il of the burner and the total time 
ntinued combustion represented by 


ming and glowing in the “special” 
ctib test, 


4.3 

1.5 

2.440 
0.996 
37.45 | 45.1 | 46.8 37.3 40.8 | 4 


YELLow Poptar, 12.5% CONCENTRA 


3 | 3.93 
1.03 
1 
15 


9 0 
0 0 
4 
0 
2 


3 
1 
2 
1 
2 


and maintenance of the ignition flames, 
burners, or furnace, was affected by 
fluctuations in gas pressure and quality 
of the gas. Where the gas supply is 
variable, some form of pressure control 
seems advisable. The duration of flam- 
ing and glowing was difficult to measure 
with accuracy and subject to varied in- 
terpretations as to whether the sub- 
sequent blue flame should be included 
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| 5.92 | 2.73 | 5.25 | 4.92] 4.19 |] 2.50] 2.23] 2.65] 3.65 | 2.38 | 2.68 
1.29] 0.45 | 1.57] 3.97 | 0.08 | 1.47 |] 1.17] 0.90] 1.42] 2.06] 0.45 | 1.20 
4.38 | 2.10 2.59 |} 1.91 | 1.63 | 2.08] 2.51 | 1246 | 1.92 
0.33 | 1.90 | 0.42 | 0.82 | 1.79 | 1.052]} 0.47| 0.49| 0.42| 0.60| 0.73 | 0.542 
ns -4 | 19.7 | 18.72 | 85.2 | 40.7 || 24.6 | 30.05 | 20.20 | 23.9 | 50.0 | 28.22 a 
CONCENTRATION Waite Oak, 12.5% CONCENTRATION 
Mar... 0 0 0 0.38 | 0 0.08 |} 0.03 | | 0.81) 0 0.17 \ 
Min... 0 0 0.27) 0 0.05 |} 0 0 | 0 0 0 
aS 0 0 0 0.33 | 0 0.07 || 0.006, 0 | O 0.26 | 0 0.05 
0 0 0 0.036] 0.007}} 0.012; 0 | 0.316, 0 0.066 
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0.03 |} 0.96} 0.33 | 0. | 0.38} 0.70 
0.05 5.99 | 0.58 | 0. 1.40] 2.41 + 
0.010] 4.20] 0.14 | 0. 0.70 | 1.215 
Seen: ge 20.0 || 70.2 | 24.15 | 28. | 50.0 | 50.4 
YELLOw Poptar, 5.0% CONCENTRATION 
lax 0.03 | 0 0 0.32 | 0.07 
0 0 0 0.21 0.04 
| 0.006] 0 0 0.25 0.05 
0.012) 0 0 0.039 9.010 
200.0 | 0 0 15.6 20.0 
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with the yellow flame existing during hood does not seem necessary because of ing in 
blazing. The termination of glow on the protection against side drafts af- I condi 
poorly treated material was also difficult forded by the tube and the up-draft & tinued 
to determine. developed by the burning of the speci. 
Fire Tube Test.—The apparatus is men. The length of specimen provide 
rather heavy and bulky and its sensi- an opportunity for flame spread, but jr Nore 
tivity to weight loss may be lowered by _ well-treated material only the lower por. 1%: 


special’ 
friction on the knife-edges. The weight tion of the specimen is affected. _ 


fire tu 


TABLE XXII.—LOSS OF CROSS-SECTIONAL AREA IN TIMBER TEST. 
Norte 1.—Values for loss of cross-sectional area are expressed as percentages of the original cross-sectional are Treatmer 
specimen. y 


Note 2.—The data in this table were obtained from the specimens referred to in Table XIX. In each case fiy Board 
mens were tested. : 


Laboratory......... F | W B | Aver- 


SouTHERN YELLOW Pine, UNTREATED Waite Oak, UNTREATED 


$1.5 54.7 | 60.1 64.8 | 51.6 . 48.8 | 42.2 | 50.2 | 53.7 | 33.3 
37.0 | 41.4 | 39.0 | 45.3 | 50.0 . 36.4 | 35.8 | 43.3 | 35.5 | 29.8 
44.78 | 45.50 | 49.64 | 57.08 | 50.10 ° 44.86 | 38.80 | 47.72 42.97 | 32.10 
5.49 | 4.79 | 7.20 | 8.12 1.18 -30 | 2.13 | 2.37 | 7.30] 1.30 
12.22 | 10.51 | 14.50 | 14.22 | 2.36 . -60 | 5.50 4.97 | 17.0 4.05 


SouTHERN YELLOW PINE, 2.5% CONCENTRATION Waite Oak, 12.5% Concentration 


62.3 | 44.1 | 45.5 | 57.6 | 47.5 51. ed 32.1 | 42.5 | 59.3 | 31.5 
41.4 | 42.3 | 47.2 | 43.1 : _ 29.3 | 33.8 | 47.6 | 22.6 

| 42.80 | 43.97 | 52.80 | 45.32 ‘ . 30.70 | 38.83 | 53.99 28.02 

| 2.38) 3.40) 2.57 | 0.98 | 3.27 | 4.54) 4.12 

9.03 | 2.60) 2.55) 6.60) 3.47) 5S. 3.19 | 8.42 | 8.40 | 14.7 


SOUTHERN YELLOW PINE, 7.5% CONCENTRATION YELLOw Popiar, UNTREATED 


59.8 | 48.8 | 52.7 58.2 5. ° 74.0 od 89.0 

49.4 | 40.0 | 43.0 | 50.0 ° -2 | 66.2 53. 78.5 
53.72 | 54.90 | 43.54 | 48.86 | 50.84 . -68 | 69.90 83.28 | 
3.61 4.61 3.52 3.04 | 3.96 | 3. -99 | 2.53 3.6, 3 
6.71 8.40 8.08 | 6.22 7.79 3.62 4.36 | 5 


5. 
6. 
1. 


SOUTHERN YELLOW Pine, 12.5% CONCENTRATION YELLOW Poptar, 2.5% CONCENTR 


69.1 53.9 50.9 | 55.7 | 46.6 

° 53.0 | 42.1 34.2 | 42.2 | 43.1 | 42.9 
39.98 ° 57.90 | 46.70 | 46.20 | 48.44 | 45.50 # 

| 5.80} 4.20 5.84 3.94 6.49 | 5.52) 1.84 

| 10.61 | 10.5 | 8. 10.08 8.43 | 14.01 | 11.40 | 4.05 


SOUTHERN YELLOW PINE, 5.6% CONCENTRATION BORAX YELLOW Poptar, 12.5% CONCENTRATION 


| 66.4 | 46.6 | 54. 57.8 | 44.4 | 49.0 | 53.2 | 46.6 
58.9 | 36.9 | 45.80 || 49.6 | 39.0 | 40.7 | 48.1 | 35.1 
61.18 | 41.58 | 49.90 || 53.20 | 40.40 | 45.42 | 50.70 39.88 
2.68 | 3.98 3. 3.05 | 2.08 | 2.85 | 2.03 4.36 
4.38 | 9.57| 7. 5.73 | 5.15 | 6.28 | 4.00 | 10.92 


loss may be read accurately to 1 per cent. “Special” Crib Test.—The test 

During the test the charred end of the vides conditions very easily dupli at 
specimen may drop into the cage, thus The relative position of the burner 1a 
changing the relative position of the and specimen is maintained throug tion in 
specimen and the burner flame, and the test without manipulation and actual 
making it difficult for the operator to cept for untreated material subject 
maintain the burner directly under the _ long periods of glow, the charred matet servatic 
specimen and to record flaming or glow- remains in place. The entire crib, caso, 
ing on the piece remaining suspended. resenting a composite sample, is direc! fume | 
Enclosure of the apparatus in a fume affected by the burner flame with 


after te 


When 


® 
' 
Min, 
v. 8.44 Max... 
Min... 
: 
Max. 
Min 
Max 
Min. 
Ma: 
; Ma 
Min....................| $4.5 | 39.4 | 40 
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ing intensity from bottom to top. The N. Y. Crib Test.—The equipment 
conditions are more favorable to con- required is very simple. The test flame 
tinued flaming and glowing than in the _ is less severe than the above tests, but 
fre tube test. There is very little fric- the type of specimen is favorable to 


TABLE XXIII.—FLAME SPREAD TESTS. 


Nore 1.—The data in this table are from tests made by laboratory B. Values for specific gravity and moisture content 
of the specimens for the flame spread tests were the same as for the specimens representing the same treatments in the 
“gecial” crib tests performed by laboratory B (see Table IX). In each case five specimens were tested. 

Nore 2.—For information on treatments of test boards, see Table I. 


SOUTHERN YELLOW PINE | Oak YELLOW PopLarR 


Treatment concentra- 


| 2.5 | 7.5 12.5 | 5.6 (borax) | : , 12.5 
| 53 28 36 | 47 24 


TIME OF FLAMING, MIN. 


1.3 
0 
0.41 
0.56 
136.5 


3. 
8. 
11. 
1. 
6. 


1 


| 


10.0 . ° 14.95 | 14.84 | 
5.45 12.85 10.38 | 
8.09 ° ° 14.24 | 12.13 || 
1.36 0.5 0.73 1.6 
16.80 5.12 13.19 


n 


Weight Loss, per cent 


Ww 


Time of Flaming, min. 


6 N. 


92 


Rate of Weight Loss, per cent per mi 


oO 


8) 
23 43867 61234567 4367 
est pr Absorption, Ib. per cu. Ft. 
Fic. 20.—Flame Spread Tests. 
er flat (Made by laboratory B) 
oughou! 


axe in the weighing apparatus, and by burning, resulting in almost complete 


bjed . ial weights of specimens before and consumption for untreated material. 
ail ‘s test made by laboratory B, the ob- While the burner flame is protected by 
2 vations Were correct in nearly all the shield, it is advisable to conduct tests 
dire — to within 0.3 per cent. Use of a in a fume hood to prevent side drafts 
th vat <m hood does not seem necessary which would affect flaming and glowing 

én the shield is employed. of the specimen. In well-treated sam- 


0] 
) af- 
draft 
peci- 
vides 
T) | 
7 a 
a | 0 4.17 s.3 | 5.75 || 4.17] 416] 0 
RII SE | 4.00 0 0.58 5.0 | 0.33 || 3.0 | 0.83 | 0 . 
5.73 0 2.54 5.26 | 3.98 3.7 | 2.58 | ' 
0 1.48 || 0.14 | 1.94 0.42 | 1.12] 
| 58.3 || 2166 | 48:8 || 11:33 | 43-4 | 0 
= 
WeIGHT Loss, PER CENT 
9.7 | 35.9 78.5 | 72.4 | 85.0 | 61.7 | 13.6 
ee ee 6.0 | 12.0 77.1 | 15.2 || 82.7 | 15.2 | 10.0 
75 | 77.9 | 60.0 84.36 | 37.6 | 11.46 
‘ 2.0 8 1.26 | 9.3 || 0.49 | 22.4 0.85 | 17.4 
25 | 16.80 | 35.1 0.63 | 37.3 1.01 | 46.3 | 10.47 
RATE OF WEIGHT LOSS, PER CENT PER MIN. 
21.2 | 15.43 | 13.6 
16.38 | 6.9 | 10.0 
9.87 18.1 10.23 | 11.46 
1.36 3.2 1.2 | 
ee) i 5 | 31.25 | 10.47 
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ples only a small area in direct contact 
with the flame is affected. 

Timber Test.—The stabilizing and 
duplication of furnace conditions gave 
difficulty to some operators. The re- 
moval of the fire brick before placing 
the specimens also was inconvenient. 
The transfer of specimens from the 
furnace to the angle-iron supports re- 
quired care to avoid affecting the flaming 
and glowing. Such placement is advis- 
able under a fume hood to avoid side 
drafts. Difficulty was reported in the 
determination of the location of the least 
cross-section before cutting. With an 
ordinary planimeter, the unburned area 
selected may be measured to within 
about 1 or 2 per cent. 


Flame Spread Test.—This test a 
ducted by laboratory B has the ad- 
vantage of simplicity of operation, re. 
quiring no special apparatus. No par. 
ticular difficulties were reported. For 
untreated and well-treated samples thi 
variations of results were within 
small range. For intermediate treat- 
ments somewhat greater variation of 
observations on specimens from the same 
sample resulted, but the average values 
of weight loss differentiated betweer 
treatments as in most of the other tests 
(see Fig. 20). 


Respectfully submitted on behalf 
the subcommittee, 
W. J. 
Chairman. 
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ad REPORT OF COMMITTEE C-7 


LIME 


Committee C-7 on Lime has held two 
meetings during the year: on June 26, 
1940, in Atlantic City, N. J., and on 
March 3, 1941, in Washington, D. C. 
A special meeting of the Advisory Com- 
mittee was held on October 9, 1940, in 
Washington, D. C. 

Several changes in committee person- 
nel have occurred since the latest report 
to the Society. At present the total 
membership is 49, classified as 24 pro- 
ducers, 7 consumers, and 18 general 
interest members. 


During the year a complete reorganiza- 
tion of all subcommittees was effected. 
The purpose of the reorganization was 
to reduce the size of the subcommittees 
nd the overlapping of membership 

ereon to as great an extent as possible, 

th the thought that more effective 


rk could be accomplished. 
this direction has been made. 
lmendment to By-laws.—The follow- 
;amendment to Article V, Section 3, 
the committee’s by-laws was adopted 
ake this section consistent with the 
ety’s Regulations Governing Stand- 
Committees, with respect to voting 
standards and tentative standards: 


Progress 


‘eccommendations affecting standards or 
tive standards shall be agreed upon only at 
tings called for that purpose. An aftirma- 
vote amounting to two-thirds of those 

ng shall be required on all recommendations 
ting standards and tentative standards, 
ct to confirmation by letter ballot of the 
“te committee on which an affirmative vote 
‘mounting to two-thirds of those voting shall be 
tired. ‘Those voting’ consists of those 
“sting either an affirmative or a negative vote. 


‘Not voting’ ballots are those returned so 
marked.” 


This amendment to the by-laws of 
Committee C-7 has been submitted to 
letter ballot of the committee which con- 
sists of 49 members; 39 members re- 
turned their ballots, of whom 36 have 
voted affirmatively, 2 negatively, and 1 
member returned his ballot marked “‘not 
voting.” 

Evaluating Cubic Foot Quantities of 
Mortar Materials.—For the purpose of 
standardizing test conditions in connec- 
tion with investigations on mortars so 
that the results from different sources 
might be correlated more closely, the 
committee adopted the following values 
for cubic foot quantities of the usual 
ingredients in mortars: 


Lime hydrate o—.- 50 lb. per cu. ft. 
Portland cement.. . 94 Ib. per cu. ft. 


* A 50 lb. bag of hydrated lime shall be considered as 
1 cu. ft. of material. When quick lime putty is used 50 
Ib. of solids in sufficient putty shall be considered 1 cu. ft. 
of lime hydrate solids. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee IIT on Structural Lime 

(J. A. Murray, chairman): 

Study of Hydrated Limes.—In view of 
recent changes made by the lime industry 
in the processing of hydrated limes, an 
attempt was made by Subcommittee II 
to obtain information both on the service 
performance of these specially processed 
hydrates and on laboratory tests which 
might be used as a basis for specifica- 
tions. An insufficient amount of data 
for this purpose has been made available 
up to the'present time. Therefore, the 
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subcommittee is continuing its investiga- 
tion looking toward a future revision of 
the Standard Specifications for Hydrated 
Lime for Structural Purposes (C 6 — 31). 

Special Subcommittee on Lime in 
Mortar.—With the objective of assem- 
bling, correlating, and studying the exist- 
ing data on lime in mortar, and 
developing as much new information as 
possible, a Special Subcommittee on 
Lime in Mortar was appointed to func- 
tion under the general direction of 
Subcommittee II. A preliminary report 
was prepared by this special subcom- 
mittee which included a discussion of 
the contribution of lime to the properties 
desired in mortars, and a brief résumé 
of the present knowledge of the subject 
gained from studies made by investiga- 
tors in the United States and foreign 
countries. A rather extensive bibli- 
ography on mortars, masonry, and 
related subjects also was compiled and 
presented as a part of the report of the 
special subcommittee. 

Mortar Strength Tests.—Subcom- 
mittees II and V are collaborating in a 
study of methods for determining the 
strength of mortars and its relation to 
the strength developed in masonry. 
New methods for testing the mortar 
strength and the effects of different 
curing conditions on the results obtained 
by the cube test are to be investigated. 
Subcommittee V on Methods of Test 

(J. F. Carle, chairman): 

Methods for Determining Available 
Lime.—A series of tests on the various 
sugar and other methods for determining 
“available lime” is being conducted for 
the purpose of standardizing on a simple 
and fairly accurate procedure which can 
be used by the producer and consumer 
in evaluating lime products for various 
uses. 

Methods of Analysis for Arsenic, 
Fluorine, and Lead.—Subcommittee V 
has under way the development of ana- 
lytical methods for determining the 
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amount of arsenic, fluorine, and lead 

possibly present in lime used in the man- 

ufacture of food products, such as bak- 
ing powder. 

Methods for Slaking Quicklimes— 
Data are being collected by Subcom. 
mittee V on the various methods used in 
slaking quicklime on the job for the 
purpose of duplicating these conditions 
in the laboratory and preparing a 
laboratory procedure on the slaking 
process. Information regarding the siz 
and shape of the putty box, depth of 
putty, atmospheric temperature and 
other weather conditions, amounts of 
lime and water used, type of lime, initial 
temperature of the water, temperatures 
at different stages in the slaking process, 
time required, and the nature of the 
resulting putty, is being furnished by 
members of Committee C-7. 

Settling Rates of Lime Products. 
Since the respective settling rates of 
different types of quicklime and hydrated 
lime are of major importance in a number 
of chemical and industrial processes 
using lime, Subcommittee V is investi- 
gating the existing methods prior to the 
development of a procedure which can 
be presented to Committee C-7 fa 
consideration. 

Subcommittee VIIT on Nomenclature and 
Definitions (W. V.  Brumbaug 
chairman): 

A series of 23 proposed definitions 
covering lime and lime products, am 
terms relating to lime, has been prepare? 
by Subcommittee VIII and transmitted 
to all members of Committee C-7 for 
comment. It is expected that agret 
ment can be reached on some of thes 
definitions during the next year. 


RECOMMENDATIONS AFFECTING 
STANDARDS 


A number of proposed revisions 40 
additions to the committee’s Tentative 
Methods of Physical Tests of Quicklime 
and Hydrated Lime (C 110 - 38) a 
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id under consideration, but in view of the Standard Specifications for Hydrated 

n- fact that the work necessary in connec- Lime for Varnish Manufacture (C 47 - 

k- tin with these revisions will not be 27) needed revision. The results of the 
completed in the near future, the com- survey showed that practically all of the 
mittee recommends that the methods manufacturers who replied are following 

m- be continued as tentative for another the original specifications in the purchase 

in year. of hydrated lime for this purpose. The 

he In the absence of specific action during committee therefore recommends that 

m the year, the committee recommends these specifications be continued as 

4 continuing without revision the Tenta- standard without revision. 

ing tive Specifications for Hydraulic Hy- 

ize drated Lime for Structural Purposes This report has been submitted to 

of C 141-38 T). letter ballot of the committee, which 

ind Although no comments have been consists of 49 members; 36 members 

of received during the year relative to the returned their ballots, of whom 32 have 

tial ientative revision of the Standard voted affirmatively and 2 negatively. : 

Ires Specifications for Quicklime and Hy- 

€ss, @ drated Lime for Silica Brick Manufac- Respectfully submitted on behalf of 

the J ture (C 49-24) which was presented in the committee, 

by the 1940 report, the committee 
recommends that this revision be con- NATHAN C. Rockwoop, 

S— tinued as tentative for another year. Chairman. 

3 ol During the year the committee con- ss 

ated ducted a canvass of leading varnish W- VERNON BRrumBaucn, 

uber producers to determine whether the Secretary 

esses 

esti- 

the 

Note 

for Subsequent to the annual meeting, Committee C-7 presented to the Society : 

through Committee E-10 on Siandards a tentative revision of the Standard 7 
¢ and Definitions of Terms Relating to Lime (C 51-39). This tentative revision, 

augh, n the form of new Tentative Definitions of Terms Relating to Lime ; 

(C 51-41 T), was accepted by Committee E-10 on October 23, 1941, and 

tions ippears in the 1941 Supplement to Book of A.S.T.M. Standards, Part II, p. 265. 
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REPORT OF COMMITTEE C-8 
ON 


REFRACTORIES 


Committee C-8 on Refractories held 
two meetings during the year: one on 
September 5, 1940, at the Summit Hotel, 
near Uniontown, Pa., in conjunction 
with the Refractories Division of the 
American Ceramic Society, and the other 
on March 6, 1941, at Washington, D. C., 
with the spring group meetings of the 
A.S.T.M. 

The committee was active during the 
year. The Editorial Subcommittee pre- 


pared a new edition of the Manual of 
A.S.T.M. Standards on Refractory Ma- 
terials which was published in January, 


1941. In order to include as many 
standards as possible in the new manual, 
the following recommendations, result- 
ing from actions of the committee at its 
meeting on September 5, 1940, were 
submitted to the Society through Com- 
mittee E-10 on Standards: 


Tentative Revisions of Standard: 


Method of Test for Pyrometric Cone Equiva- 
lent of Refractory Materials (C 24-35), 

Method of Panel Test for Resistance to 
Thermal and Structural Spalling of Refractory 
Brick (C 38 — 36), 

Method of Panel Test for Resistance to 
Thermal and Structural Spalling of High Heat 
Duty Fireclay Brick (C 107 —- 40), and 

Method of Panel Test for Resistance to 
Thermal and Structural Spalling of Super Duty 
Fireclay Brick (C 122 - 40). 


Withdrawal of Standard: 


Definitions of Fireclay and Alumina-Diaspore 
Refractories (C 27-39), and publication as 
tentative of the revised Classification of Fire- 
clay Refractories (C 27 -40T). 


These recommendations were ac- 
cepted! by Committee E-10 on Novem- 


ber 5, 1940, and the tentative revisions 
and revised tentative definitions appear 
in the 1941 edition of the Manual of 
A.S.T.M. Standards on Refractory M:- 
terials and in the 1940 Supplement to 
Book of A.S.T.M. Standards, Part II. 

In 1939 the committee first presented 
to the Society a classification of certain 
refractory products in lieu of definitions 
Classifications have been handled to date 
by the Subcommittee on Nomenclature, 
but as they are not definitions it seemed 
desirable to establish a new subcom- 
mittee to handle them. A new Subcon- 
mittee IX on Classifications (E. H. Van 
Schoick, chairman) was accordingly 
formed. 

A new Section H on Consistency at 
Plasticity (P. G. Herold, chairmat 
under Subcommittee III on Tests was 
established to work on test method 
useful for evaluating fireclay plastic 
refractories, cold-set mortars, and similar 
refractory materials. 


I. REVISION OF TENTATIVE STANDAI 


Tentative Classification of Insulating 
Block and Insulating Fire Brick (C 
40 T)2—The committee recommen 
that this Tentative Classification C1 
be revised to indicate that it coves 
insulating back-up block in order! 
differentiate the material covered irom 
pipe insulation under the jurisdiction © 


1In submitting these recommendations to Com 
E-10 on Standards, Committee C-8 reported resu 


; : total voting men 
letter ballot vote as follows: Of a to af whom 5 


of 36, 32 members returned their ballots, their be 


affirmatively, 0 negatively, and 2 mark 
“not voting.” Ps 

2 1940 Supplement to Book of A.S.T.M. Standaré 
II, p. 221. 
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Committee C-16 on Thermal Insulating 
Materials. The committee also recom- 
mends, after careful consideration and 
ater receiving comments from industry, 
that the maximum bulk densities be 
revised. The committee believes that 
the proposed revised values are in line 
with present manufacturing practice, 
and that further revisions of the clas- 
jfication along these lines are not likely 
i occur within the next three years. 


sions [tis accordingly recommended that this 
peat classification be revised as follows and 
al of continued as tentative: 
Ma- Title—Change the title to read as 
nt to & follows by the addition of the italicized 
IL. words: 
owt Tentative Classification of Insulating Back- 
lan Up Block and Insulating Fire Brick. 
ve Section 2.—Insert the word “‘back-up” 
ture, tween “insulating” and “block” in 
emei ie title of this section and in the 
bcom- Jlicized heading of Paragraph 2; change 
boom value of the bulk density from 
Van “30” Ib. per cu. ft. 
ingly Table I—Change the values for the 
' @ maximum bulk densities to read as 
yand i ‘lows by the addition of the italicized 
‘man), Wures and the omission of those in 
ts was rackets: 
ethods Group 16... [38] 34 Ib. per cu. ft. 
plastic [46] 40 Ib. per cu. ft. 
similar oup 23 48 |b. per cu. ft. 
[58] 52 lb. per cu. ft. 
[62] 60 lb. per cu. ft. 
Aboprion or TENTATIVE STANDARDS 
sulating AS STANDARD 
(C 12 Committee C-8 recommends that the 
nments five tentative standards referred to 
n CL» W, Consisting of five methods of test, 
covers specifications, the methods of chemi- 
rder nalysis, definitions, and classifica- 
ed from be approved for reference to letter 
ction t of the Society for adoption as 
we “dard for the reasons given: 
sults pecifications for Refractories.—Previ- 
on 1940 there were three standard 
dards, 


specifications for refractories: namely, 
Standard C63 relating to fireclay re- 
fractories for malleable furnaces, Stand- 
ard C 64 for stationary boiler service, 
and Standard C 106 for incinerators. 
As these standards had not been changed 
appreciably for a number of years, and 
because a new classification of fireclay 
refractories was being presented, the 
committee decided to rewrite the speci- 
fications, incorporating the new classi- 
fication in them, and also improving the 
presentation of the subject matter. 
New separate specifications were written 
for refractories for heavy duty service 
and moderate duty service boilers. 
These four new specifications were 
published as tentative in 1940. Since 
no criticism has been received, the com- 
mittee believes they should be adopted 
as standard: 


Tentative Specifications for:* 


Refractories for Heavy Duty Stationary 
Boiler Service (C 64-40°T), 

Refractories for Moderate Duty Stationary 
Boiler Service (C 153 — 40 T), 


Refractories for Incinerators (C 106-40 T), 
and 
Refractories for Malleable Iron Furnaces 


with Removable Bungs, 
Ovens (C 63 —- 40 T). 


Methods of Test.—Since no criticisms 
of the following tentative methods have 
been received, it is recommended that 
they be adopted as standard without 
revision: 


and for Annealing 


Tentative Methods of: 


Testing Fireclay Refractories Under Load 
at High Temperatures (C 16-39 T),‘ 

Test for Apparent Porosity, Water Absorp- — 
tion, Apparent Specific Gravity, and Bulk 
Density of Burned’ Refractory Products 
(C 20 39 

Testing Insulating Fire Brick, (Compressive 
Strength, Flexural Strength, and Permanent 
Linear Change after Heating) (C 93 - 39 T),! 


3 1940 Supplement to Book of A.S.T.M. Standards, Part 
II, pp. 202, 206, 208, 199. 

41939 Book of A.S.T.M. Standards, Part II, pp. 958, 
963, 954, 966. 


282 


Test for Size and Bulk Density of Refractory 
Brick (C 134-—39T)* and 

Test for Warpage of Refractory Brick and 
Tile (C 154-40 T).® 


Method C 154 had previously been 
published as part of Method C 134 — 38 
T, which method was revised a year 
later. In the revision, the description 
of the warpage test was inadvertently 
omitted. Although not in the form in 
which it is now published, Method C 154 
was originally issued in 1938, and, as it 
has been in constant use by the industry 
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1940. The committee believes th 
should be adopted as standard without 
revision and incorporated in the Stand. 
ard Methods of Chemical Analysis of 
Refractory Materials (C 18 - 39), 
Definitions—No criticism has been 
received on the definitions of the terms 
abrasion, corrosion, erosion, and slagging 
which were published as tentative jp 
1940. The committee, therefore, is pro- 
posing that these terms as they appear 
in the Tentative Definitions of Terms 
Relating to Refractories (C 71-401 


ANALYSIS OF LETTER BALLOT VOTE. 


Items 


I. Revision or TENTATIVE STANDARD 


Affirmative Negative 
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Classification of Insulating Block and Insulating Fire Brick (C 155 - 40 T). 
tractor 
standa 


II. Apoption or TENTATIVE STANDARDS AS STANDARDS 
Testing Ties Refractories Under Load Test at High Temperatures 
(C 16 - 39 T) 
Test for Pin teh Porosity, Water Absorption, Apparent Specific Gravity, 
and Bulk Density of Burned Refractory Products (C 20 - 39 co” I 


‘Testing Insulating Fire Brick (Compressive Strength, Flexural Strength, 


and Permanent Linear Change) (C 93 — 39 T) 


Test for Size and Bulk Density of Refractory Brick (C 134 - 39 T) 
Chemical Analysis of Chrome Ore and Chrome Refractories (C 18 - 40 T) 


Classification of Fireclay Refractories (C 27 - 40 T) 
Definitions of ‘Terms Relating to Refractories (C 71 


Spec. for Refractories for 
(C 64-40 T) 

Spec. for Relvacteries for Moderate 
(C 153 - 40 T) 

Spec. for Refenatorion for Incinerators (C 106 - 40 T) 


Spec. for Refractories for Malleable Iron Furnaces “ai Removable 


Bungs and for Annealing Ovens (C 63 - 40 T). 


Il]. ApopTion as STANDARD OF TENTATIVE REVISION OF STANDARDS 


Spec. for Ground Fire Clay (C 105 — 36) 
Sy mbols for Heat Transmission (C 108 - 39) 


40 T)? 
Test for Warpage of Refractory Brick and Tile (C 154 - 40 T) 


Heavy Duty Stationary Boiler Service | 


Duty Stationary Boiler Service 


since that time, it now merits adoption 
as standard. 

Methods of Chemical Analysis.—-The 
Tentative Methods of Chemical Analysis 
of Chrome Ore and Chrome Refractories 
(C 18 — 40 T)® are now in general use in 
the refractories industry. No criticism 
has been received from either producers 
or consumers of chrome refractories 
since their publication as tentative in 


51940 Supplement to Book of A.S.T.M. 
Part LH, p. 218. 

61940 Supplement to Book of A.S.T.M. 
Part LI, pp. 211, 222. 

7 The recommendation for adoption as standard of these 
tentative definitions failed of approval at the annual 
meeting of the Society, see Summary of Proceedings, p. 34. 


Standards, 


Standards, 


be adopted as standard,’ for incorporatl 
in the Standard Definitions of Terms 
Relating to Refractories (C 71-36). 
Classification.Prior to 1939, Com- 
mittee C-8 had prepared the Standar’ 
Definitions of Fireclay Refractor 
(C 27 -37). In 1940, the committee 
presented a Tentative Classification of 
Fireclay Refractories (C 27-407 
rather than definitions. In_ this ner 
classification, high and intermediaté 
heat duty fireclay brick were classilé 
according to refractoriness as measurt 
by P.C.E., or by means of their behavi0t 
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in the load test, and the classification of 
moderate heat duty fireclay brick was 
removed. When this tentative classi- 
fcation was accepted by the Society in 
June, 1940, the committee, through a 
misunderstanding, failed to request that 
the standard definitions of super duty 
freclay brick and of alumina-diaspore 
refractories of C 27 - 39 be transferred 
to the new classification so that these 
products and high heat duty fireclay 
brick, intermediate heat duty fireclay 
brick, and low heat duty fireclay brick 
would be in the same standard. This 
request was transmitted to Committee 
£-10 on Standards, which accepted the 
recommendation on November 5, 1940. 
The committee now desires to have the 
Tentative Classification of Fireclay Re- 
factories (C27-407T)® adopted as 
standard. 


III. ADOPTION AS STANDARD OF 
TENTATIVE REVISIONS 
OF STANDARDS 


Standard Specifications for Ground 
Fire Clay (C 105 — 36).—The committee 
recommends that the revision® of these 
yecifications published as tentative in 
140 be approved for reference to letter 
ullot of the Society for adoption as 
standard. 

Standard Symbols for Heat Transmis- 
ion (C 108 - 39).—The committee also 
recommends that the revision!® of the 
‘ymbols for heat transmission, pub- 
shed as tentative since 1939, be ap- 
roved for reference to letter ballot of 

¢ Society for adoption as standard. 


The recommendations appearing in 
s report have been submitted to 
‘ter ballot of the committee which con- 
's of 37 members; 33 members re- 


1 xpplement to Book of A.S.T.M. Standards 
: Supplement to Book of A.S.T.M. Standards, 


1939 Book of A.S.T.M. Standards, Part II, p. 1181, or 
ayplement to Book of A.S.T.M. Standards, Part 
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turned their ballots with the results 
shown in Table I. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Industrial Survey 
(L. C. Hewitt, chairman), completed 
the following two new industrial surveys 
during the year. 


Industrial Survey of Refractory Service 
Conditions in the Portland Cement Industry, 
and 


Industrial Survey of Refractory Service 
Conditions in Stationary Steam Boilers. 


Both of these have been accepted and 
appear in the 1941 refractories manual." 

The subcommittee is working on 
surveys of refractory service conditions 
in zinc smelting and in iron cupolas. 

Subcommittee II on Research (R. S. 
Bradley, chairman) has studied the sub- 
ject of the rate of application of load to 
be employed when hydraulic testing 
machines are used to determine cold 
crushing strength and modulus of rup- 
ture of refractories. The findings have 
been incorporated as editorial changes 
in Paragraphs 5 (d) and 7 (c) of the 
Standard Methods of Test for Cold 
Crushing Strength and Modulus of Rup- 
ture of Refractory Brick and Shapes 
(C 133 — 39). 

Subcommitiee III on Tests (F. A. 
Harvey, chairman) is composed of the 
chairmen of the several sections de- 
scribed below. ‘The activity of the sub- 
committee has already been brought out 
in the foregoing recommendations on 
standards and is further amplified in the 
following discussion of the work of the 
individual sections: 

Section A on Load was temporarily 
discontinued. 

Section B on Spalling (R. E. Birch, 
chairman) studied a new style of back- 
up insulation for panels during the re- 


11 “Manual of A.S.T.M. Standards on Refractory Ma- 
terials,”’ pp. 150, 156 (1941), issued as a separate publica- 
tion. 
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heat portion of the spalling test. The 
object of this work was to devise a means 
of insulating the panels to effect a uni- 
form heat distribution at the inner face 
of the panel and the insulation. As a 
result, an even spalling takes place over 
the entire surface of the panel rather 
than a more or less concentrated action 
along the center vertical section. As a 
result of this work, the section recom- 
mended last year tentative revisions in 
the three Standard Methods C 38 — 36, 
C 107-36, and C122—37 as men- 
tioned earlier in this report. These re- 
visions are now being recommended for 
adoption as standard. 

Section C on Temperature (R. B. 
Sosman, chairman) recommended slight 
modifications in the size and shape of 
the pyrometric test cones. This recom- 
mendation, as mentioned earlier in this 
report, was accepted by Committee 
E-10 on Standards as a tentative revision 
of Method C 24 — 35. 

The section now has under way a com- 
parative study of gas-fired and electric 
furnaces for determining the P.C.E. of 
refractory materials. It is also study- 
ing the testing of plastic fire clays, par- 
ticularly those that bloat in the standard 
P.C.E. test. The study is concerned 
with calcining the clays prior to making 
the test cones and in calcining the test 
cones themselves before making the 
P.C.E. test. 

Section D on Slagging (C. E. Bales, 
chairman) has devoted its attention to 
studying the literature and preparing a 
bibliography for the period 1932 to 1940. 
The last previous comprehensive bibliog- 
raphy was prepared in 1932. 

Section E on Analysis (L. J. Trostel, 
chairman) has recommended the adoption 
as standard of the Tentative Methods 
of Chemical Analysis of Chrome Ore 
and Chrome Refractories (C 18 —40T). 

Section F on Tests of Refractory 
Insulation (W. R. Kerr, chairman) has 


continued to collect data on the class. 
fication of insulating block and insulating 
fire brick. As a result, a recommenda. 
tion was made in March, 1941, to revise 
the Tentative Classification of Insulating 
Block and Insulating Fire Brick (C 155 
-40T). The revision, given earlier jp 
this report, involves an editorial change 
and a lowering of the permissible maxi- 
mum bulk density for the various group 
identifications of insulating fire brick. 
These changes are in line with the prod- 
ucts now marketed by manufacturers 
of these materials. 

Section G on Porosity and Permanent 
Volume Change (C. E. Fulton, chair. 
man) has recommended the adoption as 
standard of the Tentative Methods of 
Test for Apparent Porosity, Water Ab- 
sorption, Apparent Specific Gravity, and 
Bulk Density of Burned Refractory 
Products (C 20—39T) and Test for 
Size and Bulk Density of Refractory 
Brick (C 134 — 39 T). 

Subcommittee IV on Heat Transfer 
(R. H. Heilman, chairman) is continuing 
to cooperate with the National Bureau 
of Standards on the development of a 
standard apparatus to determine thermal 
conductivity of refractory materials at 
high temperatures. Mr. M. S. Van 
Dusen of the Bureau reported to Com- 
mittee C-8 at the March 6, 1941, meet- 
ing in Washington, D. C., that progress 
is being made, but no definite recon- 
mendations are possible at this time. 

Two laboratories are making a com- 
parative study of the thermal cot- 
ductivity of fireclay refractories. Unt 
laboratory is using the hot-plate and the 
other the water-flow calorimeter method, 
but both make use of Globar elements 
for obtaining the necessary high tem- 
peratures. The study has not pr 
gressed far enough to make a fo 
report to the committee. 

Subcommittee V on Precision aM 
Tolerances (R. A. Heindl, chairman) 54 
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been attempting to prepare a procedure 
for statistical methods pertaining to the 
analysis of refractory test data. The 
recommended method published in the 
1937 Refractories Manual had many 
shortcomings and, so far as could be 
learned, very few people made use of the 
procedure. One reason for this was 
that the method required data obtained 
fom an appreciable number of speci- 
mens; so its use was quite limited unless 
a series of tests was conducted—a costly 
procedure not applicable to routine work. 
The recommended method was omitted 
from the 1941 manual, and reference is 
now made to the methods and practices 
outlined in the A.S.T.M. Manual on 
Presentation of Data, Third Printing, 
August, 1940. 

Subcommittee VI on Nomenclature (M. 
E. Holmes, chairman) recommends the 
adoption as standard of the Tentative 
Classification of Fireclay Refractories 
C 27-40 T). 

Subcommittee VII on Specifications 
G. A. Bole, chairman) has recom- 
mended the adoption as standard of the 
tentative revision of the Standard Speci- 
ications for Ground Fire Clay (C 105 

36) and also the adoption as standard 
{ the four tentative specifications for 
rlractories as mentioned earlier in this 
report. 


itions for fireclay plastic refractories 
' boiler furnaces and incinerator serv- 


The subcommittee is working on “aS 


ice. It is also considering specifica- 
tions for ground fire clays for patching 
and daubing mixes, and specifications 
for air-setting mortars. 

Subcommittee VIII, Editorial (L. J. 
Trostel, chairman) compiled a new edi- 
tion of the Manual of A.S.T.M. Stand- 
ards on Refractory Materials during 
the year. This includes specifications; 
classifications; methods of testing; defini- 
tions; recommended procedure for cal- 
culating heat losses through furnace 
walls; a list of standard samples of refrac- 
tory materials for chemical analysis; and 
industrial surveys of refractory service 
conditions in open-hearth practice, mal- 
leable iron industry, copper industry, 
lead industry, by-product coke ovens, 
lime burning industry, glass industry, 
portland cement industry, and stationary 
steam boilers. 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 37 members; 33 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
J. D. SULLIVAN, 
Chairman. 
L. J. TRosteEL, 
Vice-Chairman. 
S. M. PHELPs, 
Secretary. 
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Sieve Si 
REPORT OF COMMITTEE C-9 


ON 
CONCRETE AND CONCRETE AGGREGATES 


Committee C-9 on Concrete and Con- 
crete Aggregates held three meetings 
during the year: two in Washington, 
D. C., on December 7, 1940, and on 
March 7, 1941, respectively, and one 
during the annual meeting of the Society 
in Chicago, Ill. 

The Sanford E. Thompson Award 
this year was won by W. T. Thomson 
for his paper on ‘“‘A Method of Measur- 
ing Thermal Diffusivity and Conductiv- 
ity of Stone and Concrete,”! which was 
presented at the 1940 annual meeting 
of the Society. This is the second 
Sanford E. Thompson Award. 


I. TENTATIVE REVISIONS OF STANDARDS 


Standard S pecifications for Ready Mixed 
Concrete (C 94—38).2—The committee 
submits for publication as tentative a 
revision of these standard specifications 
in the form of new proposed Tentative 
Specifications for Ready Mixed Concrete 
as appended hereto* which were pre- 
pared by Subcommittee XVIII on 
Ready Mixed Concrete (R. B. Young, 
chairman). The proposed revised speci- 
fications recognize developments which 
have taken place since the adoption of 
the Standard Specifications C 94 — 38, 
which are to be continued as standard. 

Standard Method of Test for Abrasion 
of Coarse Aggregate by Use of the Los 
Angeles Machine (C 131-—39)4—The 


Am, Soc. Testing Mats.£Vol. 40, p. 1073 
940). 

2 1939 Book of A.S.T.M. Standards, Part II, p. 314. 

% These specifications were accepted as tentative by the 
Society and appear in the 1941 Supplement to Book of 
A.S.T.M. Standards, Part II, p. 321. 

41939 Book of A.S T.M. Standards, Part II, p. 288. 


committee recommends, in cooperation 
with Committee D-40n Road and Paving 
Materials, a tentative revision providing 
for the testing of a wider range in grad- 
ings of aggregates in this standard 
method, which is under the joint juris- 
diction of Committees C-9 and D-. 
The details of the proposed tentative 
revision, as indicated below, have been 
prepared by Subcommittee IX on Speci- 
fications and Methods of Tests of 
Aggregates (H. F. Clemmer, chairman) 
in the light of experience with this 
method of test: 

Section 3 (b).—Change from its present 
form: namely, 


(b) An abrasive charge of 12 spheres weigh 
ing 5000 + 25 g. shall be used with the grading 
A described in Section 4, and a charge of Il 
spheres weighing 4583 + 25 g. shall be used 
with the grading B described in Section 4. 


to read as follows: 


(b) The abrasive charge, depending upon th 
grading of the test sample as described in 5 
tion 4, shall be as follows: 


Weight of 
Charge, &- 
5000 + 25 
4584 + 25 
3330 + 20 
2500 + 15 


Number 


Grading of Spheres 


Section 4.—Change from its preseat 
form: namely, 


4. The test sample shall consist of 5000. 
clean, dry aggregate and shall conform to ele 
of the following gradings. The grading us 
shall be that most nearly representing the 4 
gregate furnished for the work. 


Passing 
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On CONCRETE AND CONCRETE AGGREGATES 


fore Ses (Square Openings) Grading Grading B 
Passing Retained on Weight, g. Weight, g. 
1} in. i 0 
1 in. 0 
2 in. 2500 
hin. 2500 


to read as follows: 


4, The test sample shall consist of 5000 g. of 
dean, dry aggregate and shall conform to one 
of the following gradings. The grading used 
shall be that most nearly representing the aggre- 
gate furnished for the work. 


Sieve Size 
(Square Openings) 


| Weight, g. 


Passing , Retained on 


1250/2500,.... 
1250 2500 ....|.... 
.... | 2500]... 


ExpLANATORY NotE.—The need for a wider 
ange of gradings for use in the Standard Method 
{ Test for Abrasion of Coarse Aggregate by 
Use of the Los Angeles Machine (C 131 — 39) 

een met in part by the revisions presented 
ear by Committees C-9 and D-4. The 
radings C and D provide, in particular, 
its of the finer sizes used in concrete and 
tuminous surface treatments. However, a 
r expansion in the range of gradings is 
1 to permit of tests of larger sizes of con- 
aggregates and of aggregates such as are 
ed for penetration macadam, water-bound 
lam and other types of construction utiliz- 
coarser materials. 
adings A and B, specified in the method 
t adopted by the Society in 1937, require 
ve charges of 12 and 11 steel or cast iron 
ts, approximately 1] in. in diameter, 
tively. Research leading to the de- 
ment of the test method showed these 
és and gradings to give substantially the 
results for the same materials. Simi- 
the new gradings C and D requiring 8 
6 of the same spheres have been demon- 
ited to give approximately the same results. 
data for these four gradings indicate the 


abrasive charges required for similar losses in 
tests of material from the same source to be 
a logarithmic function of the surface area of 
the test sample. 

Based on the relationship referred to, the 
committees proposed at their spring meetings 
to include requirements for a coarser grading 
consisting of 2500 g. of 24- to 2-in. material 
and 2500 g. of 2- to 1}-in. material tested with 
an abrasive charge of 15 of the steel or cast 
iron spheres. Subsequent. tests showed the 
losses thus obtained to be, with minor excep- 
tions, considerably lower than those found 
for the four gradings and charges specified 
in the proposed revised test method. Also 
tests made with more than 15 spheres as the 
abrasive charge failed to show proportionate 
increases in loss. Accordingly, the recom- 
mendation of the coarser grading was with- 
drawn at the June meeting. 

In withdrawing that recommendation the 
committees instructed the subcommittees hav- 
ing the test method in charge to prepare the 
preceding statement in explanation of the basis 
fer the revisions and to point to the need for 
further investigation. 


Standard Specifications for Concrete 
Aggregates (C 33 — 40).’—The committee 
recommends for publication as tenta- 
tive the following revision of this stand- 
ard which has also been prepared by 
Subcommittee IX in the interest of 
clarification: 

Section 4 (a).—Omit the parentheses 
around the figures under the column in 
the table headed ‘‘Percentage Passing,” 
and change the Note following this 
section from its present form: namely, 


Nore.—Figures in parentheses are suggested 
as limiting percentages but they may be altered 


within these limits to suit local conditions. e 


Note.—Attention is called to the fact that . 
the relatively wide range in grading which is 
shown in the above table should be permitted 
only when it is economically impracticable to 
obtain materials meeting more restrictive 
requirements. The most desirable grading will 
depend upon the type of work and the class of 
concrete. For the leaner mixes, or when a small 


to read as follows: 


5 1940 Supplement to Book of A.S.T.M. Standards, Part 
[, p. 84. 
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size coarse aggregate is used, in cases where the 
degree of workability is important, it is desirable 
to further restrict the allowable ranges in sizes 
shown so as to insure a grading approaching the 
maximum percentage passing each sieve. On 
the other hand, for the richer mixes, in the inter- 
ests of maximum strength and economy, a 
grading as coarse as is consistent with the 
requirements for workability should be specified. 
However, in no case should a range in grading 
be required more restrictive on any one sieve 
than indicated below: 


No. 16 (1190-micron) sieve ...... 
No. 50 (297-micron) sieve. . 
No. 100 (149-micron) sieve 


20 per cent 
15 per cent 
5 per cent 


Section 4 (b)..-Change the italicized 
heading of this paragraph from “Fine- 
ness Modulus” to read “Uniformity of 
Grading.” 

Standard Method of Test for Structural 
Strength of Fine Aggregate Using Constant 
W ater-Cement-Ratio Mortar (C 87 — 39).8 
The committee recommends for publica- 
tion as tentative the following revision 
of this standard method which has also 
been prepared by Subcommittee IX as 
the result of experience with this method 
of test: 

Section 3 (b).—Add the following as a 
new fifth sentence in this paragraph: 


If more than two trials must be made to obtain 
a flow of 100 + 5, the mortar should be con- 
sidered as a trial mortar and the test specimens 
prepared from a new batch. 
II. TENTATIVE STANDARDS CONTINUED 
AS TENTATIVE 


The committee recommends that the 
following three tentative standards, 
which have stood for two years or more 
without revision, be continued as tenta- 
tive without revision for the reasons 
given: 

Tentative Method of Test for Soundness 
of Aggregates by Use of Sodium Sulfate or 


6 1939 Book of A.S.T.M. Standards, Part IJ, p. 304. 


Magnesium Sulfate (C88 
While this tentative method of test js 
extensively used, it has not yet been 
established as a generally accepted 
method of test. It is the committee's 
judgment that more time must be al- 
lowed for trial.” 

Tentative Method of Test for Soundn 
of Aggregates by Freezing and Thawing 
(C 137 — 38 T).—While this _ tentative 
method of test has done much to stand- 
ardize freezing-and-thawing tests, there 


TABLE I.—ANALYSIS OF LETTER BALLOT Vo! 


Ballots 
Affirma-| Nega- /Marke 
tive | tive | “Not 
\Voting 


Items 


TENTATIVE REVISIONS OF 
STANDARDS 


Spec. for Ready Mixed Con- 
crete (C 94 39) 
Test for Abrasion of Coarse 
Aggregate by Use of the 
Los Angeles Machine 
(C 131 39) 
Spec. for Concrete Aggregates 
(C 33 - 40): 
Note following the grading | 
table in Paragraph 4 (a) 
Paragraph 4 (b) change title 
from ‘‘Fineness Modulus”’ 
to “Uniformity of Grad- 
ing” 
Test for Structural Strength of 
Fine Aggregate Using Con- 
stant Water-Cement-Ra- 
tio Mortar (C 87 - 39) 00 


has not yet been sufficient use of it to 
warrant its adoption as standard. 

Tentative Definitions of Terms Relating 
to Concrete and Concrete Aggregol 
(C 125 — 36 T).—Conflicting _ points 
view have not yet been sufficient) 
reconciled with respect to definitions for 
crushed gravel and blast furnace slag t 
warrant the adoption of these two defini 
tions as standard. 


7 A revision of this method was accepted by act 
the Society at the annual meeting as recorded in the 5 
mary of Proceedings, see p. 35. This action was appt 
by subsequent letter ballot of the committee which 
of 74 members; 61 members returned their ballots, of 


voted affirmatively, 0 negatively, and9 members mark 


their ballots ‘‘not voting.” 
8 See Editorial Note, p. 289. 
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On CONCRETE AND CONCRETE AGGREGATES 


ballot of the committee which consists of 


the committee, 
Table I. 
This report has been submitted to 
letter ballot of the committee which — LITEHISER, 


consists of 74 members; 59 members have Secretary. 


nd- 
rere EpITORIAL NOTE 

Subsequent to the annual meeting, Committee C-9 presented to the Society 

through Committee E-10 on Standards the following recommendations: 

Revision of Tentative Method of Test for: 

Soundness of Aggregates by Use of Sodium Sulfate or Magnesium Sulfate 
(C 88 — 41 T), 

Tentative Revisions of Standard: 

Method of Making and Storing Compression Test Specimens of Concrete 
in the Field (C 31 — 39), 

Method of Test for Compressive Strength of Concrete (C 39 — 39), 

Method of Securing Specimens of Hardened Concrete from the Structure 
(C 42 — 39), 

Method of Test for Compressive Strength of Concrete Using Portions of 
Beams Broken in Flexure (C 116 — 39), 

Method of Test for Specific Gravity and Absorption of Fine Aggregate 
(C 128 — 39), 

Method of Test for Specific Gravity and Absorption of Coarse Aggregate 
(C 127 — 39), and 

Specifications for Lightweight Aggregate for Concrete (C 130 — 39). 

These recommendations were accepted by Committee E-10 on August 25, 
pe 1941, and the revised tentative method and tentative revisions appear in the 
i 1941 Supplement to Book of A.S.T.M. Standards, Part II, pp. 327, and 421 to 
, 424, inclusive. 
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The recommendations appearing in returned their ballots, of whom 58 have 
this report have been submitted to letter voted affirmatively and 1 negatively. 


74 members, with the results shown in Respectfully submitted on behalf of 


F. H. JACKSON, | 
Chairman. 
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REPORT OF COMMITTEE C-11 


GYPSUM 


Committee C-11 on Gypsum held one 
meeting during the past year at the 
Mayflower Hotel, Washington, D. C., 
on March 6, 1941, in conjunction with 
the spring group meetings of the Society. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee III on Structural Gyp- 
sum Products (L. S. Wells, chairman). 
This subcommittee reviewed the Federal 
Specification for Gypsum Partition Tile 
(SS-T-316) and has revised accordingly 
the A.S.T.M. Specifications for Gypsum 
Partition Tile or Block (C 52 ~-33).2 
The revised specifications, as appended 
hereto,?, are being recommended for 
adoption as standard. 

Subcommittee IV on Testing Methods 
(C. K. Roos, chairman).-This sub- 
committee is continuing its study of the 
ammonium acetate method for deter- 
mining the purity of gypsum and cal- 
cined gypsum. A method suggested by 
B. E. Kester, who has been working with 
L. S. Wells and W. F. Clarke of the 
National Bureau of Standards on this 
method, is included in an appendix to 
this report. 


I. REVISION OF TENTATIVE STANDARD 


Tentative Definitions of Terms Relating 
to Gypsum (C 11 — 40 T).3—For the sake 
of simplicity, the committee recom- 
mends that the present definition of 


* 1939 Book of A.S.T.M. Standards, Part II, p. 79. 

* These specifications were adopted as standard by the 
Society and appear in ay 1941 Ba eee to Book of 
A.S.T.M. Standards, Part I 

31940 Supplement to oa of A.S.T.M. Standards, 
Part II, p. 


perforated gypsum lath be revised to 
read as follows and continued as tenta- 
tive: 

Perforated Gypsum Lath.—A gypsum lat 
with perforations not less than 3 in. in diameter 


with one perforation for not more than eact 
16 sq. in. of lath. 


In accordance with the recommenda- 
tions of Committee E-8 on Nomenclature 
and Definitions, Committee C-11 recon- 
mends the deletion of the definition of 
the term “gypsum plaster board” as 
this definition is now unnecessary in 
view of the changes being recommended 
later in this report in the definitions « 
gypsum lath, gypsum sheathing board, 
and gypsum wall board. 


II. REVISIONS OF STANDARDS 


Standard Specifications for Gypsum 
(C 25).4—-In these specifications 
Section 2 on Forms and Sizes, describes 
four forms of gypsum and four sizes 
The secretary, at the request of the com- 
mittee, submitted this section to the 
industry for comment and, in accordance 
with the comments received, the com- 
mittee recommends for immediate adop- 
tion the following revision in Standard 
Specifications C 22 and accordingly ass 
for a favorable nine-tenths vote at ti 
annual meeting in order that this chang 
may be referred to letter ballot of t 
Society: 

Section 2.—Change the title per 
“Forms and Sizes” to read “Size” 
change this section from its pres! 
form: Seren: 


41939 "£1939 Book of AS.T.M. Standards, Part II, p- 63 
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2. Gypsum may be in any of the following 
forms and sizes: 

(a) Run-of-Mine Gypsum.—The form in 
which it comes from the mine or quarry. 

(b) Crushed Gypsum.—Run-of-mine gypsum 
further reduced so that all of it passes a 3-in. 
ring, and not more than 25 per cent passesa 
No. 100 (149-micron) sieve. 

(c) Sized Gypsum.—Gypsum, all of which 
shall pass a 1}-in. ring, and not more than 10 
per cent of which shall pass a }-in. sieve. 

(d) Ground Gypsum.—Gypsum further re- 
duced for specific uses. Ground gypsum may 
be in any of the following standard forms: 

No. 1.—All passing a No. 14 (1410-micron) 
sieve, and not less than 85 per cent passing a 
No. 100 (149-micron) sieve. 

No. 2.—All passing a No. 14 (1410-micron) 
seve, and not less than 60 nor more than 85 
per cent passing a No. 100 (149-micron) sieve. 

No. 3.—All passing a No. 8 (2380-micron) 
seve, and not less than 40 nor more than 60 
per cent passing a No. 100 (149-micron) sieve. 

No. 4.—All passing a No. 100 (149-micron) 
seve. 
to read as follows: 

2. Gypsum may be crushed and ground to 
the size specified by the purchaser. 


Standard Specifications for Gypsum 
Partition Tile or Block (C 52-33). 
The committee has been considering 
he revision of these specifications for 
several years because of several obsolete 
ections in the specification, but since 
é Federal Specifications Board was 
‘gaged in the preparation of a federal 
secification for gypsum partition tile, 
tion was withheld until the federal 
ecification was approved. This speci- 
ition has now been promulgated, and 
mmittee C-11 has revised the Stand- 
‘td Specifications for Gypsum Partition 
‘le or Block (C 52 —- 33) so that they 
“ein agreement with the Federal Speci- 
‘ation for Gypsum Partition Tile 
%~T~ 316). The revised specifica- 
ons appended hereto? are accordingly 
‘commended for immediate adoption 
replace the present standard. The 
mmittee accordingly asks for a favor- 
~€hine-tenths vote at the annual meet- 
$i order that the revised specifica- 


tions may be referred to letter ballot of 
the Society. 

Standard Methods of Testing Gypsum 
and Gypsum Products (C 26 — 40).5—In 
Sections 37 and 38 of Standard Methods 
C 26, a procedure is outlined for the 
determination of the percentage of 
absorption and rate of absorption of 
gypsum partition tile. |The revised 
Specifications for Gypsum Partition 
Tile or Block,? which the committee is 
recommending for adoption as standard 
at this meeting, do not contain any 
reference to percentage of absorption or 
rate of absorption. It is not felt neces- 
sary to include requirements for ab- 
sorption because the specifications pre- 
scribe a minimum compressive strength 
when saturated and also specify that the 
surfaces of the tile shall be such that 
they afford a suitable bond with plaster. 
The committee recommends the im- 


mediate deletion of Sections 37 and 38 
from Methods C 26 and accordingly 


asks for a favorable nine-tenths vote at 
the annual meeting in order that this 
change may be referred to letter ballot 


of the Society.® _ 


Tentative Definitions of Terms Relating 
to Gypsum C 11 — 40 T3—In accordance 
with the recommendation of Committee 
E-8 on Nomenclature and Definitions, 
Committee C-11 has revised the defini- 
tions of gypsum lath, gypsum sheathing 
board, and gypsum wall board as fol- 
lows and asks that these revised defini-_ 
tions be approved for reference to letter 
ballot of the Society for adoption as 
standard: 

Gypsum Lath.—A sheet or slab having an 


incombustible core of gypsum, containing not 
more than 15 per cent by weight of fiber, and 


III. Abortion oF TENTATIVE 
STANDARDS AS STANDARD 


51940 Supplement to Book of A.S.T.M. Standards, 
Part II, p. 55. 

¢This recommendation was modified at the annual 
meeting of the Society and action taken to publish the 
revision for a year as tentative, with the understanding 
that it would be submitted to letter ballot of the Society 
for adoption as standard in 1942. 
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surfaced with paper suitable to receive gypsum 
plaster. 

Gypsum Sheathing Board.—A sheet or slab 
having an incombustible core of gypsum, con- 
taining not more than 15 per cent by weight of 
fiber, and surfaced with a water-resistive paper. 

Gypsum Wall Board.—A sheet or slab having 
an incombustible core of gypsum, containing 
not more than 15 per cent by weight of fiber, 
and surfaced with paper suitable to receive 
decoration. 


Standard Specifications for Gypsum 
(C 22 — 25)4—-The committee recom- 
mends that the revision of Section 7(d), 
including the note following Paragraph 
(c), of Specifications C 22 published as 
tentative last year’ be approved for 
reference to letter ballot of the Society 
for adoption as standard. 


IV. ADOPTION AS STANDARD OF 
TENTATIVE REVISION OF | 
STANDARD 


V. EprroriAL REVISIONS OF STANDARDS 


Standard Specifications for Gypsum 
Wall Board (C 36 — 34),8 Gypsum Lath 
(C 37 —40),° and Gypsum Sheathing 
Board (C79 34).°—In Section 1 of 
each of these specifications the product 
is referred to as a “gypsum plaster 
board.”” Inasmuch as the term gypsum 
plaster board is being deleted from the 
Tentative Definitions of Terms Relating 
to Gypsum (C 11 - 40 T), the committee 
recommends an editorial change in each 
of these specifications. In Specifications 
C 37 substitute the words “which are” 
for the words “gypsum plaster boards;” 
and in Specifications C 36 and C79 
substitute the words “‘which is” for the 
words “a gypsum plaster board.” 

In Section 3 of each of these specifica- 
tions reference is made to Sections 38 
to 40 of the Standard Methods of Test- 
ing Gypsum and Gypsum Products 


71940 ~ 7 to Book of A.S.T.M. Standards, 
Part II, p. 337. 
8 1939 Book of A.S.T.M. Standards, Part II, 
art 


10 1939 Book’ of A.S.T.M., Standards, Part II, p. 82. 
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(C 26—40)5 The addition or omission 
of a section in Methods C 26 requires the 
renumbering of subsequent sections 
which may make necessary changes in 
the references to these methods which 
appear in other standards. The com. 
mittee therefore recommends the omis- 
sion of the words “Section 38 to 40 of” 
from Section 3 of these three specifi 
tions. 


The recommendations appearing ir 
this report have been submitted to letter 
ballot of the committee which consists of 
23 members; 23 members returned their 
ballots with the results shown in Table]. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE 


Ballots 
Affirma- Nega- | Marked 
tive tive | “Not 
vot 


Items 


I. REvIsion OF TENTATIVE 
STANDARD 


Definitions of Terms Relating 
to Gypsum (C 11-40T 


II. REvIsIONS OF STANDARDS 


Spec. for Gypsum (C 22 - 25), 
immediate adoption... .. 

Spec. for Gypsum Partition 
Tile or Block (C 52-33), 
immediate adoption 

Methods of Testing Gypsum 
and Gypsum Products 
(C 26-40)..... 


III. Apoption or TENTATIVE 
STANDARD AS STANDARD 
Definition of Terms Relating 
to Gypsum (C 11-40T). 


1V. ADOPTION AS STANDARD OF 
TENTATIVE REVISION OF 
STANDARD 
Spec. for Gypsum (C 22 - 25).. 23 


This report has been submitted to 
letter ballot of the committee which 
consists of 23 members; 23 members tt 
turned their ballots, all of whom hav 
voted affirmatively. 


Respectfully submitted on bebalf of 


the committee, 
L. S. WELLS, 


“| Chairman. 
H. J. ScHWEIM, 


Secretary. 
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1. Scope.—This method covers the pro- 
cedure for determining calcium sulfate in 
gypsum and gypsum products by extraction 
with ammonium acetate solution. 

2. Reagents: (a) Ammonium Acetate 
Solution —Dissolve 454 g. of c.p. ammonium 
acetate in 2 liters of water. Add sufficient 
NH,OH to make the solution distinctly 
ammoniacal, using phenolphthalein as the 
indicator. 

(b) Ammonium Hydroxide Wash Solution. 

Dilute 100 ml. of NH,OH (sp. gr. 0.90) 
to 1 liter. 

(c) Filter Aid. 
maceous silica. 

3. Procedure Using Gooch Crucible: (a) 
Weigh rapidly approximately 4 g. (Note 1) 

the well-mixed sample and transfer to a 
beaker. 


Analytical grade diato- 


Nore 1.—All weighings shall be made to 0.001 
xcept that weights of crucibles and of their 
ents shall be determined to 0.0001 g. 


)) Without delay, weigh 1 g. of the 
mixed sample in a tared weighing 
ttle having a ground-glass stopper. Dry 
sample and weighing bottle to constant 
ght at 45C. (Notes 2 and 3), and 
culate the percentage loss in weight at 
) C, (largely uncombined water) as follows: 


sin weight at 45 C., per cent 


A-B 
= x 100 
Cc 


This proposed method was 5 ; 
prepared by L. S. Wells 

Wr Clarke, National Bureau of Standards, and 

. by B. E. Kester, United States Gypsum Co. 

Proposed method is under the jurisdiction of the 


T.M. Committee C 11 ; i i 
-ll1on Gypsum. Published as in- 
frmation, June, 1941. 


APPENDIX 


PROPOSED METHOD OF TEST FOR CALCIUM SULFATE IN GYPSUM AND 
GYPSUM PRODUCTS BY THE AMMONIUM ACETATE METHOD! 
This is a proposed method and is published as information only. 


Comments are solicited and should be addresssed to the American 
Society for Testing Materials, 260 S. Broad St., Philadelphia, Pa. 


where: 
A = original weight of sample and 
weighing bottle, 
B = weight of sample and weighing 


bottle dried to constant weight at 
45 C., and 
C = original weight of sample. 
Calculate the weight of the 4-g. sample 
(Paragraph (a)) corrected for 
heating to constant weight at 45 C. 
If the percentage by weight of combined 
water held by the calcium sulfate is desired, 
heat the sample and weighing bottle to 
constant weight at 220C., and calculate 
the percentage of combined water as follows: 


loss on 


B-—D 
100 


Combined water, per cent = 


where: 


B = weight of sample and weighing 
bottle dried to constant weight at 
45C., 

D = weight of sample and weighing 
bottle dried to constant weight at 
220 C., and 

E = weight of weighing bottle. 


Nore 2.—Avoid overheating in all oven dry- 
ing of ammonium acetate residues, that is, place 
crucibles well away from the heating elements. 
This is of particular importance for samples 


high in impurities, as these impurities often have — 


water of hydration that is lost on local over- 
heating. 

Norte 3.—Stopper weighing bottles immedi- 
ately upon removal from the oven in order to 
prevent absorption of moisture from the air 
upon cooling. 
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(c) To the contents of the 600-ml. beaker 
(Paragraph (a)), add 350 ml. of the am- 
monium acetate solution, and stir the 
mixture thoroughly so as to loosen all of the 
solid matter from the bottom of the beaker. 
Add 0.2000 g. of redried diatomaceous 
silica to the mixture, heat the beaker and 
contents to 70C. on a steam bath, and 
maintain at that temperature for 30 min., 
while stirring frequently. During the heat- 
ing, keep the solvent ammoniacal by addi- 
tions of NH,OH and phenolphthalein, if 
indicated. (Meanwhile, heat a supply of 
the ammonium acetate solution to 70C., 
keeping it also distinctly ammoniacal.) 
Filter the mixture, with suction, through a 
tared Gooch crucible, stirring frequently 
during filtration to keep the diatomaceous 
earth suspended in the liquid. Wash the 
Gooch crucible containing the residue with 
five 10-ml. portions of the warm acctate 
solution, draining thoroughly after each 
washing. Wash in the same manner with 
eight 10-ml. portions of the NH,OH wash 
solution. Care shall be exercised to wash 
the upper walls of the Gooch crucible. 
Drain the crucible dry with suction, place 
in an oven at 70C., and dry to constant 
weight. Allow the crucible to cool in a 
desiccator before weighing. 

(d) Calculate the percentage of CaSO,- 
XH,0 on the basis of the sample dried to 
constant weight at 45 C., as follows: 


CaSO,-XH,.O, per cent 


F — (G — @) 
F 
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where: 


F = weight of sample, corrected for loss 
on heating to constant weight at 


45C., 
G = weight of dried crucible and 
tents, and 


H = weight of crucible plus diatomaceoys 


silica used as filter aid. 


4. Procedure Using Tared Filter Papers? 
(a) Dry a quarter-folded, 11-cm. quantita- 
tive filter paper overnight at 70C. ina 


wide-form, glass-stoppered, 30 by 60-mm. 
weighing bottle. After drying, cool the 
weighing bottle and paper in a desiccator, 
and weigh. 

(b) Treat the sample exactly as described 
in Section 3 prior to the filtration. Filter 
the mixture by gravity through an ordinar 
7-cm. glass funnel, stirring frequently during 
filtration to keep the diatomaceous earth 
suspended in the liquid. Wash the filter 
paper and residue with five 10-ml. portion 
of warm acetate solution, draining thor 
oughly after each washing. Wash in th 
same manner with eight 10-ml. portions. 
the NH,OH wash solution. After final 
draining replace the paper and residue 
the weighing bottle, and dry at 70C. | 
constant weight. Cool the weighing bottle, 
paper, and residue in a freshly prepared 
desiccator before weighing; this is essentia 
due to the hygroscopic character of paper 

(c) Calculate the percentage of CaSO; 
XH.O as described in Section 3 (d), substi 
tuting the weight of the weighing bottle and 
filter paper for the weight of the crucible 

2 This procedure is suggested as an alternative m 
where several samples are to be analyzed at once. It 


been found that gravity filtration on six samples will f 
ceed as rapidly as it is possible to handle them. 
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La 
ra Committee C-12 on Mortars for Unit 
the 
sity Masonry has held three meetings during 
the past year: in Atlantic City, N. J., 

bed on June 25, 1940; in Washington, D. C., 
ilter on December 5, 1940 and on March 26, 
1941. 

ring The membership at present totals 35, 
art of whom 14 are classified as producers, 8 
iter as consumers, and 13 as general interest 
members. 

th In addition to the subcommittees 
mae listed in the 1939 and 1940 annual re- 
fina ports, the following working subcom- 
re i mittees have been established: 
Bt Working Subcommittee on Mortar for 
ottle, Reinforced Brick Masonry (H. C. 
pared Plummer, chairman), and 
ntial, Working Subcommittee on Mortar 
rm for Concrete Masonry Units (R. B. 
od Crepps, chairman). 
wee he Working Subcommittee on Sound- 
ible. and Volume Change of Mortar (R. 
we Davis, chairman) was discharged, 
= ng completed its work of preparing a 


rogram of tests. 

Although but one specification is being 

lered for publication as tentative at 

is time, most of the standing and work- 

¢ subcommittees have been active. 

Subcommittee II on Methods of Test 
0. Anderegg, chairman) has been 
lying effects of curing (absorbent 
us nonabsorbent molds) and of shape 
‘est specimen on compressive strength, 
| the durability of mortar when sub- 
ted to frost action. Through the 
tking Subcommittee on Workability 
Plasticity (L. A. Wagner, 
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comparisons of methods for measuring 
plasticity are being made. Results have 
been submitted to the committee by 
M. O. Withey, W. C. Voss, P. S. Roller, 
and others. Subcommittee II has re- 
cently been reorganized with respect to 
scope. The formulation of methods of 
test for use with specifications has been 
transferred to the jurisdiction of Sub- 
committee III. Subcommittee II will 
continue as a research subcommittee. 

Subcommittee III on Specifications 
for Mortar is in process of reorganiza- 
tion both in respect to scope and per- 
sonnel. The working subcommittees 
under the jurisdiction of Subcommittee 
III have been quite active. The work- 
ing Subcommittee on Mortar for Glass 
Block (G. M. Rapp, chairman) prepared 
and submitted as information com- 
plete proposed specifications for mortar, 
but is not offering these specifications as 
a tentative standard until certain mar- 
keting policies of the glass block in- 
dustry have been clarified. The working 
Subcommittee on Mortar for Concrete 
Masonry Units (R. B. Crepps, chairman) 
has held meetings and is making progress 
in the preparation 
The Working Subcommittee on Mortar 
for Reinforced Brick Masonry (H. C. 
Plummer, chairman) has prepared and 
submitted proposed Specifications for 
Mortar for Reinforced Brick Masonry, 
as appended hereto.! These specifica- 
tions are being recommended for publi- 


! These specifications were accepted as tentative by the- 


one and appear in the 1941 Supplement to Book of 
A.S.T.M. Standards, Part II, p. 278. 


of specifications. . 
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cation as tentative, as indicated later 
in this report. The proposed specifica- 
tions have as their background, exten- 
sive research,” both in the United States 
and abroad, and observations of field 
practice on the Pacific Coast where this 
type of masonry is considerably used. 

Subcommittee IV on Specifications 
for Aggregates for Mortar (Stanton 
Walker, chairman) has been giving con- 
sideration to an extensive revision of the 
Tentative Specifications for Aggregate 
for Masonry Mortar (C 144 — 39 T) but 
has not yet submitted a recommenda- 
tion. 

Subcommittee V on Admixtures for 
Mortar (W. C. Voss, chairman) had re- 
ferred to it the request of certain pro- 
ducers that specifications for clay used as 
an admixture for mortar be prepared, 
but has not yet submitted a recommenda- 
tion. 

The Joint Working Subcommittee 
(with Committee C-15 on Manufactured 
Masonry Units) on Efflorescence has 
continued its research activities. 


New TENTATIVE STANDARD 


The committee recommends for pub- 
lication as tentative, new Specifications 
for Mortar for Reinforced Brick Ma- 


2See Bibliography appearing in Brick Engineering, 
p. 338, published by Structural Clay Products Inst. (1939); 
also — by C.W. Hamann and L. W. Burridge, ‘‘Rein- 
sees rick Work,” The Structural Engineer, April, 1939, 
p. 249. 7 
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sonry, as appended hereto.’ The cop. 
siderations governing the preparation of 
these specifications are presented in the 
section of this report concerning Sub- 
committee III on Specifications for Mor. 
tar. 

This recommendation*® has been sub- 
mitted to letter ballot of the committee 
which consists of 35 members; 30 mem- 
bers returned their ballots of whom 19 
have voted affirmatively, 5 negatively, 
and 6 marked their ballots “not voting.” 
The classified vote on this recommenda- 
tion was as follows: Affirmative: 7 
producers, 3 consumers, 9 general inter- 
ests; negative: 2 consumers, 2 producers 
and 1 general interest. 


This report has been submitted 
letter ballot of the committee which 
consists of 35 members, 21 members 
returned their ballots, of whom 18 have 
voted affirmatively and 3 negatively 


Respectfully submitted on behalf 
the committee, 
J. W. McBurney, 
Chairman 


3 The changes in these specifications, presentec 
annual meeting, see Summary of Proceedings, p. : 
approved by letter ballot of the committee which 
of 35 members; 21 members returned their ballots 
15 have voted affirmatively, 1 negatively, and 5 m 


PLuMMER, 
Secretary. 


marked their ballots ‘‘not voting.” 


Cor 
held 
Chica 

As | 
Comn 
subsec 
throug 
tentat 
Specif 
C14 
Sewer 
forced 
37). 
chang 
the 16 
three | 
rate te 
when 
These 
of whi 
by Co 
and a 
Book 
Tentati 

Con 

Rein 

an 

Rein 

40 


Apopy 


As 
the th 
meetiy 


gy 
E10 on 
results 6 
returned 
4, I 


| 
= 
a 
| 
wo 4 = 
| 


REPORT OF COMMITTEE C-13 


Committee C-13 on Concrete Pipe 
held one meeting during the year in 
Chicago, Ill., on March 22, 1941. 

As mentioned in the report last year, 
Committee C-13 presented to the Society 
subsequent to the 1940 annual meeting 
through Committee E-10 on Standards 
tentative revisions of the Standard 
Specifications for Concrete Sewer Pipe 
C14-35), for Reinforced Concrete 
Sewer Pipe (C 75 — 35), and for Rein- 
forced Concrete Culvert Pipe (C 76- 
37). Due to the extensive nature of the 
hanges, which were described briefly in 
the 1940 report, the revisions of these 

ree standards were submitted as sepa- 
rate tentative specifications to supersede 

en adopted the present standards. 
these tentative specifications, the titles 
which are as follows, were accepted! 

y Committee E-10 on August 28, 1940, 

nd appear in the 1940 Supplement to 

k of A.S.T.M. Standards: 


nlative Specifications for: 


ncrete Sewer Pipe (C 14 - 40 T), 
Reinforced Concrete Sewer Pipe (C 75-40T), 
and 


‘inforced Concrete Culvert Pipe (C 76 - 
40 T). 


OPTION OF TENTATIVE STANDARDS AS 
STANDARD 


As the result of a detailed review of 
€ three tentative specifications at its 
eting in Chicago on March 22, the 


bmitting these recommendations to Committee 
ts spandards, Committee C-13 reported the following 
ts of the letter ballot vote of a total of 24 ballots 
4 Tom a committee membership of 26: C 14, affirma- 

» Negative 0; C 75 and C 76, affirmative 22, negative 2. 
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committee now recommends that they 
be adopted as standard, with minor 
revisions in the specifications as given 
below. 

These revised specifications will then 


supersede the present standard specifica- 
tions. 


Tentative Specifications for Concrete 
Sewer Pipe (C 14-40T),? revised as 
follows: 

Section 5. 
form: namely, 


Change from its present 


5. Portland cement shall conform to the 
Standard Specifications for Portland Cement 
(A.S.T.M. Designation: C 9) or the Standard 
Specifications for High-Early-Strength Portland 
Cement (A.S.T.M. Designation: C 74), of the 


American Society for Testing Materials. 7 


5. Portland cement shall conform to the 
requirements for type I or type III as pre- 
scribed in the Standard Specifications for 
Portland Cement (A.S.T.M. Designation: 
C 150), of the American Society for Testing 
Materials. 


to read as follows: 


Tentative Specifications for Reinforced 
Concrete Sewer Pipe (C75 -40T),? re- 
vised as follows: 

Section 5.—Make the same change in 
this section as recommended above in 
Section 5 of Specifications C 14. 

New Section.—Add a new Section 15 
on Joint Reinforcement to read as 
follows, renumbering the remaining sec- 
tions accordingly: 


2 1940 Supplement to Book of A.S.T.M. Standards, Part 


II, pp. 235, 
31941 Sup 
II, p. 1. 
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plement to Book of A.S.T.M. Standards, Part 
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15. In all pipe 36 in. or more in diameter, 
the joint shall have a circumferential reinforce- 
ment equal in area to that of a single line 
within the barrel of the pipe. 


Section 18.—Renumber as Section 19 
and add the following new sentence 
between the first and second sentences: 


The selection shall be made at the point or 
points designated by the purchaser when placing 
the order. 


Section 19.—Renumber as Section 20 
and change from its present form to read 
as follows: 


20. A purchaser of pipe, whose needs require 
shipments at intervals over extended periods of 
time, shall be entitled to preliminary tests of not 
more than three sections of pipe covering each 
size, 12 to 72 in. in diameter, in which he is 
interested. The acceptability of 78 to 108-in. 
pipe shall be determined by tests of the quality 
of the concrete as placed in the pipe and by 
examination of the quality, amount, and accu- 
racy of placement of the reinforcement. The 
strength of the concrete shall be determined 
from 6 by 12-in. test cylinders made from the 
concrete used in making the pipe and manu- 
factured and cured under identical conditions 
with the pipe. Compression tests of such 
cylinders shall be made in accordance with the 
Standard Method of Test for Compressive 
Strength of Concrete (A.S.T.M. Designation: 


C 39) of the American Society for Testing’ 


Materials. After these preliminary tests, a 
purchaser shall be entitled to additional tests in 
such numbers and at such times as he may deem 
necessary, provided that the total number of 
pipe tested shall not exceed 0.5 per cent of the 
pipe delivered. 


Section 25..-Renumber as Section 26 
and change from its present form to read 
as follows: 


26. By agreement between the purchaser and 
the manufacturer, the acceptability of all sizes 
of pipe may be determined by tests of the 
quality of concrete as placed in the pipe and the 
examination of the quality, amount, and accu- 
racy of placement of the reinforcement. The 
strength of the concrete shall be determined as 
specified in Section 20. 


* 1939 Book of A.S.T.M. Standards, Part II, p. 328. 


Section 29.—Change Paragraph (} 
from its present form to read as follows: 


(b) Variations of the position of the reinforce. 
ment shall not exceed { in. from the positio, 
provided in the design for pipe having an interna] 
diameter of 48 in. or less, and shall not exceed 
} in. for larger pipe; but the cover on the reip 
forcement shall be not less than 3 in. at any point 


Add a new Paragraph (c) to read as 
follows: 


(c) The underrun in length of pipe from that 
specified shall be not more than } in. per ft 
with a maximum of 3 in. in any length of pip 


Tentative Specifications for Reinforced 
Concrete Culvert Pipe (C 76 - 407); te. 
vised as follows: 

Section 5.—Make the same change j 
this section as recommended above it 
Section 5 of Specifications C 14. 

Section 11.-Change the second sen- 
tence to read as follows by the addition 
of the italicized words: 


In circular pipe having two lines of ¢ 
reinforcement, each line shall be so plac 
the net protective covering of concrete over 
reinforcement in the barrel of the pipes 
not less than 1 in. 


Section 15.—Change to read as follows 
by the addition of the italicized words 
and the omission of those in bracket 


15. [In bell and spigot pipe, and in 
and groove] In all pipe 36 in. or more ir 
eter, the joint shall have a circumf 
reinforcement equal in area to that of 
line within the barrel of the pipe. 


Section 20.—Add the followin; 
sentence between the first and s 
sentences: 


The selection shall be made at the p 
points designated by the purchaser when | 
the order. 


Section 21.-Change from its pres 
form to read as follows: 


21. A purchaser of pipe, whose needs 
shipments at intervals over extended pen 


5 1940 Supplement to Book of A.S.T.M. Standards," 
II, p. 253. 


concrete 
facturec 
vith tl 
cylinder 
the Sta 
Strengt 
> 39) 

Materia 
purchas 
n such 
leem 
pipe 
pipe del 


Foot 
recomr 
of this 

Sectt 
form. te 

28. 
‘be mar 
I pipe 
quality 
racy of 
strength 
48 specif 


Secti 
to! 


(c) 


specified 
with a n 


time, 
not mo 
each siz 
of the 
racy of 
strengt 
= 
- 
| 
dc 


I pit 


for 


nge i 
ve 


sen- 
dition 


ed that 
ver the 


shall be 


follows 
words 
ackets: 


1 tongue 
in diam- 
ferential 
a single | 


ng nes 
second 


point of 
n placing 


present 


ds requizt 
periods © 


time, shall be entitled to preliminary tests of 
not more than three sections of pipe covering 
ach size, 12 to 72 in. in diameter, in which he is 
interested. The acceptability of 78 to 108-in. 
sipe shall be determined by tests of the quality 
of the concrete as placed in the pipe and by 
samination of the quality, amount, and accu- 
acy of placement of the reinforcement. The 
trength of the concrete shall be determined 
ftom 6 by 12-in. test cylinders made from the 
concrete used in making the pipe and manu- 
ictured and cured under identical conditions 
sith the pipe. Compression tests of such 
cylinders shall be made in accordance with 
the Standard Method of Test for Compressive 
Strength of Concrete (A.S.T.M. Designation: 
¢ 39) of the American Society for Testing 
\aterials.? After these preliminary tests, a 
purchaser shall be entitled to additional tests 
such numbers and at such times as he may 
em necessary, provided that the total number 
{pipe tested shall not exceed 2 per cent of the 
pipe delivered. 


Footnote 8.—Delete the phrase “It is 
recommended that” from the beginning 
if this footnote. 

Section 28.—Change from its present 

m to read as follows: 


8. By agreement between the purchaser and 

nanufacturer, the acceptability of all sizes 

» may be determined by tests of the 

ty of concrete as placed in the pipe and the 

mination of the quality, amount, and accu- 

{ placement of the reinforcement. The 

rength of the concrete shall be determined 
ecified in Section 21. 


section 32.—Add a new Paragraph 
to read as follows: 


The underrun in length of pipe from that 
¢d shall be not more than } in. per ft. 
i maximum of 3 in. in any length of pipe. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 26 voting members; 26 members 
returned their ballots, with the results 
shown Table I. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Affi N 
irma-| Nega- arke 
Items tive | tive | “Not 
Voting” 
ADOPTION OF TENTATIVE 
STANDARDS AS STANDARD 
Spec. for Concrete Sewer 
Pipe (C 14 - 40 T), to re- . 
place Standard Specifications 
> 23 2 1 
Spec. for Reinforced Concrete 
Sewer Pipe (C 75 - 40 T), as 
revised, to replace Standard 
Specifications C 75 - 35%..... 20 5 1 
Spec. for Reinforced Concrete 
Culvert Pipe (C 76 - 40 T), 
as revised, to replace Stand- 
ard Specifications C 76 -37°.| 20 5 1 


-@ The classified vote on the adoption as standard of the 
Tentative Specifications for Reinforced Concrete Sewer 
Pipe (C 75 - 40 T) was as follows: Affirmative:9 producers, 
9 consumers, 2 general interests; negative: 1 producer, 3 
consumers, 1 general interest. 

The classified vote on the adoption as standard of the 
Tentative Specifications for Reinforced Concrete Culvert 
Pipe (C 76 - 40 T) was as follows: Affirmative: 9 producers, 
9 consumers, 2 general interests; negative: 1 producer, 3 
consumers, 1 general interest. 

This report has been submitted to 
letter ballot of the committee which 
consists of 26 voting members; 26 mem- 
bers returned their ballots, of whom 22 


voted affirmatively and 3 negatively. 


Respectfully submitted on behalf of 
the committee, 
THEODORE DOLL, 
Chairman. 
M. W. Lovine, 
Secretary. 
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REPORT OF COMMITTEE C-14 


Two meetings have been held this 


year by Committee C-14 on Glass and 
Glass Products: the first in Atlantic 
City, N. J., on June 25 and 26, 1940, 
and the second at Baltimore on April 1, 
1941. A number of subcommittee meet- 
ings have also been held. 

Membership changes include the addi- 
tion of two new members, and a change 
in representation of one member. The 
present membership is 41, of whom 13 
are classified as producers, 15 as con- 
sumers, and 13 as general interests 
members. 


I. New TENTATIVE STANDARD 


On the recommendation of Sub- 
committee I on Nomenclatureand Defini- 
tions, the committee submits for pub- 
lication as tentative the Definition of 
the Term Glass as appended hereto.! 

This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 41 members; 29 mem- 
bers returned their ballots, of whom 28 
have voted affirmatively, 0 negatively, 
and 1 member marked his ballot “‘not 
voting.” 

Il. TENTATIVE STANDARDS CONTINUED 
AS TENTATIVE 

The committee recommends that the 
following methods be continued in the 
tentative status for another year: 
Tentative Methods of: 


Chemical Analysis of Glass Sand (C 146 
39 T), 


1 This definition was accepted as tentative by the 
Society and ae in the 1941 Supplement to Book of 


A. Stan andards, II, Pp. 320. 


ON 


GLASS AND GLASS PRODUCTS 


Hydrostatic Pressure Test on Glass | 
tainers (C 147 —- 40 T), 

Polariscopic Examination of Glass ( 
tainers (C 148-40 T), 

Thermal Shock Test on Glass Container 
(C 149 —- 40 T), and 

Flexure Testing of Glass (C 158-407 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Nomenclature and 
Definitions (F. C. Flint, chairman). 
This subcommittee, after several meet- 
ings, has proposed a Definition of Glass 
which has been submitted to the com- 
mittee and approved as indicated earlier 
in this report. The definition is recon- 
mended for publication by the S& 
as tentative. 

Subcommittee IT on Chemical Analysi 
(G. E. F. Lundell, chairman).—Subs 
quent to the June, 1940, meeting 
Subcommittee II completed the prepara 
tion of referee and routine methods lor 
the chemical analysis of soda-lime glass 

These were discussed at the fall mee 
ing of the Glass Division of the America! 
Ceramic Society at Hershey, Pa., 
vised in the light of the comments! 
were made, and circularized among | 
members of the committee for 
comment. 

The methods as finally draw 
were then submitted to five laborator 
for trial in the analyses of the Natio 
Bureau of Standards Standard Sam 
Nos. 80 and 128 of soda-lime glass 
report of this work has been mat 
the 1941 annual meeting of the Amer 
Ceramic Society. 
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On GLAss AND GLAss Propucts 


These proposed methods of Chemical 
jnalysis of Soda-Lime Glass have been 
submitted to Committee C-14 for letter 
wallot with the recommendation that 
they be approved for publication as 
entative. The methods will be presented 


the Society subsequent to the annual 


neeting through Committee E-10 on 
Standards for publication as tentative.? 
Subcommittee IIT on Chemical Proper- 
ies (F. W. Adams, chairman).—As a 
result of several meetings at which perti- 
went papers were read, new tentative 
nethods are being developed on the 
ubject of chemical durability. The 
les of the papers are as follows: 


“Effect of Storage Conditions on Weathering 
1 Chemical Durability of Commercial Glass 
ntainers,” by J. S. Owens and E. C. Emanuel. 
“Factors Influencing Autoclave Chemical 
ability Tests of Glass Containers,” by A. 
lérman. 

Investigation of Variable Factors in Ac- 
rated Autoclave Chemical Durability Tests,” 
J.S. Owens and E. C. Emanuel. 

‘Method of Testing Surface Alkalinity of 


ass Bottles,’ by A. J. Liebmann and M. 
senbiatt. 


ibcommittee IV on Physical and Me- 

al Properties (J. T. Littleton, 
rman).—The work of several years 
minated recently in the completion of 
lentative Method of Flexure Testing 
lass (C 158-40 T). The subcom- 
lee is now concerning itself with 


Editorial Note below. 
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further work in an endeavor to propose a 
method for the determination of the 
thermal endurance of glass. The shape 
of the test specimen is being given much 
consideration. Such shapes as blown ar- 
ticles, drawn rods and fibers, plates and 
marbles are being considered. Several 
laboratories have been at work on this 
problem. 

Subcommittee V on Thermal Properties 
(E. W. Tillotson, chairman).—No proj- 
ects have been submitted to this sub- 
committee for immediate solution. 

Subcommittee VI on Glass Construction 
Block and Tile (J. P. Staples, chairman). 

—The subcommittee has been busy with 
tests on individual glass block, on panels 
of glass block, and on the mortars used 
with these blocks. This program has 
been in progress several years and will 
lead to some important specifications 
and methods. 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 41 members; 41 members re- 
turned their ballots, of whom 30 have 
voted affirmatively and Or -gatively. 


Respectfully submitted on behalf of 
the committee, 
G. W. Morey, 
Chairman. 
L. NAVIAS, 
Secretary. 


Subsequent to the annual meeting, Committee C-14 presented to the Society 
through Committee E-10 on Standards new Tentative Methods of Chemical 


Analysis of Soda-Lime Glass. 


These methods were accepted by Committee 


E-10 for publication as tentative on August 25, 1941, and appear in the 1941 
Supplement to Book of A.S.T.M. Standards, Part II, p. 300, bearing the 
A.S.T.M. serial designation C 169 — 41 T. 


4 
5 
| | 
ES 
| 


REPORT OF C 


MANUFACTURED 


Committee C-15 on Manufactured 
Masonry Units held three meetings dur- 
ing the year: in Atlantic City, N. J., 
on June 26, 1940, during the annual 
meeting of the Society, and in Washing- 
ton, D. C., on December 6, 1940, and on 
March 5, 1941. 

The activities of Committee C-15 
during the past year have been confined 
largely to the development and _ re- 
vision of specifications for clay products. 
In response to requests from manufac- 
turers, new specifications for vitrified 
clay block for trickling filters have been 
prepared. These products serve as a 
combination underdrain and ventilating 
block for the floors of filter beds in the 
trickling filters of waste treatment 
plants. The blocks provide structural 
support for the filtering media and open- 
ings for the distribution and passage of 
air through the media and for drainage 
of the effluent. In addition, the ten- 
tative revisions of the methods for 
testing brick (C 67-39) and of the 
specifications for structural clay tile 
(C 34 — 39 and C 56 — 39) are being rec- 
ommended for adoption as standard. 

In the past, the committee as a whole 
has given much attention to the prepa- 
ration of provisions which would clarify 
the requirements for qualities of masonry 
units that are judged by visual examina- 
tion. Progress has been slow, but a 
special working committee under the 
chairmanship of T. I. Coe has now pre- 
pared a draft covering requirements that 
need to be met in the visual examination 
of clay building brick which has aa 


OMMITTEE C-15 
ON 
MASONRY UNITS 
loptl 
accepted in principle and referred | landare 
Subcommittee IT on Clay Building Bric: 
for consideration and action. 
Subsequent to the 1940 annual meet. 
ing, Committee C-15 presented to the 
Society, through Committee E-10 op 
Standards, the following recommends- 
tions, which were accepted! by Commit- § cmprisi 
tee E-10 on August 28, 1940, and appear § “orpor 
in the 1940 Supplement to Book of § %¢- 
A.S.T.M. Standards: 
Revision of Tentative Specifications for: 
Paving Brick (C 7 — 38 T), 
Tentative Revisions of Standards: 


Specifications for Structural Clay L 
Bearing Wall Tile (C 34 - 39), 

Specifications for Structural Clay Non-Loa 
Bearing Tile (C 56 — 39), and 

Methods of Sampling and Testing Br 
(Modulus of Rupture, Comp 
Strength, Absorption) (C 67 - 39). 


Since the 1939 annual meeting, 3 
members have been elected and 2 resi 
nations accepted. The committee met 
bership now totals 58, of whom 13 a Testars 


ing Filt 
IL. Apopr; 
. 
classified as consumers, 27 as produces, 


and 18 as general interest members 
I. NEw TENTATIVE STANDARD 
The committee recommends that t 
proposed Tentative Specifications 0 
Vitrified Clay Filter Block for Tricking 
Filters? be accepted for publication 
tentative. 


1In submitting these recommendations to Comm 
E-10 on Standards, Committee C-15 reported the followin 
results of the letter ballot vote of a total of 47 ballo 4 
turned from a committee membership of 57: Ci-: 
affirmative 39, negative 0, ballots marked “not vol! 
8; C 34-39 and C 56 - affirmative 45, negatve 
ballots marked “not voting” 2; C 67 - 39, 
negative 0, ballots marked “not voting’ 3. 

2 These specifications were accepted as tentative 
sonety and appear in the 1941 Supplement to B 

A.S.T.M. Standards, Part II, p. 272. 
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Committee 
following 
ballots 


I. ADOPTION AS STANDARD OF TENTA- 


ON MANUFACTURED MASONRY UNITS 


TIVE REVISIONS OF STANDARDS 


The committee recommends that the 


option as standard: 


Sundard Specifications for: 
Load-Bearing Wall Tile 


Structural Clay 
(C 34-39),* and 

Structural Clay 
(C 56 - 39).4 


Sandard Methods of: 
Testing Brick (C 67 — 39),§ 
comprising changes in Sections 7 and 18 and the 


Sampling and 


Non-Load-Bearing 


ntative revisions of the following 
gandards which were published as ten- 
utive last year* be approved for refer- 
ence to letter ballot of the seated for 


Tile 


rporation of the Tentative Method of Freez- 


wand-Thawing Test of Brick (C 67 


fhe recommendations 
eport have been referred to letter 
t of the committee which consists of 
embers; 42 members returned their 
swith the results shown in Table I. 


- 39 T).® 


appearing in 


I—ANALYSIS OF LETTER BALLOT VOTE. 


Items 


TENTATIVE STANDARD 


tions for Vitrified 
ilter Block for Trick- 
Iters. . 


PTION AS STANDARD OF 

TIVE REVISIONS OF 

STANDARDS 

tions for Structural 

Load- Wall 

ations Structural 
Non-Load-Bearing 

C 56 - 39) 

of and 

Bri Brick (C 67 - 


33 


41 


41 
42 


Affirma-| N 


tive 


| 


Ballots 
Marked 
“Not 
Voting” 


1 
0 


\CTIVITIES OF SUBCOMMITTEES 


hcommittee 


IT on Clay Building 


(J. W. McBurney, chairman) has 
red a draft of a preface or explana- 


supplement to Book of A.S.T.M. Standards, Part 


1 


nk of T.M, Standards, Part II, p. 108, 112. 
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tory note intended to indicate the basis 
for the requirements of the Tentative 
Specifications for Building Brick (Made 
from Clay or Shale) (C 62 — 40 T),’ and 
to inform purchasers when supplemen- 
tary specifications are desirable.2 The 
subcommittee has made further studies 
of laboratory data on the resistance of 
brick to freezing and thawing, and has 


~ devoted much attention to the difficult 


problem of classifying bricks having 
neither an excellent nor a poor record 
in tests or service. 

No unfavorable comment on the ten- 
tative revisions® of the Standard Meth- 
ods of Sampling and Testing Brick 
(C 67-39) was received during the 
year, and the committee is recommend- 
ing their adoption as standard, as men- 
tioned earlier in this report. 

Subcommittee VI on Sewer Brick (T. 
R. Lawson, chairman) has delayed the 
preparation of recommendations relating 
to the Tentative Specifications for Sewer 
Brick (Made from Clay or Shale) 
(C 32-39 T), pending further consider- 
ation of suggestions for minor revisions 
of the absorption requirements. 

Subcommittee VII on Glazed Brick and 
Tile (J. R. Kauffman, chairman) re- 
alizes that the Tentative Specifications 
for Glazed Building Units (C 126- 
39 T) are incomplete and do not reflect 
the most recent improvements in the 
products and testing procedures. How- 
ever, it has been reluctant to recommend 
changes pending the receipt of informa- 
tion to be obtained from surveys and 
investigations. 

Subcommittee VIII on Structural Clay 
Tile (H. C. Plummer, chairman), in fe- 
sponse to urgent requests and in the 
absence of the receipt of unfavorable com- 
ment, this subcommittee has approved 
the adoption as standard of the tenta- 


to Book of A.S.T.M. Standards, Part 
»?P 
8 See Editorial Note, p. 304. 
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tive revisions? which clarify the dis- 
tinction between unscored and facing 
tile in the Standard Specifications for 
Structural Clay Load-Bearing Wall Tile 
(C 34 — 39) and in the Specifications for 
Structural Clay Non-Load-Bearing Tile 
(C 57 — 39). The subcommittee has ob- 
tained information from manufacturers 
on reasonable tolerances on dimensions 
of facing tile and is preparing a draft of 
a specification for this product. 
Subcommittee IX on Clay Filter Block 
(A. S. Brewer, chairman) was organized 
during the year to complete the prepa- 
ration of specifications for filter block. 
Prior to the appointment of the sub- 
committee, a special working committee 
(L. M. Christie, chairman) had prepared 
a draft of a specification acceptable, in 
general, to both producers and con- 


sumers. The proposed specifications 
which are now recommended for publi 
cation as tentative, appear to define the 
product as well as can be with the ex. 
isting information on physical properties 
and service performance. 


This report has been submitted | 
letter ballot of the committee which 
consists of 58 members; 45 members re- 
turned their ballots, of whom 44 have 
voted affirmatively and 0 negatively, 


Respectfully submitted on behalf of 


the committee, 
D. E. Parsons, 


Chairman 
J. W. WHITTEMORE, 
Secretary. 


EpIroRIAL NOTE 


Subsequent to the annual meeting, Committee C-15 presented to the Society 
through Committee E-10 on Standards a revision of the Tentative Specifications 
for Building Brick (Made from Clay or Shale) (C 62 - 40 T). The ‘entative 
specifications in their revised form were accepted by Committee E-10 on August 
25, 1941, and appear in the 1941 Supplement to Book of A.S.T.M. Standards, 


Part II, p. 267. 
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REPORT OF COMMITTEE 


C-1 


ON 
THERMAL INSULATING MATERIALS 


Committee C-16 on Thermal Insulat- 
ing Materials submits this as its first 
imal report since its organization in 
| 938. At a meeting in Rochester, N. Y., 
om March 10, 1938, preliminary or- 
nization was effected, and organization 
vas completed at a meeting held during 
the 1938 annual meeting in Atlantic City, 
\.J. Further meetings of the commit- 
eand/or its subcommittees were held in 
Pittsburgh, Pa., on November 21, 1938; 
1Columbus, Ohio, on March 9, 1939; in 
Washington, D. C., on October 26, 1939; 
n Detroit, Mich., on March 7, 1940; in 
Jittsburgh, Pa., on October 24, 1940; 
uid in Washington, D. C., on March 6, 
M41. At the latter meeting, an amend- 
nent to the scope of the committee was 
dlopted which extended the scope of the 

imittee to include consideration of all 
ms of thermal insulating materials 
insulation refractories. Action 
iso taken at that time to increase 
membership of the committee to 
ide representation of those especially 
rested in building insulation. The 
f the committee is now as follows: 
¢—Formulation of test methods and 


ations relating to thermal insulating ma- 
except those used in the insulating re- 


ty fields. 
New TENTATIVE STANDARDS 
‘he committee recommends that the 
ing proposed methods of test and 
tions of terms, as appended hereto,! 
cepted for publication as tentative: 
‘dhods of: 
st for Compressive Strength and Flexural 


— 


‘sé methods and definitions were accepted as 
ae, the Society and appear in the 1941 Supple- 
eh STM. Standards, Part II, pp. 293, 


” Test for Bulk Density of Ther- 


Strength of Preformed Block Type Thermal 
Insulating Materials, proposed by Subcom- 
mittee II, 

Mixing Thermal Insulating Cement, pro- 
posed by Subcommittee III, 

Test for Bulk Density of Thermal Insulating 
Cement, proposed by Subcommittee ITT, 

Test for Covering Capacity and Volume 
Change upon Drying of Thermal Insulating 
Cement, proposed by Subcommittee III, 

Test for Thickness and Density of Blanket 
Type Thermal Insulating Materials, proposed 
by Subcommittee IV, and 


Definitions of: 
Terms Relating to Thermal Insulating Ma- 
terials, covering “thermal insulating block,” and 


“thermal insulating cement,” as proposed by 
Subcommittees II and ITT. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists of 
33 members, with the results shown in 
Table I. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 
| Ballots 
Affirma-| Nega- |Marked 
tive tive “Not 
Voting” 


Items 


New TENTATIVE STANDARDS 
Test for Compressive Strength 
and Flexural Strength of 
Preformed Block Type Ther- 
mal Insulating Materials 
Method of Mixing Thermal In- 
sulating Cement ... 


mal Insulating Cement 
Test for Covering Capacity and 
Volume Change upon Dry- 
ing of Thermal Insulating 
Test for Thickness and Den- 
sity of Blanket Type Ther- 
mal Insulating Materials .. 
Definitions of Terms Relating 
to Thermal Insulating Ma- 
terials: 
Preformed thermal insu- 
lating block 
Thermal insulating ce- 
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ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II on Physical Properties 
of Preformed Block Insulation (R. H. 
Heilman, chairman). -This subcommit- 
tee has prepared the proposed tentative 
definition of preformed thermal insulat- 
ing block and the proposed Tentative 
Method of Test for Compressive Strength 
and Flexural Strength of Preformed 
Thermal Insulating Block referred to 
earlier in this report. The subcommittee 
has undertaken a study of methods for 
determining the effect of prolonged heat- 
ing on preformed block type insulation. 
One of these methods involve the use of 
a Ro-tap sieve shaker. Further work on 
this subject has been planned and will 
be reported on at the next meeting. 

Subcommittee III on Physical Proper- 
ties of Insulating Cements (H. H. Rine- 
hart, chairman).--The work of this sub- 
committee has resulted in the prepara- 
tion of a proposed tentative definition of 
thermal insulating cement, and the fol- 
lowing three proposed tentative methods, 
which are now being submitted for pub- 
lication as tentative: 


Methods of: 


Method of Mixing Thermal Insulating Ce- 
ment, 

Test for Bulk Density of Thermal Insulating 
Cement, and 

Test for Covering Capacity and Volume 
Change Upon Drying of Thermal Insulating 
Cement. 


A preliminary study has been under- 
taken on compression-shear testing of 


thermal insulating cements. A_ pre- 
liminary report has been made of this 
study and plans have been laid for fur- 
ther work on this subject. The sub- 
committee has also been discussing 
methods of testing the effect of heating 
on the stability of thermal insulating 
cement. 

Subcommittee IV on Physical Proper- 
ties of Blanket, Flexible, Loose-Fill, and 
Miscellaneous Types of Insulation (R. E. 


- Method 
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Cryor, chairman).--This subcommittee 
has completed the proposed Tentative 
of Test for Thickness ang 
Density of Blanket-Type Thermal Jp. 
sulating Materials mentioned earlier jy 
this report. 

The question of measurement of up 
fiberized content of rock-wool type in- 
sulation is being studied by a subgroup of 
this subcommittee. A second subgrow 
has been assigned the problem of study. 
ing mechanical stability of wool-type 
insulation after prolonged heating. The 
use of the “‘Ro-tap” sieve shaker was sug. 
gested as a means of investigating this 
characteristic. Several members of t 
subcommittee agreed to conduct tests 
using this machine. A third subgrou 
was assigned the task of making a surve 
of test methods available to determin 
(1) the corrosive effect on metals 
blanket insulation under various mois 
ture conditions, and (2) the resistar 
of the insulating material itself to decon 
position under various moisture « 
tions. At the March, 1941, meeting 
the subcommittee reports of the t 
subgroups were considered. The wor 
these subjects will be carried forwar 
the three subgroups. 

Subcommittee V on Thermal Properti 
Other Than Thermal Conductivity of 4 
Forms of Thermal Insulation (E. } 
Queer, chairman). A_ preliminary ! 
port on one method for the determinat! 
of specific heat of thermal insulatu 
materials was offered to this subcomm 
tee for study and will be reported o1 
the next meeting. 

Subcommittee VI, the A.S.T.M.G 
of the Joint Committee on Thermal ‘ 
ductivity of all Forms of Insulation (I 
Houghten, chairman).-This subco™ 
mittee which comprises the A‘-] 
representatives on the Joint Commit 
held two meetings during the past } 
The joint committee is sponsored b} 
American Society of Heating and Ve 
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ting Engineers, the American Society 
of Refrigerating Engineers, the National 
Research Council, and A.S.T.M. At the 
Pittsburgh meeting in October, 1940, a 
Proposed Tentative Method for Meas- 
yement of Thermal Conductivity of In- 
alating Materials by Use of the Guarded 
Hot Plate was submitted to Committee 
(16. Because of the fact that values 
{ thermal conductivity obtained for 
sven materials in different laboratories 
sually do not agree within a range con- 
dered by many members of Committee 
(16 to be reasonable, it was decided not 
submit the proposed method to Com- 
nittee C-16 for approval until tests have 
teen conducted by several laboratories 
msamples of several kinds of material 
wing the proposed procedure. If the 


Thomas, chairman).—The chairman has 
submitted to the subcommittee for study 
a compilation of data on current sizes of 
preformed insulation offered by manu- 
facturers. This report will be reviewed 
and action taken on it at the next meet- 
ing of the subcommittee. 

Subcommittee on Editing (C. B. Brad- 
ley, chairman).—This subcommittee has 
held no meetings but by correspondence 
has carried out its work of editing the 
proposed standards prepared by other 
subcommittees so that they conform to 
A.S.T.M. practice. 

Subcommittee for Liaison with 
A.S.T.M. Committee C-8 on Refractories 
(R. H. Heilman, chairman).—This sub- 
committee held one meeting during the 
year for the purpose of effecting an agree- 


sults of these tests agree within limits ment between the two cooperating com- 
als of @ tought by the members of Commit- mittees on the matter of definition of 
mois- @ tt C-16 to be acceptable, the proposed preformed block insulation. 
stance @ method of test will be submitted to the 


lecom- 
condi- 
ting of 
three 
ork on 


‘ard by 


perties 


of Au 


nembership for letter ballot. 


ith a view toward reducing to such 


tasonable limits the results obtainable 
th the guarded hot plate apparatus 


it and operated in compliance with 
¢proposed method. 


If, on the 
ther hand, the results do not agree 
ithin acceptable limits, further study 
the proposed method will be made 


This report has been submitted to let- 
ter ballot of the committee which consists 
of 33 members; 25 members returned 
their ballots, all of whom have voted 
affirmatively. 


Respectfully submitted on behalf of 
the committee, 
J. H. WALKER, 
Chairman. 


(E. R. 
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E. T. Cope, 
Secretary. 
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REPORT OF COMMITTEE C-18 


ON 


NATURAL BUILDING STONES 


The former Committee C-18 on Natu- 
ral Building Stones and Slate was dis- 
charged in 1940, and the following tem- 
porary officers were appointed by the 
Society to reorganize a new committee 
to cover the same subjects: 

Chairman, W. C. Clark. 

Vice-Chairman, T. I. Coe. 

Secretary, D. W. Kessler. 
_A reorganization meeting was held in 
Atlantic City, N. J., on June 26 and 27, 
1940, which was attended by six mem- 
bers of the original committee and five 
prospective new members or their repre- 
sentatives. Since that time 12 other 
members have been elected to the com- 
mittee. Of the total membership of 23, 
10 are classified as producers, 7 as con- 
sumers, and 6 as general interest mem- 
bers. 

At the reorganization meeting, plans 
were made for various activities of the 
committee, and the following subcom- 
mittees were formed: 


Subcommittee I, Advisory, 

Subcommittee II on Nomenclature and 
Definitions, 

Subcommittee III on Test Procedures, 

Subcommittee IV on Quality Specifica- 
tions, 

Subcommittee V on Surface Finishes, 


Subcommittee VI on Stone Setting and 


Maintenance, and 
Subcommittee VII on Cubing. 


A number of these subcommittees held 
meetings during the year at which vari- 
ous specifications were discussed. At a 
later date a Working Subcommittee on 
Slate Specifications was appointed. 


On November 12, 1940, the committee 
held a meeting in Washington, D. ( 
with 17 members present. The ten 
porary officers were elected as permanent 
officers for the usual term of two years. 
A proposal was made to change the name 


_ of the committee from “Natural Building 


Stones and Slate” to “Natural Building 
Stones,” since this title seemed more 
logical and less likely to be misconstrued. 
This change was approved by unanimous 
vote of the members present. A corte- 
sponding change was made in the scope. 
Slate is still an important part of the 
work of the committee, however. Dis- 
cussions concerning future activities 
centered largely around the subject of 
cubing. Since several members ¢t- 
pressed the view that a standard method 
for cubing would not be generally used 
by the various branches of the industry, 
it was decided to defer further action 
on that subject until more complete 
information was obtained as to the nee 
for such a standard. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II on Nomenclature am 
Definitions (L. W. Currier, chairmal 
held meetings on November 13, 1 
and on March 6 and 18, 1941. At the 
first meeting, the Tentative Definitions 
of Terms Relating to Natural Building 
Stone (C 104-31 T),! which had bea 
formulated by the former committee 
were discussed in detail. It was decide 
that practically all of these were not su 
ciently specific. The subcommittee = 


1 1939 Book of A.S.T.M. Standards, Part I, p.™ 
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xcordingly recommending that Tenta- 
tive Definitions C 104-31 T be with- 
drawn. 

New definitions were formulated for 
the terms granite, gneiss, black granite, 
yartzite, limestone, dolomite, marble, 
and verde antique. A draft of these 
ieinitions has been submitted to Com- 
nittee C-18 for comment and criticism, 
ind it is hoped that they will be ready 
ir presentation to the Society as a tenta- 
tive standard at an early date. 

Subcommittee III on Test Procedures 
). W. Kessler, chairman) held a meet- 
gon November 13, 1940, when it was 
voted to withdraw the following tenta- 
tive standards: 

lenlative Methods of:* 


nittee 
). ( 
tem 

anent 
years. 
name 
lilding 
tilding 


more 
strued. Test for Compressive Strength of Natural 
simous ullding Stone (C 98 30 T), 
Sampling Natural Building Stone and Prepa- 
Core: FF ation of Sample for Testing (C 101 — 32 T), and 
SCOPE. Tension Testing of Natural Building Stone 
of the (103-32). 
Dis A draft of the new compression test 
tivities was formulated and sent to 
ject ©! a of the members of Committee C-18 
TS & Bit comment and criticism. Various 
method HF anges have been suggested and a re- 
ly used I ised copy of the procedure has been 
dustry, culated for further comment. The 
"action ‘tums so far received indicate that this 
omplete B st can be put in satisfactory form for 
he need I sbmission as a tentative standard at an 
ly date? - 

EES ubcommiltee IV on Quality S pecifica- 
ture ond (W. C. Clark, chairman) held a 
airman) “ting in Washington, D. C., on No- 
3, 1940, mer 12, 1940. The important fea- 
At the § “S of specifications for natural build- 
ofinitions # “Stones were discussed, and it was the 
Building eisus that a specification for stone 
contain requirements for sound- 
mmittet, strength, and absorptive character- 
decided It was not thought necessary to 
not sui a “Ye the specifications include a chemical 
mittee * Book of A.S.T.M. Standards, Part II, pp. 940, 
11, Uitorial Note p. 310. 
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analysis and weight of the material. A 
specification for limestone, prepared by 
the Indiana Limestone Institute, was 
submitted, and probably will be used as a 
basis for the formulation of an A.S.T.M. 
specification for this material. Repre- 
sentatives of the marble, sandstone, and 
granite industries were requested to sub- 
mit proposed specifications for considera- 
tion. A final draft of the specifications 
will not be prepared until Subcommit- 
tee II on Nomenclature and Definitions 
has completed its description of the 
materials under consideration. 

The Working Subcommittee on Slate 
Specifications held a meeting on Novem- 
ber 12, 1940, with nine members present. 
The discussions related to various clauses 
now used in specifications for roofing 
slate and to means of arriving at a speci- 
fication that would be more generally 
applicable to all slates. The subject of 
fading was indicated to be a matter of 
considerable importance, and it was sug- 
gested that a specific definition of fading 
is desirable because the term is loosely 
used to denote more than one type of 
color change in the weathering of slate. 
At this meeting it was decided that the 
Advisory Committee of Committee C-18 
should formulate a questionnaire for sub- 
mission to the members of the Working 
Committee on Slate in order to obtain a 
more complete expression of views on 
several important specification clauses. 
This has been done and the replies indi- 
cate that a laboratory study to devise a 
suitable fading test is a necessary step 
in attempting to draft a specification. 

Subcommittee V on Surface Finishes 
(H. L. Smith, chairman) held a meeting 
on November 12, 1940, in Washington, 
D. C., at which discussions were held to 
determine the possibility of establishing 
adequate definitions for the various types 
of surface finishes on marble, limestone, 
sandstone, granite, and slate. The vari- 
ous producer groups were asked to sub- 
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mit descriptions of all their commercial 
finishes, and photographs when available. 
To date data have been supplied for 11 
finishes for exterior marble, 4 finishes for 
interior marble, 19 finishes for sandstone, 
and 23 finishes for limestone. 

Subcommittee VI on Stone Setting and 
Maintenance (J. A. McBeath, chairman) 
held two meetings in Washington, D. C., 
on November 13, 1940, and on March 16, 
1941. The discussions were mainly for 
the purpose of obtaining practical infor- 
mation from those members of long ex- 
perience in setting stone masonry and 
means of making full use of this informa- 
tion in future construction ‘and in the 
preparation of specifications for natural 
building stones. The subjects covered 
were mortars, plastic calking materials, 
primers, spacers, dowels, staining, and 
problems in setting stone steps. A 
working subcommittee was appointed to 
study and report on setting and pointing 
mortars for stone masonry. This sub- 
committee is composed of Alexander 
Howie, J. A. McBeath, and Norman 
Campbell. 


WITHDRAWAL OF TENTATIVE STANDARDS 


In accordance with the recommenda- 
tions of Subcommittee II on Nomen- 
clature and Definitions and Subcommit- 
tee III on Test Procedures, the commit- 
tee is recommending the withdrawal of 
the following tentative standards: 


Tentative Methods of:* 


Test for Compressive Strength of Natural 
Building Stone (C 98 — 30 T), 

Sampling Natural Building Stone and Prepa- 
ration of Sample for Testing (C 101 - 32 T), 
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Tension Testing of Natural Building Stone 
(C 103 — 32 T), and 


Tentative Definitions of :* 


Terms Relating to Natural Building St 
(C 104 - 31 T). 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 23 members; 21 members returned 
their ballots with the results shown in 
Table I. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE 


| 
= | Ballots 
Affirma-| Nega- |Marked 
tive tive | “Not 
|Voting” 


WITHDRAWAL OF TENTATIVE 
STANDARDS 
Test for Compressive Strength | 
of Natural Building Stone | 
(C 98-30T).... 
Sampling Natural Building | 
Stone and Preparation of | 
Sample for Testing (C 101 - 
Tension Testing of Natural | 
Building Stone (C103 - 
Definitions of Terms Relating | 
to Natural Building Stones 
(C 104 - 31 T) 


This report has been submitted to let- 
ter ballot of the committee which consists 
of 23 members; 21 members returned 
their ballots, all of whom have voted 
affirmatively. 


Respectfully submitted on behalf ol 
the committee, 
WALTON C. CLARK, 
Chairman. 


D. W. KEeEssLer, 


Secretary. 


EDITORIAL NOTE 


Subsequent to the annual meeting, Committee C-18 presented to the Society 
through Committee E-10 on Standards a new Tentative Method of Test for 


Compressive Strength of Natural Building Stone. 
by Committee E-10 for publication as tentative on October 23, 


This method was accepted 
1941, and 


appears in the 1941 Supplement to Book of A.S.T.M. Standards, Part II, p. 275, 


bearing the A.S.T.M. serial designation C 170 — 41 
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PAINT, 


Committee D-1 on Paint, Varnish, 
Lacquer, and Related Products held two 
meetings during the year: on June 27, 
1940, in Atlantic City, N. J., during the 
annual meeting of the Society, and on 
March 5, 1941, in Washington, D. C., 
during the spring group meetings of the 
Society. 

At the time of the annual meeting, a 
dinner was held for the purpose of 
recognizing the thirtieth anniversary of 
the founding of this standing committee 
and to honor the original members. 

The committee recommends that the 
Society continue as a member-body in 
the Inter-Society Color Council during 
the coming year. 

Committee D-1, at the last two meet- 
ings, arranged for the presentation of the 
following papers: 

“Pictorial Rusting Standards; Their De- 
velopment and Value to Our Industry,” by J. C. 
Moore and J. W. 


“Inert Materials for Admixture with Paint 
Pigments,” by W. R. Fuller, 


“Review of the Work on Accelerated Testing 
if Enamel Finishes,” by C. Y. Hopkins, 


“Methods for Producing Uniform Films,” 
by A. O. Allen, 


“Quantitative Adhesion Measurement of 


Coatings Before and After E xposure,” by R. D. 
Bonney, and 


“A Disc ussion of Specular Gloss,” by R. S. 
Hunter. 


During the past year, a special com- 
mittee was appointed, under the chair- 


1 ‘ 
See “Proposed Reference Standards of Rusting of 


Painted Tron S 
or Steel Surf, N 
December, 1940. 25 aces,’”” ASTM BuLtetin, No. 
No. 


in ASTM 105, August, 
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manship of F. C. Schmutz, to develop 
plans for taking part in the A.S.T.M. 
Exhibit of Testing Apparatus to be held 
at the time of the annual meeting. 

E. F. Hickson has been appointed as 
one of the committee’s representatives 
on Technical Committee X on Con- 
ditioning and Weathering, of Com- 
mittee E-1. 

During the year, Committee D-1 has 
recommended submittal by the Society 
of 17 standards to the American Stand- 
ards Association for approval as 
American Standards. Six of the D-1 
standards revised at the last annual 
meeting had ASA approval and were 
accordingly submitted in their revised 
form for reapproval as American stand- 
ard which has since been granted. At 
the same time approval as American 
standard of one standard was withdrawn 
on the recommendation of Com- 
mittee D-1. 

Since the last annual meeting, 36 new 
members have been elected, 5 resigna- 
tions have been accepted, and 5 deaths 
reported, leaving a total membership 
of 261. 

Of the one adviser and fourteen D-1 
subcommittees, two furnished reports of 
progress and nine submitted detailed 
reports affecting standards, which have 
resulted in the committee making the 
recommendations given below to be 
acted upon at the annual meeting. 

In this report, recommendations af- 
fecting standards and __ tentative 


Pies are noted in brief form below, 
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together with the results of the letter 
ballot. These recommendations are ex- 
plained in the reports of the subcom- 
mittees directly responsible for them. 


I. New TENTATIVE STANDARDS 


The committee submits for publication 
as tentative the following nine new 
specifications and three methods of test: 


Specifications for: 


Oiticica Oil (Permanently Liquid), proposed 
by Subcommittee II, 

Liquid Paint Driers, proposed by Subcommit- 
tee IX, 

Diatomaceous Silica Pigment, proposed by 
Subcommittee XV, 

Barium Sulfate Pigments, proposed by Sub- 
committee XV, 

Mica Pigment, 
mittee XV, 

Aluminum Silicate Pigment, proposed by 
Subcommittee XV, 

Magnesium Silicate Pigment, proposed by 
Subcommittee XV, 

Lead Titanate, proposed by Subcommittee 
XV, and 

Dibutyphthalate, proposed by Subcommit- 
tee XXV. 


Methods for: 


Preparation of Steel Panels for Exposure 
Tests of Enamels for Exterior Service, 
proposed by Subcommittee VII, 

Evaluating Degree of Resistance to Rust- 
ing Ob.ained with Paint on Iron or Steel Sur- 
faces, proposed by Subcommittee VII, and 

Test for Color of Orange Shellac, to be added, 

a when adopted as standard, to the Standard 

q Methods of Sampling and Analysis of 
Shellac (D 29-40), proposed by Sub- 
committee XIIT. 


proposed by Subcom- 


II. REVISIONS OF TENTATIVE STANDARDS 


The committee recommends that the 
following tentative methods of test and 
definitions of terms be revised as re- 
ferred to in the reports of the subcom- 
mittees and continued as tentative: 
Tentative Methods of: 

Sampling and Testing Aluminum Powder and 
Paste (D 480-—38T), proposed by Sub- 
committee VIII, 

Testing Liquid Driers (D564-40T), to 

: include new procedures for determining 


cobalt and iron, proposed by Subcommitte 
IX, and 

Test for Specular Gloss of Paint Finis 
(D 523 — 39 T), proposed by Subcommit, 
XVIII. 


Tentative Definitions of: 


Terms Relating to Paint, Varnish, Lacqy 
and Related Products (D 16-407), pr 
posed by Subcommittee VI. 


III. REvIsions OF STANDARDS 


The committee recommends for jm- 
mediate adoption, revisions in the fol- 
lowing standards, and accordingly asks 
for a favorable nine-tenths vote at the 
annual meeting in order that these 
modifications may be referred to letter 
ballot of the Society: 


Standard Specifications for (proposed by Sut 
committee XV): 


Zinc Oxide (D 79-39; ASA K22-1939), 

Leaded Zinc Oxide (D 80 — 40), 

Basic Carbonate White Lead (D8! 
ASA K23-1938), 

Basic Sulfate White Lead (D 82-38), 

Red Lead (D 83 — 39; ASA K24-1939), 

Mineral Iron Oxide (D 84-40; ASA K2- 
1940), 

Ocher (D 85 - 40), 

Lampblack (D 209 — 30; ASA K26-1937 

Bone Black (D 210-30; ASA K36-1937 

Chrome Yellow (D 211 — 40; ASA K27-1% 

Pure Chrome Green (D 212 - 40), 

Reduced Chrome Green (D 213-40; AA 
K28-1940), 

Prussian Blue (D 261 — 40; ASA K29-19# 

Chrome Oxide Green (D 263-40; ASA 
K37-1940), 

Reduced Para Red (D 264-40; ASA K 
1940), 

Aluminum Powder for Paints (Alumir 
Bronze Powder) (D 266 — 39), 

Gold Bronze Powder (D 267 - 31), 

Blue Lead; Basic Sulfate (D 405 - 38), 

Aluminum Pigment Paste for Paint (D4 
39), 

C. P. Para Red Toner (D 475-40), _ 

Titanium Dioxide Pigments (D476-! 
ASA K45-1939), 

Zinc Sulfide Pigments (D 477-39), _ 

C. P. Zinc Yellow (Zinc Chromate) (D 4° 
40), and 

Zinc Dust 
(D 520 — 40). 


(Metallic Zinc Powder 
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Standard Methods of: 


Testing Drying Oils (D 555 — 39), proposed 
by Subcommittee IT. 


IV. ADOPTION OF TENTATIVE STANDARDS 
AS STANDARD 


The committee recommends that the 
following tentative standards be ap- 
proved for reference to letter ballot of the 
Society for adoption as standard, and 
that the three so indicated be revised as 
referred to in the report of the sub- 


committees 
e¢ 
Tentative Specifications for: = 


Raw Soybean Oil (D 124 — 37 T), revised as 
proposed by Subcommittee II, 

Shellac Varnishes (D 360-39 T), proposed 
by Subcommittee XIIT, 

Ultramarine Blue (D 262 —- 40 T), revised as 
proposed by Subcommittee XV, 

Titanated Lithopone (D 477-40 T), to be 
added to the Standard Specifications for 
Zinc Sulfide Pigments (D 477 — 39), pro- 
posed by Subcommittee XV, and 

Carbon Black (D561-40T), revised as 
proposed by Subcommittee XV. 


Tentative Methods of Test for: 
Consistency of Enamel Type Paints (D 562 - 
40 T), proposed by Subcommittee VIII, 
Elongation of Attached Lacquer Coatings 
with the Conical Mandrel Test Apparatus 
(D 522-397), proposed by Subcommit- 
tee XXV. 


V. ApopTion AS STANDARD OF 
TENTATIVE REVISIONS OF 
STANDARDS 


The committee recommends that the 
tentative revisions of the following six 
‘tandards be approved without change 
lor reference to letter ballot of the 


Society for adoption as standard: 
landard Specifications for: 
Raw Tung Oil (D 12-33), proposed by 
Subcommittee IT, 
Perilla Oil, Raw or Refined (D 125 23), 
Proposed by Subcommittee II, and 


Orange Shellac: (D 237 - 33), proposed by 
Subcommittee XIIT, 


Standard Methods of: 


Testing Drying Oils (D 555 — 39), proposed 
by Subcommittee IT, 

Chemical Analysis of White Linseed Oil 
Paints (D 215-37), proposed by Sub- 
committee VIII, and 

Sampling and Testing Lacquer Solvents 
and Diluents (D 268 — 33), by the incor- 
poration of the Tentative Methods of 
Test for Toluene (Toluol) Dilution Ratio of 
Lacquer Solvents (D 268 — 39 T), proposed 
by Subcommittee XXV. 


VI. EpiroriAL CHANGES IN STANDARD 

Editorial changes are being made in 
the Standard Methods of Sampling and 
Analysis of Shellac (D 29 — 40), as pro- 
posed by Subcommittee XIII. 

These recommendations have been 
submitted to letter ballot of the com- 
mittee which consists of 209 voting 
members; 107 members have returned 


their ballots, with the results shown in 
Table I. 


Underground Pipe Protection (F. N. 
Speller, adviser).—The American Petro- 
leum Institute’s underground pipe coat- 
ing tests have, after ten years in various 
soils, been examined and the results 
published in the November, 1940, issue 
of the Production Proceedings of the 
Institute. 

Subcommittee II on Drying Oils 
(Francis Scofield, chairman).—This sub- 
committee recommends for publication 
as tentative, new Specifications for 
Oiticica Oil. This is one of the newer 
oils for which a demand is developing. 

The subcommittee recommends for 
immediate adoption as standard a revi- 
sion in Standard Methods of Testing 
Drying Oils (D 555 — as follows: 

New Section.—Add a new Section 23 
covering the determination of matter 
insoluble in chloroform to read as 


follows: 
3 These specifications were accepted as tentative = 4 
the Society and appear in the 1941 Supplement to Boo 


of A.S.T.M. Standards, Part II, p. 382. 
4 1939 Book of A.S.T.M. Standards, Part II, pp. 718, 1136. 
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23. Matter Insoluble in Chloroform.—Dissolve 
10 g. of the sample in sufficient U.S.P. chloro- 
form to obtain a fluid solution. Filter through 
a dried and weighed Gooch crucible, wash with 
chloroform until the oil is removed, and dry at 
105 to 110C. Cool, weigh, and calculate the 
percentage of matter insoluble in chloroform. 


= 


TABLE I.—ANALYSIS OF 


ments for properties of raw soybean oil, 
change the maximum percentage for loss 
on heating at 105 to 110 C. from “0,2” 
to read *‘0.3.”’ 

The above revision makes the limit 


ETTER BALLOT VOTE. _ 


Items 


Affirmative Negative 


I. New TENTATIVE STANDARDS 
Spec. for Oiticica Oil (Permanently Liquid). ... 
Spec. for Liquid Paint Driers. . 
Spec. for Diatomaceous Silica Pigment 
Spec. for Barium Sulfate Pigments 
Spec. for Mica Pigment 
Spec. for Aluminum Silicate Pigment 
Spec. for Magnesium Silicate Pigment 
Spec. for Lead Titanate 
Spec. for Dibutylphthalate 


Preparation of Steel Panels for Exposure Tests of Enamels for Exterior 


Service 


Method for Evaluating Degree of Resistance to Rusting Obtained with 


Paint on Iron or Steel Surfaces 
Test for Color of Orange Shellac (D 29 - 41 T) 


II. Revisions or TENTATIVE STANDARDS 


Definitions of Terms Relating to Paint, Varnish, Lacquer, and Related 


38 T) 


Products (D 16 - 40 T) 
Sampling and Testing and Paste (D 480 - 
Testing Liquid Driers (D 564 - 
Test for Specular Gloss of Paint F finishes (D 523 - 39 T) 
III. Revisions oF STANDARDS 


Spec. for Leaded Zinc Oxide (D 80 - 40), immediate adoption 
Sampling paragraph, 
D 80 - 40, D 81 — 38, D 82 - 38, D 83 
D 210 - 30, D211 - 40, D 212 40, D 213 40, 
D 264 - 40, D 266 - 39, D 267 - 31, D 405 - 38, 
D 476 - 39, D 477 - 39, D 478 - 49, D 520 
Testing Drying Oils (D 555 ~ 39) 


39, D 84 
D 474 


, immediate adoption 


IV. Apoption OF TENTATIVE STANDARDS AS STANDARD 


Spec. for Raw Soybean Oil (D 124 - 37 T), as revised 
_ Spec. for Shellac Varnishes (D 360 - 39 T) 
_ Spec. for Ultramarine Blue (D 262 - 40 T), as revised 


Spec. for Titanated Lithopone (D 477 - 40 T), to be added to Standard 


Spec. D 477 
Spec. for Carbon Black (D 561 - 40 T), as revised 
Test for Consistency of Enamel Type Paints (D 562 - 40 T) 
Test for Elongation of Attach hed 


Mandrel Test Apparatus (D 522°- 39 T) 


V. ADOPTION AS STANDARD OF TENTATVE REVISIONS OF STANDARDS 


Spec. for Raw Tung Oil (D 12 - 33) 
Spec. for Perilla Oil, Raw or Refined (D 125 - 23) 
Spec. for Orange Shellac (D 237 - 33) 
‘Testing Drying Oils (D 555 - 39) 
Chemical Analysis of White Linseed Oi] Paints (D 215 - 37) 


Sampling and Testing Lacquer Solvents and Diluents (D 268 - 33), incor- 


poration of Tentative Methods D 268 - 39 T 


The subcommittee recommends the 


adoption as standard of the Tentative : 


Specifications for Raw Soybean Oil 
(D124 37 T)* with the following re- 
vision: 


Section 2.—In the table of require- 


affecting 24 pigment specifications: D 79 
40, D 85 — 40, D 209 
D 261 — 40, 
39, 
40, immediate adoption 


Lacquer Coatings with the Conical 


D 263 
I) 475 


correspond to the specification of the 
American Soybean Processors Associa- 
tion and is necessitated by the 
widespread use of solvent extracted oil. 

The subcommittee further recom 
mends the adoption as standard of the 
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existing tentative revisions? in the Stand- 
ard Specifications for Perilla Oil, Raw or 
Refined (D 125-23), for Raw Tung 
gil (D 12 - 33), and Standard Methods 
of Testing Drying Oils (D 555 — 39). 
At the subcommittee meeting in 
Washington, D. C., on March 3, a paper 
was presented by I. M. Colbeth on 
“Specifications on Dehydrated Castor 
gil.”* In this connection the subcom- 
mittee has prepared for publication as 
information in the ASTM BUvuLLETIN 
Proposed Specifications for Dehydrated 
Castor Oil.* 

Subcommittee VI on Definitions (C. H. 
Rose, chairman).—This subcommittee 
recommends that the Tentative Defini- 
tions of Terms Relating to Paint, Var- 
nish, Lacquer, and Related Products 
‘D16-40T) be revised as appended 
hereto.’ The revision comprises modi- 
{ations in the definitions for color, 
drier, hue, and, tint, and the addition of 


| new definitions for baked finish, baking 


temperature, forced drying temperature, 


| fatting agent, lightness, five types of 


sins, and saturation. The revision 
provides for greater accuracy in the 


| (efinitions, and the new terms are pro- 
§ posed to satisfy a desire on the part of 


the industry for adequate definitions of 
the materials and practices covered. 
Subcommittee VII on Accelerated Tests 
‘” Protective Coatings (H. A. Nelson, 
tairman).—This subcommittee recom- 
mends for publication as tentative, a 
‘tw Method for Preparation of Steel 
‘anels for Exposure Tests of Enamels 
‘or Exterior Service,* and a new Method 
‘or Evaluating Degree of Resistance to 
Rusting Obtained with Paint on Iron or 
‘tel Surfaces. It has been established 


of A.S.T.M. Standards, Part II, pp. 1182, 
" 940 Supplement to Book of A.S.T.M. Standards, 


th 345, 346 
‘STM BULLETIN, No. 110, May, 1941, pp. 29, 31. 
cx Tevised definitions were accepted as tentative 
rat and appear in the 1941 Supplement to Book 
M. Standards, Part II, p. 406. 
cy ay was accepted as tentative by the Societ 
Ts in the 1941 Supplement to Book of A.S.T.M. 
rds, Part II, p. 395. 
was accepted as tentative by the Society 
$ in the 1941 Supplement to Book of A.S.T.M. 


ards, Part II, p. 396 
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that the results of paint tests on metal 
surfaces are affected by the condition of 
the metal surface and the thickness of 
the films that comprise the paint system. 
For this reason it is desirable to have a 
method whereby these variables can 
be minimized when comparative tests of 
paint systems must be made by different 
individuals or organizations. It is also 
recognized that the subcommittees of 
Committee D-1, as well as other groups, 
are often confronted with the necessity 
of evaluating the degree of resistance to 
rusting obtained with paint systems on 
iron or steel surfaces. One of the most 
difficult problems encountered in such 
cases is obtaining consistent agreement 
among inspectors as to the degree in 
which the given paint system has pre- 
vented failure. Pictorial standards 
represent the most practical means for 
expressing the results in terms that can 
be understood by all interested indi- 
viduals. 

The subcommittee further recom- 
mends that the complete report on 
accelerated testing of paint coatings, to 
include results of questionnaire, be 
published in the ASTM BUvuLLeETIN. 

Considerable progress is reported by 
the subcommittee in the work of its 
subgroups. Group 1 on House Paints 
(C. H. Rose, chairman) is continuing 
study of laboratory weathering cycles 
for determining tint retention. Group 2 
on Enamels (C. Y. Hopkins, chairman) 
has developed a procedure for preparing 
panels for testing enamels on steel and is 
now considering preparation of specifica- 
tions to cover aluminum panels. Group 
6 on Metal Protective Finishing Systems 
(J. C. Moore, chairman) is conducting a 
study of methods for reproducing cor- 
rosion and deterioration of metal pro- 
tective paints through accelerated 
means. Group 7 on Questionnaire 
Covering Accelerated Test Methods 
(H. G. Arlt, chairman) has concluded 
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its work, which resulted in the recom- 
mendation as given above. 

Subcommittee VIII on Methods of 
Analysis of Paint Materials (E. F. 
Hickson, chairman).—This subcommit- 
tee recommends that the Tentative 
Methods of Sampling and Testing 
Aluminum Powder and Paste (D 480 - 
38 T)'® be revised as indicated below to 
provide a test procedure for determining 
coarse particles in aluminum powder 
that will give more rapid and more 
accurate results than the method which 
is being replaced, and continued as 
tentative: 

Section 6 (a).—Change the test for 
coarse particles in aluminum powder 
from its present form to read as follows: 


6. (a) Aluminum Powder.—Fill to a depth of 
not less than 4 in. two straight-walled containers 
approximately 12 in. in diameter with mineral 
spirits and fill a third similar container to a depth 
of not less than 3 in. with acetone. The mineral 
spirits used for the test shall conform to the 
Standard Specifications for Petroleum Spirits 
(Mineral Spirits) (A.S.T.M. Designation: D 235) 
and the acetone shall conform to the Standard 
Specifications for Acetone (A.S.T.M. Designa- 
tion: D 329) of the American Society for Testing 
Materials. Weigh 5 g. of the sample, transfer 
to a 250-ml. beaker, and add in small portions 
a total of about 150 ml. of mineral spirits, mixing 
thoroughly to a uniform consistency after each 
addition. Clamp a standard sieve,* 8 in. in 
diameter just above the level of the mineral 
spirits in the first container and pour the sample 
on the sieve, using a No. 100 (149-micron) 
sieve* for type A powder and a No. 325 (44- 
micron) sieve* for type B powder. Rinse the 
beaker with clear mineral spirits and transfer 
the rinsings to the sieve. Holding the sieve at a 
slight angle, shake it backward and forward, 
working the sieve alternately just under and 
just above the level of the liquid. It is im- 
portant that the material be thoroughly sieved 
in each container. After the bulk of the sample 
has passed through the sieve (time required 
usually about 2 min.) repeat the procedure in the 
second container for about 2 min. When it is 
evident that practically none of the residue on 
the sieve is passing through it, repeat the proce- 
dure in the acetone container for about 2 to 3 


10 1939 Book of A.S.T.M. Standards, Part II, p. 1130. 
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min., until nothing more passes through the 
sieve. Rinse the sides of the sieve with a small 
stream of acetone, and collect the residue at one 
side of the sieve. Transfer the residue to 2 
dried and weighed aluminum cup or small 
evaporating dish with a small stream of aceton 
using not lessthan15to 25 ml. Place the alumi 
num cup or dish in an oven, evaporate to dr 
at 105 to 110 C., and continue heating at t 
temperature for 15 min. (Caution: Do 
close the door of the oven while evaporating t} 
acetone, as there is danger of explosion or fla 
of acetone vapor.) Cool the dish, weig 
Calculate the residue retained on the sieve fr 
the increase in weight as follows: 
Residue retained on sieve, per cent 

_ wt. of residue 
~ wt. of sample 


Nore 1.—The end point of the sieving is 
easily observed after a few tests have been mad 
The total time for actual sieving should not b 
more than 15 min. No brush or other aid sha 
be used during the sieving. It is necessary that 
all lumps of pigment be thoroughly dispersed 
the mineral spirits while in the beaker befor 
transferring to the sieve. 

Nore 2.—Results tend to increase as | 
acetone becomes fouled with particles of por 
It is therefore important to filter the ac 
regularly. 

Nore 3.—A correction factor shall be appli 
in the case of sieves used in the test that hav 
not been certified by the National Bureau 
Standards. Sieves having a correction factor 
above 1.2 or below 0.8 should not be 
The correction factor may be calculate 
follows: Determine the coarse particles of 
sample on a master sieve certified by the Ms 
tional Bureau of Standards following the pr 
dure described in Paragraph (a). Sieve 
same sample on the unknown sieve by thes 
procedure. Assuming that the residue reta 
on the certified sieve is 1.0 per cent, and thatt 
residue on the unknown sieve is 1.2 per 
then the correction factor is 0.833. 


@ Detailed requirements for these sieves are given 
Standard Specifications for Sieves for Testing Pu 
(A.S.T.M. Designation: E 11) of the American Sock 
1939 Book of A.S.T.M. Standards, 

anc 


This subcommittee recommends adop 
tion as standard of the Tentative Meth 
of Test for Consistency of Enamel Type 
Paints (D 562 — 40 T),!! and the prese? 
tentative revision’? of the Stand! 

11 1940 Supplement to Book of A.S.1.M. Standard 
iF p. 348. 
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Methods of Chemical Analysis of White 
Linseed Oil Paints (D 215 — 37). 

The subcommittee reports progress in 
connection with the development of a 
spatula Jeafing method for aluminum 
powder and paste, and on a test for 
consistency of house paints. 

Subcommittee 1X on Varnish (W. T. 
Pearce, chairman).— Large quantities of 
liquid paint driers are used by railroads, 
the federal government, paint manu- 
facturers, painters, and many others, 
and it was felt that the Society should 
develop specifications for the purchase 
of this class of materials. After con- 
iderable study and investigation, a 
wmmittee composed of representatives 
of both users and suppliers prepared the 
proposed Tentative Specifications for 
Liquid Paint Driers, appended hereto,” 
which were discussed at two meetings of 
Subcommittee IX before presentation 
to Committee D-1. 

Standard methods for analysis and 
test for use in the purchase of liquid 


| paint driers have been badly needed. 


Last year methods for the determination 
of lead, manganese, and zinc were pub- 
lished as tentative in the Methods of 
Testing Liquid Driers (D 564 - 40 T). 
Alter two years of investigation an 
tlectrolytic method for determining co- 
talt was developed and approved. In- 
amuch as this method requires some 
‘pecial apparatus an alternative gravi- 
metric method of slightly less accuracy 
was developed. Liquid iron driers are 
purchased in considerable quantities and 
i consequence a method for iron was 
developed. These several procedures 
have been thoroughly tested and ap- 
proved by a committee representing 
both users and suppliers and are now 
being recommended for inclusion in 
Methods D 564. The methods in their 


— 


ee specifications were accepted as tentative by 
rsicty and appear in the 1941 Supplement to Book of 


- Standards, Part II, p. 383. a 
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completely revised form are appended 
hereto." 

The subcommittee reports progress in 
studying methods for determining the 
color of dry varnish films, and also 
methods of analysis of alkyd resin solu- 
tions. 

Subcommittee XITT on Shellac (W. H. 
Gardner, chairman).-—This subcommit- 
tee recommends for publication as ten- 
tative, a new Method of Test for Color 
of Orange Shellac.’ This new method 
offers a means of expressing the color of 
orange shellac in numerical values, thus 
eliminating the necessity for buyer and 
seller selecting standard samples for 
color comparison. The method is the 
result of a comprehensive study of 
various methods for expressing color of 
varnish in numerical values. It is very 
similar to the Angelo color method which 
has been employed for a number of years 
in the sale of certain proprietory brands 
of shellac. Results obtained in co- 
operative tests using the proposed 
method are presented in Tables 
IT and III. 

Adoption as standard is recommended 
for the Tentative Specifications for 
Shellac Varnishes (D 360 — 39 T)," with 
the following minor editorial changes: 

Section 6.—In order to indicate the 

“cut” of the shellac varnish, change the 
first column of the table of requirements 
for body of the several types to read 
as follows by the addition of the italicized 
words and figures: a 


Very light (3-lb. cut) body varnish 
Light body (4-lb. cut) varnish 
Medium body (4.5-lb. cut) varnish 
Heavy body (5-lb. cut) varnish 
Very heavy body (6-lb. cut) varnish 
Extra heavy body (8-/b. cut) varnish 


14 These revised methods were accepted as tentative by 
the Society and appear in the 1941 Supplement to Book of 
A.S.T.M. Standards, Part II, p. 388. 

15 This method was accepted as tentative by the Societ 
and appears in via 1941 Supplement to Book of A.S.T.} 
Standards, Part I 385. 

16 1939 Book of res T.M. Standards, Part II, p. 1137. 
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Change the note at the end of this 
section from its present form: namely, 


Notre.—The terms “very light,” “light,” 
“medium,” “heavy,” “very heavy,” and “extra 
heavy” correspond approximately to the so- 
called 3, 4, 4.5, 5, 6, and 8-Ib. cuts in the trade. 


to read as follows: 


Note.—The term “cut” is defined as the 
number of pounds of dry shellac (containing only 
that amount of moisture acceptable for proper 
cutting with the solvent to insure a satisfactory 
varnish) that were added to 1 gal. of specified 
solvent in manufacturing the varnish. 

Allowance has, therefore, been made for 2 
per cent maximum moisture including volatile 
TABLE II.—COLOR NUMBERS OF ORANGE SHEL- 

LAC SOLUTIONS OBTAINED IN COOPERATIVE 
TESTS WITH PROPOSED METHOD. 
Brooklyn 
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matter, and 3 per cent insoluble matter in orange 
shellac; and 6 per cent moisture and volatile 
matter in bleached shellac, in arriving at a 
minimum value. Varnishes of the above speci- 
fied bodies or “‘cuts’’ should accordingly con- 
form to the respective minimum requirements 
specified for nonvolatile matter. 


It is pointed out that considerable con- 
fusion has resulted from the insistence 
of the trade in employing pound cuts in 
designating shellac varnish, and it is 
therefore believed the above revision will 
clarify the situation. 

The subcommittee recommends that 
the present tentative revision’ of the 
Standard Specifications for Orange Shel- 
lac (D 237 — 33) be adopted as standard. 


17 1939 Book of A.S.T.M. Standards, Part II, p. 1183 or 
1940 Supplement to Book of A.S.T.M. Standards, Part II, 


Minor editorial changes are aly 
recommended in the Standard Methods 
of Sampling and Analysis of Shellac 
(D 29 — 40),!* as follows: 

Section 12 (e).—Change the descrip- 
tion of the starch solution from its 
present form to read as follows: 


(e) Starch Solution.—Make a paste of 02 
of soluble (potato) starch in cold water a 
pour into 100 ml. of boiling water, boil for § 
min., cool, and bottle. 


The subcommittee is now engaged in 
the preparation of a revision of the exist- 
ing method for determining drying 
time and the method for determining 
matter insoluble in cold alcohol. 

Subcommitiee XV on Specifications for 
Pigments Dry and in Oil When Marketed 
in That Form (C. L. Crockett, chairman) 

This subcommittee recommends for 
publication as tentative, as appended 
hereto,!® new Specifications for Dia- 
tomaceous Silica Pigment, Barium Su: 
fate Pigments, Mica Pigment, Aluminum 
Silicate Pigment, Magnesium Silicate 
Pigment, and Lead Titanate. These 
five new specifications covering the 
extender pigments were prepared as 
result of requests from consumer | 
terests which originated with the Nort 
Dakota State Laboratory in 1939. Lead 
titanate has also come into use as 4 
pigment and, as a result of consumer 
requests, specifications for this pigment 
are also being offered. . 

The subcommittee was requested 0) 
producer interests to revise the footnot 
appearing in the table of requirements" 
the Standard Specifications for Lead 
Zinc Oxide (D 80-40)” as it wa 
believed inadequate, as published 
the purpose intended. The followin: 


for 


oy 1940 Supplement to Book of A.S.T.M. Standards, F 

» p. 142. 

These specifications were accepted as tents 

the Society and appear in the 1940 Supplement 10 ® 

A.S.T.M. Standards, Part II, pp. 372 to 377, he 
20 1940 Supplement to Book of A.S.T.M. Standards, } 

II, p. 130. 
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revision of this standard is accordingly 
recommended for immediate adoption: 

Section 2 (a).—Change the footnote 
following the table of requirements for 
composition and properties of dry pig- 
ment from its present form: namely, 

“These specification limits may apply to 
any other combination of zinc oxide and normal 


or basic lead sulfate that is agreed upon by the 
purchaser and the seller, but the allowable 


minimum and maximum limits for zinc oxide 
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26 pigment specifications listed below. 
This proposed revision resulted from 
numerous requests from consumers, pro- 
ducers, and general interest members, 
the consensus of opinion being that the 
sampling paragraph as published in the 
A.S.T.M. specifications cited, does not 
adequately take care of present-day 
conditions. 

Number of Tests.—Change this section 


TABLE III.—CHANGE OF COLOR NUMBERS OF ORANGE SHELLAC SOLUTIONS WITH TIME. 


Age of Varnish, days 


Sample Cooperator® 
FO Heart 

F O Superfine | 

FOTN 


F O Beta 


Superfine 


< 


London TN 


Delta 


7 


Polytechnic Institute of Brooklyn, Brooklyn, N. Y. 
National Bureau of Standards, Washington, D. C. 


content shall be individually agreed upon for 
tach combination. 


to read as follows: 


These specification limits and the permis- 
sible variation for zinc oxide content (plus 2 
and minus 3 per cent, based on the percentage 
of zinc oxide claimed) apply to any other com- 
‘ination of zinc oxide and normal or basic lead 
sulfate that is agreed upon by the purchaser 
and the seller, 


The following revised section on 
‘ampling or number of tests is proposed 


in each of the 26 specifications to read 
as follows: 


Two samples shall be taken at random from 
different packages from each lot, batch, day’s 
pack, or other unit of production in a shipment. 
When no markings distinguishing between units 
of production appear, samples shall be taken 
from different packages in’ the ratio of two 
samples for each 10,000 lb., except that for 
shipments of less than 10,000 lb. two samples 
shall be taken. At the option of the purchaser 
the samples may be tested separately, or after 
blending in equal quantities the samples from 
the same production unit to form a composite 
sample. 
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The above revision affects the follow- 
ing specifications: 
Standard Specifications for: 

Zinc Oxide (D 79 — 39) ,7! 

Leaded Zinc Oxide (D 80 - 40),” 

Basic Carbonate White Lead (D 81 — 38),”! 

Basic Sulfate White Lead (D 82 -—38),?! 

Red Lead (D 83 — 39),”! 

Mineral Iron Oxide (D 84 - 40),” 

Ocher (D 85 40),” 

Lampblack (D 209 — 30),”! 

Bone Black (D 210-30), 

Chrome Yellow (D 211 — 40),” 

Pure Chrome Green (D 212 - 40),” 

Reduced Chrome Green (D 213 — 40),” 

Prussian Blue (D 261 — 40),” 

Chrome Oxide Green (D 263 - 40),” 

Reduced Para Red (D 264 — 40),” 

Aluminum Powder for Paints (Aluminum 
3 Bronze Powder) (D 266 — 39),”! 

Gold Bronze Powder (D 267 — 31), 

Blue Lead; Basic Sulfate (D 405 38) 

Aluminum Pigment Paste for Paint 
(D 474 — 39),! 

C. P. Para Red Toner (D 475 — 40),” 

Titanium Dioxide Pigments (D 476 

Zinc Sulfide Pigments (D 477 — 39)?! 

C. P. Zinc Yellow (Zinc Chromate) (D 478 

Zinc Dust 

(D 520 40) ,” 


Tentative Specifications for: 


Ultramarine Blue (D 262 —-40T),” and 
Carbon Black (D 561 — 40 T).” 


39),2! 


(Metallic Zinc Powder) 


The subcommittee recommends for 
adoption as standard the Tentative 
Specifications for ** Titanated Lithopone 
(D 477-40T) to be added to the 
Standard Specifications for Zinc Sulfide 
Pigments (D 477 — 39), Tentative Speci- 
fications for Ultramarine Blue (D 262 
40 T), as revised, and for Carbon Black 
(D 561-40 T), as revised. The revi- 
sions in the two latter specifications 
refer to the new sampling paragraph. 

Subcommittee X VIII on Physical Prop- 
erties of Materials (M. Rea Paul, 
chairman).—This subcommittee recom- 
mends that the present Tentative 
Method of Test for Specular Gloss of 


21 1939 Book of A.S.T.M. Standards, Part II. 

2 aoe Supplement to Book of A.S.T.M. Standards, 

art II. 

28 1940 Supplement to Book of A.S.T.M. Standards, Part 
II, pp. 310, 308, 307. 


Paint Finishes (D 523-—39T) be re. 
vised as appended hereto* and contin. 
ued as tentative. This extensive reyj. 
sion of the method represents an attempt 
to provide a test procedure whereby 
specular gloss can be more precisely 
measured. 

The subcommittee reports progress 
on its work of drafting a tentative 
standard involving use of the LC] 
method and data in the specification of 
color; on the development of a standard 
method of panel preparation for use in 
specular gloss determinations; and in its 
work of developing test methods for the 
adhesion of paint and varnish films and 
for preparation of uniform paint films. 

Subcommitlee X XV on Cellulose Ester 
Coatings (R. M. Carter, chairman). 
This subcommittee recommends for pub- 
lication as tentative, new Specifications 
for Dibutylphthalate.® Dibutylphtha- 
late is a commonly used lacquer plasti- 
cizer and is one of the raw materials 
employed in cellulose ester coatings, 
specifications for which will general) 
benefit the lacquer industry. 

Adoption as standard is recommended 
for the Tentative Method of Test for 
Elongation of Attached Lacquer Coat 
ings with the Conical Mandrel Tes 
Apparatus (D 522 — 39 T).* 

The subcommittee further recom 
mends that the Tentative Method 
Test for Toluene (Toluol) Dilution Rat 
of Lacquer Solvents (D 268-391 
which represents a tentative revision 
the Standard Methods of Sampling a! 
Testing Lacquer Solvents and Diluents 
(D 268 — 33) be adopted as standard. 

Subcommittee XXIX on Preparation 
and Painting of Structural Iron and Stee! 
(A. J. Eickhoff, chairman).—This sub- 

2 This revised method was accepted as tentatiy 
the Society and appears in the 1941 Supplement to 
of A.S.T.M. Standards, Part II, p. 401. % 

2% These specifications were accepted as tentatlv 
the Society and appear in the 1941 Supplement to 
A.S.T.M. Standards, Part II, p. 394 


94. 
26 1939 Book of A.S.T.M. Standards, Part II, p. 1150. 
27 [bid., p. 1147. 
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committee in its report appended hereto members returned their ballots, of whom — 

presents the results of several field 91 have voted affirmatively and 0 

inspections of its pretreated and painted _ negatively. 

test panels after an exposure of over 

21 months. Respectfully submitted on behalf of. 
the committee, 


_H. E. Surru, 
Chairman. 


This report has been submitted to a 
letter ballot of the committee which M. Rea Paut, 
consists of 209 voting members; 107 — 
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REPORT OF SUBCOMMITTEE XXIX ON PREPARATION AND 
PAINTING OF STRUCTURAL IRON AND STEEL 


Authorized on April 15, 1937, Sub- 
committee XXIX on Preparation and 
Painting of Structural Iron and Steel, of 
Committee D-1, held its organization 
meeting at Atlantic City, N. J., on 
June 30, 1938. Due to many diverse 
opinions concerning the program out- 
lined at this meeting, a Steering 
Committee was appointed composed 
_of H. E. Smith, chairman of Committee 
D-1; J. C. Moore, Sinclair Refining 


committee XXIX. The Steering 


Committee planned a series of panel 


tests which it believed would demon- 
strate the relative merits of several 
~ methods of surface preparation (chemical 
and mechanical). 
Within the past few years there 
has appeared on the market a number 
of aqueous inhibitive solutions to be 
_ applied at atmospheric temperature. 
These solutions consist essentially of a 
mixture of water, chromates, reduced 
chromates, orthophosphoric _acid, 
wetting agents, and metallic phosphates. 

This has given rise to the discussion 
concerning the relative advantages of 
painting over ‘‘cold-pretreated” surfaces, 
mill scale, sandblasted steel, and surfaces 
which have rusted, been wire-brushed, 
and given a cold pretreatment. It 
is generally recognized that the “hot” 
type (180 to 200F.) phosphate-phos- 
phoric acid pretreatment (used 
extensively on automobile bodies) is 
definitely advantageous for increasing 
the paint adhesion and retarding the 


spread of corrosion between the paint 
film and the steel surface. However, 
the “hot” pretreatment is not practical, 
from the standpoint of field application, 
for structural steel. 

For the present this subcommittee is 
not concerned with the advantages of 
different paint formulations. A con- 
siderable amount of such work has 
been done by former A.S.T.M. sub- 
committees and presented in_ earlier 
reports, as follows: 


Reports on Inspection of the Havre de Grace 
Bridge, Proceedings, Am. Soc. Testing Mats., 
Vols. VI to XI (1906-1911); Vol. XIII, p. 332 
(1913); Vol. XIV, Part I, p. 232 (1914); Vol. XV 
Part I, p. 189 (1915). 

Reports on Atlantic City Steel Plate Paint 
Tests, Proceedings, Am. Soc. Testing Mats. 
Vols. VIII to XI (1908-1911); Vol. XIII, p. 30 
(1913); Vol. XIV, Part I, p. 259 (1914); Vol. 
XV, Part I, p. 214 (1915). 

Reports of Subcommittee XIV on Prepara- 
tion of Iron and Steel Surfaces for Painting, of 
Committee D-1, Proceedings, Am. Soc. Testing 
Mats., Vols. XVI to XIX, Part I (1916-1919 
Vols. 21 to 26, Part I (1921 to 1926); Vol. 28 
Part I (1928). 


Preparation of Test Panels: 


The steel panels used in this test 
were 2 by 3 ft. by 35 in. hot rolled, 
copper content not more than 0.06 per 
cent. The panels to be painted included 
the following surfaces: 


Surface 1.—Original panel with mill 


scale. Grease and dirt removed with 
volatile petroleum solvent. Imme 
diately before painting, a large X wa 
scratched diagonally across the panel 
so as definitely to score the mill scale. 
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There was some question as to how 
much protection unbroken mill scale 
would afford. 

Surface 2.—A badly rusted steel panel 
which was wire brushed before any 
paint or chemical pretreatment was 
applied. 

Surface 3.—An original panel sand- 

blasted to remove all of the scale. 
| Mr. J. W. Iliff of the E. I. du Pont de 
Nemours and Co. furnished a special 
grit to be used in sandblasting. These 
panels were all sandblasted at Palmerton, 
Pa., by the New Jersey Zinc Co. One 
talf the number of sandblasted panels 
were sent to Mr. Rose at the National 
lead Co., Brooklyn, N. Y. 
eight hours elapsed between the sand- 
blasting and pretreatment or painting. 

All panels were backed with a suitable 
metal protective paint and appropriately 
marked or numbered. Two locations 
were selected, namely, Bethlehem, Pa. 
an industrial atmosphere) and Say- 
ville, Long Island, N. Y. (a seacoast 
atmosphere). There were 24 panels 
at each location. The panels were 
exposed at an angle of 45 deg. facing 
south. 

Inasmuch as this series of test panels 
vas not designed to study various paint 
ormulations, no description of the 
jaints used is given in this report. 
Henceforth the paints will be known as 
primer paint A, finish paint A, and 
primer paint B, finish paint B. The set 
it panels treated and painted at Palmer- 
on, Pa., under the direction of G. W. 
Ashman of the New Jersey Zinc Co. 
"as exposed at Bethlehem, Pa. These 
panels were numbered 1B, 2B, 3B, etc. 
The following is the preparation sched- 
ule given these panels in carrying out 
the test procedure suggested by the 
subcommittee: 


July 26, 1939, sixteen panels were 
sandblasted 


Forty- 


July 28, 1939, all of the panels, 
treated, photographed and prime 
painted 

July 30, 1939, panels second coated 


The temperature and relative hu- 
midity ranges and the respective average 
values for each 12-hr. period as based 
on hourly readings, were as follows: 


Temperature, deg. Fahr., 

10 a.m. to 10 p.m. 

Min. 

July 28, 1939 
July 30, 1939 


> Relative Humidity, per cent 
10 a.m. to 10 p.m. 


July 28, 1939.......... 
July 30, 1939 


Avg. 


On August 15, 1939, a small x (about 
2 in.) was cut through the paint film 
to the metal. Panels were crated and 
sent to Bethlehem, Pa., and put out for 
exposure (45 deg. facing south) by 
E. B. Mancke of the Bethlehem Steel Co. 

The set of panels exposed at Sayville, 
Long Island, was prepared at Sayville 
under the direction of Carlton Rose of 
the National Lead Co. These panels 
were numbered 1S, 2S, 3S, etc. The 
following is the preparation schedule 
used by Mr. Rose: Panels numbers 
1S, 2S, 3S, 4S, 7S, 8S, 9S, 10S, 13S, 14S, 
15S, 16S, 19S, 20S, 21S, and 22S were 
primed July 27, 1939, at a temperature 
of 81 F., and a relative humidity of 
79 per cent. The finish paints were 
applied on these panels July 31, 1939, 
temperature 87 F., relative humidity 
64 per cent. Panel numbers 5S, 6S, 
11S, 12S, 17S, 18S, 23S, and 24S (sand- 
blasted panels) were primed July 28, 
1939, temperature 81 F., relative hu- 
midity 79 per cent. The finish paints 
were applied July 31, 1939, temperature 
87 F., relative humidity 64 per cent. 
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Pretreatments of Test Panels: 


In reporting the results of the aqueous 
inhibitors or pretreatments they will be 
noted as pretreatment x, y, or z, rather 
than by the individual brand names. 

Pretreatment ‘“‘x’’ consisted of chromic 
acid, phosphoric acid, a wetting agent, 
and some zinc dissolved in the phosphoric 
acid. 

It was used as received (without 
dilution) and applied by brush. A 
uniform coat was applied so that the 
surface was wet evenly without the 
accumulation of material in recesses or 
along the bottom edges. The tempera- 
ture of the solution at the time of 
application was 80F. After allowing 
the film to become thoroughly dry 
(1 hr.), the surface was ready for a 
first paint coat. The treated metal 
surface was not rinsed before applying 
the paint. 

Pretreatment “‘y” consisted of a satu- 
rated solution of zinc phosphate in the 
minimum amount of phosphoric acid 
which will keep it in solution. 

It was used as received (without 
dilution) and applied by brush in as 
heavy a coating as would hold to a 
vertical surface. The temperature of 
the solution at the time of application 
was 80F. The pretreatment was 
allowed to air dry on the steel for 4 hr. 
Then the light-colored coating which 
had formed on the metal was thoroughly 
rinsed with clean water. The rinsing 
was carried out by flushing water on the 
coated surface with a hose. The rinsed 
surface was then allowed to air dry 
thoroughly. After it had dried 1 hr. it 
received the first coat of paint. 

Pretreatment “‘z’’ consisted of a ho- 
mogeneous mixture of phosphoric acid, 
acid-chromic phosphate, water-soluble 
oil solvent, wetting agent, and water. 
This pretreatment was reduced with 


4 


REPORT OF SUBCOMMITTEE XXIX or Committee D-1 4 


3 volumes of hot water (170 to 180 F.) to Pan 
Sayv 
one volume of pretreatment “z”’ before 
application and then applied by brush in 
sufficient quantity merely to wet the 
surface. The surface was permitted t 
become thoroughly and completely dr | 
(2 hr. drying time) before the priming | 
coat of paint was applied. The grayis | 
deposit from the chemical pretreatment |! 
was allowed to remain on the panels 
The temperature of the solution wi Pane 
applied was approximately 130 Sayvil 
Painting of Test Panels: 

In order to make the exposures at th , 
two locations as comparable as possible, 1 
the spreading rates of the paints were I 
carefully noted. 

The spreading rates of paints A and B 2 
which were applied to the panels expos 
at Bethlehem are shown in the following 
table: : The 

siderat 

Panel No. at Primer Paint A, Finish Pain 

Bethlehem, Pa. sq.ft,pergal. sq. ft, per rates a 

600 paintin 
ment ; 
605 rates a 
570 that th 
585 
600 coat of 
590 Tabl 
conditi 
595 and su 
600 and 
Panel No. at Primer Paint B, Finish Pai omitter 
Bethlehem, Pa. sq.ft,pergal. sq. ft. per 
735 than 
710 spreadi 
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The spreading rates of paints A al graphs 


B applied to the panels exposed 4 Rose 
Sayville are shown in the following table: 


A 


| 
t 
® 


— 


Primer Paint A, Finish Paint A, 
sq. ft, per gal. sq. ft, per gal. 

962 

934 

883 

815 

757 

935 

722 

739 

756 

962 

883 

794 


Primer Paint B, 
sq. ft, per gal. 


19S... 
238... 


Panel No. at 


Finish Paint B, 
Sayville, L. 1. 


sq. ft, per gal. 
1127 
1217 
1217 
1217 
1127 
1217 
1171 
1217 
1217 
1171 
1171 
1171 


The above tabulations show con- 
siderable variation in the spreading 
rates as applied to the panels at the two 
jainting stations. However, the agree- 
ment and uniformity of the spreading 
rates at a given painting station indicate 
that the panels have a fairly uniform 
at of paint. 

Table I gives a summary of the surface 

nditions of the panels, pretreatments, 

nd surface markings. The letters “B” 

| “S” (Bethlehem and Sayville) are 

mitted from the panel numbers. Other 

the geographical location and 
reading rates, panels 1B and 1S, 2B 
| 2S, etc., have the same surface, 
elreatment, etc. 

Prior to the painting and after the 
coat of paint had been applied, 
graphs were taken in order that a 
ite record of the initial condition 

the panels would be available. These 

tures include black and white photo- 
saphs taken by Mr. Ashman and Mr. 

‘oe and Kodachrome photographs 

xen by Mr. Iliff. At definite intervals 
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Mr. Iliff plans to take further photo- 

graphs in color of the weathered panels. 
The panels at Bethlehem, Pa., and 

Sayville, Long Island, were put out for 

exposure on August 15, 1939, at an angle 

of 45 deg. facing south. 

TABLE I.—SUMMARY OF SURFACE CONDITIONS, 


PRETREATMENTS, AND SURFACE MARKINGS 
OF TEST PANELS. 


| 


Surface 
Condition 


Wire-brushed 
| Pretreatment 
Surface Mark 


Mill scale 
Mill scale 
.| Rusted 
Rusted 
.| Sandblasted 
Sandblasted 


Mill scale 
.| Mill scale 
Rusted 
.| Rusted 
.| Sandblasted 
Sandblasted 


Mill scale 
Mill scale 
Rusted 
Rusted 
Sandblasted 
Sandblasted 


Mill scale 
Mill scale 
Rusted 


<<“<<“< 


Rusted 
Sandblasted 
| Sandblasted 


SSNSSNSN 


Inspections of Test Panels: 


The test panels at Sayville were 
inspected by the subcommittee on 
December 14, 1939 and those at Beth- 
lehem on December 15, 1939. A second 
inspection of the panels at these two 
locations was made by the subcommittee 
on May 28 and 29, 1940, respectively 
At the May, 1940, inspection it was 
necessary to sponge lightly with water” 
the test panels at Bethlehem in order to 
remove the accumulation of dirt, ashes 
and soot. No cleansing was necessary 
of the test panels at Sayville. At both 
of these inspections the panels were 
rated and an estimate was made of the 
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film of the small x originally cut in the 
upper right hand corner of the panel. 
The results of these inspections are given 
in Table II. 


of this study is to determine the amoun; 
of protection (free from rust), afforded 
by the presence or absence of mechanical 
or chemical treatment of the steel 


Rather than try to rate the panels as 
excellent, good, etc., the members of 
the inspection committee agreed, for the 
present, to use the Swedish Pictorial 
Rusting Standards. These standards 


Ratings of Panels at 
Sayville, L. I., Based on 
Swedish Pictorial 
Rusting Standards 
Panel No. 


Inspection | Inspection | Inspection 
on on 
December December 

14, 1939 14, 1939 


| 


Creepage Under Paint 
Film of Sayville Panels 
Where Small x was 
Cut in Upper Right 
Hand Corner, in. 


Inspection 


surface prior to painting. 


Differences in the degree of rusting of 


the same type of surface at the ty 


locations may be ascribed to the f 


lowing: 


Ratings of Panels at 
Bethlehem, Pa., Based 
on Swedish Pictorial 
Rusting Standards 


Inspection | Inspection 
on 
December 


15, 1939 


RAK 


@ With 6 or 7 pin point rust spots. 
» With 6 rust spots in long X scratch. 

© With 30 to 35 pin point rust spots. 

4 With a small imperfection in upper left hand corner. 
© With 8 rust spots. 

/ With subsurface corrosion. 


are colored photographs of painted 
steel panels which show various degrees 
of rusting, No. 10 is free from rust, 
No. 9 shows slight rust, etc., and so on 
to picture No. 1 which shows a totally 
rusted surface. 

These inspections were made only 
for the purpose of noting the absence or 
degree of rusting on the panels. The 


gloss, dirt retention, chalking, etc., of | 


the paint film was not given any weight 
or consideration in judging. The object 


10 


9 With 25 rust spots. 


TABLE II.—REPORT ON INSPECTIONS OF TEST PANELS, DECEMBER, 1939 AND MAY, 1940 


Creepage Under Paint 
Film of Bethlehem 
Panels Where Sr 
_ was Cut in Upper 
Right Hand Corner 


Inspection | Insp 

on | 

December | 
15, 1939 


AA 


A 


A 


. With continued rusting in diagonal scrat 


‘ With a few incipient 
? With 5 rust spots. 


breaks in paint film 


* With minute unbroken pin point blisters 


Differences in spreading rates 


the paints. 


coating of paint 
Sayville. 


On the whole 
panels at Bethlehem have a thicker 


than the panels 


More moisture at Sayville than 4 


Bethlehem. 


Extra protection is afforded ' 


dirt) which 


y 


‘ panels at Sayville. 


panels at Bethlehem (due 10 $ 


is not afforded 
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Two further inspections were made 
of the test panels. Those at Sayville 
were examined on November 20, 1940, 
and June 17, 1941, and at Bethlehem on 
January 21, 1941, and June 18, 1941. 
The results of these inspections are given 
in Table III. At these inspections no 
TABLE II. REPORT OF INSPECTIONS OF TEST 


PANELS, NOVEMBER, 1940, AND JANUARY 
AND JUNE, 1941. 


Rusting Standards 


| Ratings Based on Swedish Pictorial 


\Inspection' nspection 


Panel No. | of Panels | of Panels | of Panels | of Panels 

at Say- | at Bethle- at Say- |at Bethle- 

ville, L.I., | hem, Pa., ,, hem, Pa., 

November January ~“— 17," June 18, 
20, 1940 21, 1941 1941 1941 
Bs gt 9 7 7 
2 10 10 10 10 
3 4 5 4 4 
4 | 10 5 
5 | 8 10 10 
6 10 10 10 10 
10 8 
8 10° 10 gt 10 
9 2 6 2 4 
10 6 10 5 & 
11 7 | 9 g& 9 
12 10 10 10 10 
13 10 & 
14 10 | 10 9 10 
15 5 6 5 5 
16 3” 9 gt 7 
17 7 | 10 7 10 
18 10 10 10 10 
19 9 10 9 9 
20 9 10 9 9 
21 | 4 5 4 4 
22 3 | 9 3 7 
4 | 10 | 10 Ww | 10 


With failure along large 

With subsurface rusting. 

With scattered rust spots in large diagonal X. 
‘With subsurface corrosion. 


illempt was made to estimate creepage 
inder the paint film. Instead Mr. Iliff 
took natural color photographs of this 
area. Color photographs were also 
taken of the entire panel. 

In Figs. 1, 2, 3, and 4 there is plotted 
the time of exposure of the test panels 
in months against the ratings of the 
panels based on the Swedish Pictorial 
Rusting Standards, this data being ob- 
tained from Tables I] and III. Certain 
portions of the conclusions and observa- 
tions may be ascertained from a study 


of these four figures. Other portions of 
the observations and conclusions are 
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wo 

£ © No Pretreatment 

AE Mill Scale x Pretreatment x 
Panels 4 Pretreatment y | 

= 0 Pretreatment 

=< 10} 

8 

6 

a 

4 Rusted Pane/s, 

3 2 Wire Brushed 

8} ox do 

2 6+ 

Sandblasted 

4b Panels | 

4 ie) 17 72 


obvious only from a study of the Koda- 
chrome slides. 


Exposure of Test Panels at 45 deg. South, months 


Fic. 1.—Ratings of Paint A on Panels Exposed 
at Bethlehem, Pa. 


Exposure of Test Panels at 45 deg. South,months — 


Cc 
6 ° No Pretreatment 
Scale x Pretreatment x 
o 4} Panels 4 Pretreatment y 
Te) 
5 ‘oan x7 \ 
6 q 40- 4 
Rusted Porne/s, 
w Wire Brushed 
2 a + + + 
pa 8 —oaax~ . 
6 4 
Sandblasted Fanels 
J 
— 
4 9 17 22 


Fic. 2.—Ratings of Paint B on Panels Exposed 
at Bethlehem, Pa. 


Conclusions after 22 Months Exposure: 


Now that the panels have been ex- 
posed outdoors at 45 deg. south for 22 
months, the following conclusions appear 


| 
| 
unt 
| 
| 
| 
| 
ratch 
ulm. 
| 
ates 
the 
thicker | 
anels 2! | 
| 
ded the 
to soot 
rded the 
4, 
| 


2 
Te] 
+ 
4 
a 
~ 
4 
10 
¢ 
o 
9 
€& 


sting Standerds 


REPORT OF SUBCOMMITTEE XXIX or CoMMITTEE D-1 


to be valid. These conclusions were 
based only on significant differences in 
panel performance and a close study of 
the Kodachrome slides. A significant 
difference was arbitrarily defined as that 
which exceeded 2 points on the Swedish 
Pictorial Rating Scale. 

1. Both the “as rolled” and sand- 
blasted panels were comparatively easy 
surfaces to protect against corrosion by 


on 


44 4 
© No Pretreatment 

* Pretreatment x Mill Scale 

“ Pretreatment y Panels 

Pretreatment z 


Oo > 


NY OO 


Rusted Pane/s 
Wire Brushed 


ay 


Sandblasted 
Panels 


& 


4 9 I5 22 
Exposure of Test Panels at 45 deg. South, months 


Fic. 3.—Ratings of Paint A on Panels Exposed 


at Sayville, Long Island, N. Y. 


2. The rusted mill scale panels were 
consistently difficult to protect against 
corrosion by weathering. 

3. Rust creepage at the small x cut 
on the upper right hand corner was 
greatest with the rolled’ steel. 
This creepage was much less with the 
rusted steel and practically nil on the 
sandblasted steel. This was essentially 
true for all surface treatments (chemical 
and mechanical). 

4. To date none of the chemical 
treatments have afforded any consistent 
advantage or disadvantage when applied 


to iron surfaces under test. 


Observations: 


The following observations may be of 


interest: 

1. Over'the mill scale and sandblasted 
panels some of the pretreatments are 
showing slight advantages with paint A. 
It is therefore possible that these 
advantages may be extended to paint B 
when it (paint B) has failed to a « 
siderably greater extent. 


Oax 


© No Pretreatment ** 

x Pretreatment x 

4 Pretreatment y 

Pretreatment z 


t Scale 


| Panels 


Rusted 
Panels, 
} Wire Brushed 


Sandblasted Pane/s 


AOD 


Ratings Based on Swedish Pictorial Rusting Standards 


4 9 
Exposure of Test Panels at 45 deg. South, montt 


Fic. 4.—Ratings of Paint B on Panels Expo 
at Sayville, Long Island, N. Y. 


2. It has been noted that the failur 
of the rusted panels was inconsistent 
for example: 

(a) Slight advantages have been 
shown for pretreatment x under paint A 
at Bethlehem; slight disadvantages 
under paint B at Bethlehem 4 
Sayville. 

(b) Slight advantages were observed 
for pretreatment y under paints A andB 
at Sayville; slight disadvantages under 
paint B at Bethlehem. 

(c) No disadvantage was observed for 
pretreatment z under paint A at Beth: 
lehem or Sayville. Slight disadvantage 


were 0 
ehem | 
(d) 
origina 
photog 
panels 
(e) 
reduce 
ut in 
panel. 
consist 


Acknow 


Ackn 
tollowit 
and as: 
materia 

G.V 

V.M 


328 
a 
weathering. 
14 10 
a 
d 
10 
“NE 
{ 
| 
| 
4 ' 


On PAINTING OF STRUCTURAL STEEL 7 329 


were observed under paint B at Beth- H. A. Gardner, National Paint, Var- 
hem and Sayville. nish and Lacquer Assn. 

(d) Astudy of the photographs of the J. L. Gregg, Bethlehem Steel Co. _ 
wrginal rusted panels and progress R. L. Hallett, National Lead Co. 
shotographs of the paint failures on the J. W. Iliff, E. I. du Pont de Nemours 
- shows no similarity in pattern. and Co., Inc. 

(e) The chemical treatments seem to C. A. Lominska, National Lead Co. 
reduce rust creepage at the small x E. B. Mancke, Bethlehem Steel Co. 
aut in the upper right-hand corner of the H. A. Nelson, New Jersey Zinc Co. 
wnel. However, this tendency is not John Pelly, Bethlehem Steel Co. 


consistent. oe Carlton Rose, National Lead Co. 
F. P. Spruance, American Chemical 
Acknowledgments: 


Paint Co. 
Acknowledgment is made to the J. V. Thompson, Thompson and Co. 
| following for their unselfish cooperation 


ind assistance in furnishing labor and Respectfully submitted on behalf of 
materials used in the test: the subcommittee, 


G. W. Ashman, New Jersey Zinc Co. 
V.M. Darsey, Parker Rust Proof Co. 
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A. J. E1cknorr, 
Chairman. 


| | 

| 
B 

at 
ilure 

rages ‘a @ 

nd B bd 


REPORT OF COMMITTEE D-2 


4 


PETROLEUM PRODU 


Committee D-2 on Petroleum Prod- 
ucts and Lubricants held three regular 
meetings during the past year (in June 
at Atlantic City, N. J., in January at 
Detroit, Mich., and in March at Wash- 
ington, D. C.). 

During the year, Section III on 
Oxidation of Turbine Oils has been 
organized in Technical Committee C 
on Turbine Oils, and Subcommittee 
XXVII on Classification of Automotive 
Lubricants and the Special Subcommit- 
tee on Federal Specifications Board 
Methods not A.S.T.M. Standards have 
been discontinued. 

Table I shows the changes in status 
during the year of American standards 
and American tentative standards for 
petroleum products, approved by the 
American Standards Association on the 
recommendation of Sectional Committee 
Z11 on Petroleum Products and Lu- 
bricants. 

The voting membership of Committee 
D-2 now consists of 38 producers, 29 
consumers, and 12 general interest 
members. 

Subcommittee V on Viscosity (J. C. 
Geniesse, chairman), has made a com- 
parison of kinematic and Saybolt Furol 
viscosities. Seven laboratories deter- 
mined the Saybolt Furol viscosity at 
122 F. on seven samples of oil, and four 
laboratories determined the kinematic 
viscosity on the same samples at the 
same temperature, with results as shown 
in Table II. The last column of the 
table contains Saybolt Furol viscosities 
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computed from kinematic viscosities 
by means of equations developed by 
W. H. Herschel. 


TABLE I. 
Current 
ASTM 
Designation 


Title 


RE ‘ISIONS OF AMERICAN 
STANDARDS 


Test for Distillation of 
Gasoline, Naphtha, Kero- 
sine, and Similar Petro- 
leum Products... 

Test for Distillation of 
Natural Gasoline ...... 

Test for Flash Point by 
Means of the Pensky- 
Martens Closed Tester 


Z11.10-194 
ZAL. 


Z11.7-19 
Analysis of Grease 
Test for Knock Character- 
istics of Motor Fuels 
Test for Water in Petro- 
leum Products and Other 
Bituminous Materials 
Test for Water and Sedi- 
ment in Petroleum Prod- 
ucts by Means of Centri- 
fuge..... : 
Test for Precipitation Num- 
ber of Lubricating Oils 
APPROVAL AS AMERICAN 
STANDARD 


Test for Unsulfonated Resi- 
due of Plant Spray Oils. 

Specifications for Stoddard 
Solvent....... 


D 483 - 40 
D 484 - 40 


ASTM 


Title Designation 


WITHDRAWAL OF APPROVAL 
AS AMERICAN TENTA- 
TIVE STANDARD 
Test for Sulfur in Petroleum 

Oils by Lamp Method 
Test for Color of Lubricat- 
ing Oil and Petrolatum by 
Means of A.S.T.M. Union 
Colorimeter 
Test for Neutralization 
Number of Petroleum | 
Products and Lubricants.| D 188 - 


D 90-347, 


D 155 - 39 T| 


The computed and_ experimen 
values are in good agreement, 0 
quently the subcommittee 
mending the publication as inform™ 
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of a Proposed Method for Converting 
Kinematic Viscosity to Saybolt Furol 
Viscosity at 122 F. as shown in Appendix 
I. The Saybolt Furol viscosities in 
seconds for the kinematic range of 48 
to 400 centistokes are based upon the 
Herschel equations. Above 400 centi- 
stokes the relationship between Saybolt 
Furol viscosity and kinematic viscosity 
is approximately linear, and the conver- 
sion constant of 0.47 is recommended. 


TABLE II.—SAYBOLT FUROL AND KINEMATIC VISCOSITIES AT 


the method of test for neutralization 
number published as information last 
year,' revised to provide for one re- 
heating only, be published as a tentative 
standard? to replace the present Tenta- 
tive Method of Test for Neutralization 
Number of Petroleum Products and 
Lubricants (D 188 - 27 T). This 
method was the most reproducible 
and gave results of the same order 
as the present tentative method, making 


122 F. 


Viscosity at 122 F. 


Laboratory 


Aver- Calcu- 


No.2 


310.8 
660.9 


194.8 
415.7 


106.6 
225.2 


69.2 
145.0 


45.4 
93.9 


32.2 
64.6 


25.0 
47.7 


Saybolt Furol.......... 
Kinematic 


Saybolt Furol 
Kinematic 


Saybolt Furol 
Kinematic 


Saybolt Furol 
Kinematic 


Saybolt Furol 
Kinematic 


Saybolt Furol 
Kinematic 


Saybolt Furol 
Kinematic 


awe BR SO 


lated 


No.5 Values* 


2. 
° 
=] 


309.0 309.5 


noe 
. 


197.0 194.7 


107.0 106.2 
69.4 69.0 
45.5 


32.3 


NN Nr ne un no 


25.1 


* The calculations were made in accordance with the following equations: 


Below 35 sec. Saybolt Furol: 
Kinematic viscosity in centistokes = 2.1 4 — 
Above 35 sec. Saybolt Furol: 


where: § = Saybolt Furol viscosity in seconds. 


Subcommittee XIII on Neutralization 
Number and Saponification (H. P. Fer- 
guson, chairman) has been studying 
for a number of years the variables 
afecting the results cbtained in the 
determination of neutralization number. 
This study has shown that temperature, 
lime, degree of agitation, strength and 
ype of solvent, and strength of alkali 
aflect the level and reproducibility of 
results. Cooperative tests to compare 
the results obtained by closer control 
of these variables are shown in Table III. 

The subcommittee recommends that 


122 


Kinematic viscosity in centistokes = 2.134 —- —. 


possible comparison of previous data. 

The subcommittee has prepared a 
potentiometric method and a so-called 
“Rapid Method” for determining neu- 
tralization number which are published 
as information only and appear as 
Appendices II and III, respectively. 
The potentiometric method permits the 
accurate determination of neutralization 
numbers on severely oxidized oils, but 
since the equipment is not generally 


available and needs further study, it is 


1 Proceedings, Am. Soc. Testing Mats., Vol. 40, p. 309. 

2 This method was accepted as tentative by the Societ 
and appears in the 1941 Supplement to Book of A.S.T.M. 
Standards, Part III, p. 302. 


j 
sn. | — 
; 
No.1 | | No.3 | No.4 | 
amber A 311.2 308.0 | 313.3 
| 
B 194.8 194.0 | 196.9 : 
104.0 | 107.6 
| 
E 45 46.0 
F 32.9| 32 32.3 0 32.4 - 
G 25.5 | 25.2 | 24.9) . 25.3 0 25.0 
| 
ASA 
Number 
| 
7 
ormati# 


TABLE III.-NEUTRALIZATION NUMBER BY 
VARIOUS METHODS. 
Method | Method 


D 188 — 27 T | Published as 


Information 


Laboratory 


Method? 


Potentiometric 


With One 
Reheating? 


| 
| 


© 
aa 


Average 
Average Devia- 
tion 


0.33 | 0.33 
0.35 | 0.32 
0.32 
0.41 
0.34 
27 |... |... | 0.37 
Average....... 0. 0.35 
Average Devia 


Average .07 | 0.05 
Average Devia- 
0.013) 0. 0.013) 0.015 


uPLE D 9 1 


0.44 0.45 4 

0.46 4! 3 

0.40 0.40 3 

Average.........| 0. 0.42 " 0.45 | 0.42 | 0.38 

Average Devia- 
coe | 0.02 0.028) 0.017) 0.06 


SamMPLE D9- 40-2 
me 0.88 | 0.91 
0.92] . 0.93 
0.91 | 0.94 
Average 0.95 
Average Devia- 


No. 
No. 
No. 
No. 
Average......... 
Average Devia- 


* See Appendix III to this report. 
» See Appendix II to this report. 


not recommended as a tentative stand. 
ard. The “Rapid Method” is a modif- 
cation of the method recommended as 
a tentative standard which shortens 
the time factor. There are indications 
that the results of this method may be 
more significant when studying used 
crankcase oils, and it is the hope of the 
subcommittee that by making this 
method generally available service data 
may be accumulated. 

The subcommittee has also made a 
comparison of the results obtained by 
the present Tentative Method of Test 
for Saponification Number (D 94 - 39T) 
and a method using methylethylketone. 
Since the results of the latter method 
check results obtained by the present 
tentative method as shown in Table IV, 


TABLE IV.—SAPONIFICATION NUMBER BY 
PRESENT AND PROPOSED METHODS. 


Sample D | SampleD - 
400 4006 


Laboratory 


Revision 
Method 
D 94-39 T 
| Proposed 
| Revision 
o4-39T 


Method 


Average 
Deviation from 
Average ‘ 0.27| 0.66) 0.83 


* Refluxing for 30 min. 


and since only 10 min. are required to 
obtain the results, the subcommittee 
recommends the methylethylketone tes 
as a replacement of the present tentativ! 
standard. | 

Subcommittee XXIII on Carbon Res 
due (L. C. Beard, Jr., chairman) hus 
correlated the results obtained by tw 
methods for determining carbon residué 
(Conradson Carbon Residue (D 189 . 
29), and Ramsbottom Carbon Residue 
(D 524 — 40 T)) on the basis of available 
data collected over the past two yes 


1. 
2| 
‘ex | 3 
Zz 
SAMPLE 4001 
: No. 1...........| 0.56 | 1.09 | 1.42 | 
No. 3...........| 0.63 | 0.59 | 0.99 | 1.18 
... | 0.72 | 0.88 
oe 0.91 | 1.00 | 1.09 | 1.01 | 1.1 
| 
0.21 lo 20 | 0.09 | 0.02 | 0.2 
35 
03 Sample D 
4004 
. No. 1...........] 0.05 | 0.05 | 0.08 | 0.08 | 0.08 | 0.08 et int! Si 
No.2...........|0.07| ... | 0.06 | 0.07 | 0.07 | .. Ba 
. No. 3...........| 0.07 | 0.03 | 0.04 | 0.05 | 0.05 | 0.08 82) es / 8 
10 No. 2...........| 26.0 | 26.1 | 13.0 | 13.8 0.43 | 
No. 3¢...........| 26.7 | 26.7 | 12.7 | 11.3 | 0.51 | 
No. 5 25.4 | 26.8 | 14.4 | 12.6 | 0.45 | 
Fe No. 6 26.4 | 26.9 | 13.3 | 12.1 | 0.70) 1 
No. 7 25.9 | 26.2 | 14.4 | 14.1 | 0.43 | 
0.90 | 0.85 | 1. 
; 0.98 | 0.96 | 0.88 
0.86 | 0.97 
0.97 | 0.96 | 0. 
0.09 | 0.07 | 0. 
1.66 | 1.70 | 1.66 | 1.56 | 1.90 
1] ... | 1.58 | 1.73 | 1.61 | 1.57 
1.53 | 1.53 | 1.53 | 1.50 | 1.46 7 
| 1,29] 1.29] ... | 1.64 
1 | 1.60 | 1.52 | 1.55 | 1.56 | 1.64 
Nn OA n 49 0.14 0.04 0 72 
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amounting to 231 determinations from 
many different sources on a wide variety 
of oils. The data are plotted in Figs. 
1 and 2, Fig. 1 covering Ramsbottom 
carbon residues from 0.1 to 1.0 per cent 
and Fig. 2 those from 1.0 to 12 per cent. 

Curves have been drawn through 
the points on the figures, and equations 
developed as follows: 


3.8C = R?+ 4.25 R — 0.35.....(1) 


65 C — R?+90 R+ 10... (2) 
where: 

C = Conradson carbon residue, and 
R = Ramsbottom carbon residue. 
TABLE V.—AVERAGE RELATION BETWEEN 
RAMSBOTTOM AND CONRADSON CARBON 
RESIDUES, PER CENT. 


Rams- Conrad- 
bottom son 


Rams- Conrad- 
bottom 


Rams- Conrad- | 
bottom son | 


20 
30 
40 
50 
60 
70 
80.. 
90 
00 
50 
00 
50 


Equation 1 applies to the range from 
0.1 to 1.5 per cent Ramsbottom carbon 
residue or from 0.02 to 2.2 per cent 
Conradson carbon residue, and Eq. 2 
applies to the range from 1.4 to 12 
per cent Ramsbottom carbon residue or 
from 2.05 to 15 per cent Conradson 
carbon residue. Equation 1 should not 
be used for Ramsbottom values below 
0.1 per cent as the Conradson values 
become negative for Ramsbottom values 
below 0.08 per cent. 

Table V shows the numerical rela- 
tionships between Conradson and Rams- 
bottom values as taken from the curves 
in Figs. 1and2. It is believed that this 
correlation is dependable within the 
combined permissible deviations from 
the’ average as specified in the two 
methods. 
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Technical Committee A on Gasoline 
(C. B. Veal, chairman) is recommend} 
the publication as tentative of a Method 
of Test for Knock Characteristics of 
Aviation Fuels;* the revision of the 
Tentative Method of Test for Gum 
Stability of Gasoline (D 525 - 40 T)s 
the revision of the Tentative Method 
of Test for Tetraethyl Lead in Gasoline 
(D 526 —- 39T); the reversion to tentative 
of the Standard Method of Test for 
Knock Characteristics of Motor Fuels 
(D 357-40); and the publication as 
information of a Proposed Method of 
Test for Potential Gum in Aviation 
Gasoline which appears in Appendix IV. 

The revision of Tentative Method 
D 525 — 40 T consists principally in 
the reduction of the required sample 
volume from 100 ml. to 50 ml. and in 
the addition of a method for correcting 
to specified temperature the induction 
periods obtained at slightly different or 
more convenient operating temperatures. 
The variation of induction period with 
temperature may be expressed by the 
following equation: 


B 
log LP. = A 
og + 7 


where A and B are values characteristic 
of different gasolines, and T is the abso- 
lute temperature. 

From the examination of a large 
number of gasolines, values of B have 
been found to vary between 9000 and 
11,700, averaging about 9900. The 
average value for six gasolines 4 
reported in 1939 was 10,300. However, 
for the temperature range permitted 
in the proposed method (208 to 216 F,) 


3 This method was accepted as tentative by the Soc a 
and appears in the 1941 Supplement to Book of A514 
Standards, Part III, p. 292. er 

4 This revised method was accented as tentative by 
Society and appears in the 1941 Supplement to Book 
A.S.T.M. Standards, Part III, p. 269. 

6 J. W.Ramsay, “Gum Stability of Gasoline, I 4931) 
and Engineering Chemistry, Vol. 24, pp- 539 
E. W. Aldrich and N. P. Robie, “The Gum Sta 00 PF 
Gasoline,”’ Journal, Soc. Automotive Engrs., Vol. iis 
198-207 (1932); Report of Section on Gum, Proceeéim 
Am. Soc. Testing Mats., Vol. 39, p. 400 (1939). 
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te correction of observed induction 
geriods to induction periods at 212 F. 
my be made approximately by use of a 
gctor, 1 + 0.056 At, where AZ is the 
fiference in degrees Fahrenheit between 
he test temperature and 212 F. as 
utlined in the method. The maximum 
mor introduced by the use of this 
inplified temperature correction factor 
m induction periods of 4 hr. may 
mount to about 4 per cent for gasolines 
uving extreme B values and for tests 
ducted at the maximum permissible 
| ference from the standard tempera- 
we, Ordinarily it will be much less. 

The proposed Method of Test for 
Potential Gum in Aviation Gasoline is 
sentially a combination of the proposed 
wision of the Tentative Method of 
Ist for Gum Stability of Gasoline 
D525 - 40 T) and the Standard 
Method of Test for Gum Content of 
wsoline (D 381 — 36) with provision 
it correction in case the gasoline con- 
uins tetraethyl lead. 

Technical Committee F on Diesel Fuel 
liis (C. G. A. Rosen, chairman) recom- 
wnds that the Proposed Method of 
lst for Ignition Quality of Diesel Fuels, 
iblished as information last year, be 
wlished as a tentative standard,® 
ad also that the Diesel-Fuel-Oil Classi- 
“ation published as information in the 


MM) report be revised as shown in 
Appendix 


I. New TENTATIVE STANDARDS 


l ie committee recommends that the 
‘owing four methods and one specifi- 


ation be accepted for publication as 
tentative: 


Test for Aniline Point of Petroleum Products, 
“seitially as published as information in the 
™ teport of the committee. 


: method was accepted as tentative by the Society 

pears in the 1941 Supplement to Book of A.S.T.M. 
» Part III, p. 273. 

Sse methods and specifications were accepted as 

Society anc in the 1941 Supplement 
'A.S.T.M. Standards, Part III, pp. 257, 263, 273, 
spectively. 


Test for Carbonizable Substances in Paraflin 
Wax, similar to the present Tentative Method 
of Test for Carbonizable Substances in White 
Mineral Oil (D 565 - 40 T). 

Test for Ignition Quality of Diesel Fuels, es- _ 
sentially as published as information in the 1940 
report of the committee. 

Test for Knock Characteristics of Aviation 
Fuels, developed by the Cooperative Fuel Re- 
search Committee, and 


Specifications for Aviation Gasolines, revised _ 
form of the specifications published as informa- 
tion in the 1939 report of the committee. 
II. REVISIONS OF TENTATIVE _ 
STANDARDS 
The committee recommends revisions — 
of seven tentative standards as follows: 


Tentative Method of Test for Carbon 
Residue of Petroleum Products pence 
bottom Carbon Residue) (D 
40 


The addition of an appendix contain- 
ing two equations and a table showing 
the relationship between values obtained 
by this method and those obtained by 
the Conradson carbon residue test 
(D 189 — 39) is recommended by Sub- 
committee XXIII on Carbon Residue 
(L. C. Beard, Jr., chairman) with a 
reference to the appendix in the present 
note under Section 1. The equations 
and table are included in the report of 
Subcommittee XXIII. 


Tentative Method of Test for Carbonizable 
Substances in White Mineral Oil 
(Liquid Petrolatum) (D 565 - 40 T): 


The following clarification of the 
scope is recommended by Subcommittee 
I on Pharmaceutical Tests (V. F. Beyer, 
chairman): 

Section 1.—Change to read as follows 
by the addition of the italicized words 
and the omission of those in brackets: 


1. This method of test is applicable to white 
mineral oil (liquid petrolatum) to ascertain 
whether it conforms to the standard of quality 
[prescribed by the U. S. Pharmacopoeia] required 
for pharmaceutical use. 


81940 Supplement to Book of A.S.T.M. Standards, 
Part III, pp. 198, 201. 
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Tentative Method of Test for Gum Sta- 
bility of Gasoline (D 525 - 40 T):® 


A revision of this method, as men- 
tioned earlier in this report, is recom- 
mended by Technical Committee A on 
Gasoline (C. B. Veal, chairman). The 
revised method is appended hereto.’ 


Tentative Method of Test for Neutraliza- 
tion Number of Petroleum Products 
and Lubricants (D 188 — 27 T):° 


A revision of this method, as men- 
tioned earlier in the report, is recom- 
mended by Subcommittee XIII (H. P. 
Ferguson, chairman). The revised 
method is appended hereto.? 


Tentative Method of Test for Saponifica- 
tion Number (D 94 - 39 T):™ 


A revision of this method, as men- 
tioned earlier in the report, is recom- 
mended by Subcommittee XIII (H. P. 
Ferguson, chairman). The revised 
method is appended hereto.” 


Tentative Method of Test for Sulfur in 
Petroleum Oils by Lamp Method (D 90 - 
34 T):% 


A revision of this method is recom- 
mended by Subcommittee VII (H. M. 
Hancock, chairman) to increase its ac- 
curacy. The principal features of the 
revision are a provision for purifying the 
air used for combustion from acid or 
acid-forming impurities, and the use 
of a sintered glass plate in the place of 
glass rods or beads in the absorber to 
increase its efficiency. The revised 
method is appended hereto." 


Tentative Method of Test for Tetraethyl 
Lead in Gasoline (D 526 — 39 T):* 


to Book of A.S.T.M Standards, Part 
» Pp. “4 

10 1939 Book of A.S.T.M. Standards, Part III, p. 617. 

41 1939 Book of A.S.T.M. Standards, Part III, p. 620. 

12 This revised method was accepted as tentative by 
the Society and appears in the 1941 Supplement to Book 


of A.S.T.M. Standards, Part III, p. 305. 

18 1939 Book of A.S.T.M. Standards, Part III, p. 626. 
_ 4 This revised method was accepted as tentative by the 
Society and appears in the 1941 Supplement to Book of 
A.S.T.M. Standards, Part ILI, p. 308. 

% 1939 Book of A.S.T.M. Standards, Part III, p. 630. 
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The following minor revisions ar 
recommended by Technical Committee 
A on Gasoline (C. B. Veal, chairman): 

Sections 2 and 4.—Delete the capital 
letters A, B, C, and D from Sections 
2 (a) to (d), and from 4 (a). 

Section 2 (c).—Change “bead” t 
“line.” 

Section 2 (g).—Delete “calibrated for 
gasoline delivery” and footnote 2. 

Section 4 (b).—Add the following as 
Note 4 with reference at the end of the 
first sentence: 


Note 4.—To reduce the evaporation tir 
is permissible to employ an air jet under the 
following conditions: Substitute a 500-ml. Erle 
meyer flask for the 400-ml. beaker; evaporate on 
a hot plate whose surface temperature is main- 
tained between 230 and 260 C., while impinging 
upon the surface of the liquid a stream of hot 
(about 75 C.) clean air at a rate of about ! 
per min. The air stream should be led int 
flask by means of a glass tube with an or 
about 5-mm. in diameter, placed about 0 m 
above the surface of the liquid. The air strea 
should not be used in the nitric acid evaporation 


Section 5 (c).—Insert the words “satu- 
rated with lead sulfate” after “cold 
dilute sulfuric acid” in the next to the 
last sentence. 

Round off the following factors 


indicated: 
Change From To Read 


0.64108 0.441! 


2.792 
45.92 
48.94 


Section 3 

Section 3 and Section 
5(a) 

Section 5(b) 


Section 5(c) 48 .935 


III. REVISIONS OF STANDARDS 


The committee recommends for it 
mediate adoption revisions in the 
standard methods of test, as set fort 
below, and accordingly asks for a mist 
tenths affirmative vote at the anni 
meeting in order that these modificatioss 
may be referred to letter ballot of the 
Society: 


Standard Method of Test for Carbon 
Residue of Petroleum Products (Comer 
son Carbon Residue) (D 189 - 39): 


18 1939 Book of A.S.T.M. Standards, Part Ill, p 
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The following additions are recom- 
mended by Subcommittee XXIII on 
Carbon Residue (L. C. Beard, Jr., 
chairman): 

Section 1.—Add a note to read as 
follows: 

Nore.—Values obtained are in general not 
«umerically the same as the Ramsbottom carbon 
wsidues as determined in accordance with the 


Tentative Method of Test for Carbon Residue 


§ Petroleum Products (Ramsbottom Carbon 
Residue) (A.S.T.M. Designation: D 524). See 


Appendix. 


Appendix.Add an appendix con- 
wining two equations and _ the 
xeompanying Table V, showing the 
ationship between the values ob- 
uined by the two methods, as included 
in the report of Subcommittee XXIII. 


andard Method of Test for Distillation 
of Crude Petroleum (D 285 — 36).17 


The following revision is recom- 
nended by Subcommittee XXI on 
(ude Petroleum (A. J. Kraemer, chair- 
mn) to make the description of the 
mdenser less restrictive without affect- 
ug the results: 

Section 2 (c).—Change from its present 
m to read as follows: ) 


fondenser.—A condenser in. (14.29 
1 outside diameter made of No. 20 Stubbs 
eamless brass tubing, 22 in. (55.88 cm.) in 
It shall be set so that approximately 
(39.4 cm.) of the tube will be in contact 
€ cooling medium contained in the con- 
jacket, subsequently described, with 
in. outside the cooling bath at the upper 
d 4.5 in. outside the cooling bath at the 
nd. The length of tube projecting at the 
rend shall be straight and shall be set at an 
{75 deg. with the vertical. The section 
tube inside the cooling bath may be either 
‘aight or bent in any suitable continuous, 
‘curve. The average gradient shall be 
‘in. per linear inch of condenser tube 
f angle of 15 deg.) and no section of the 
ed portion of the condenser tube shall 
gradient less than 0.24 in. nor more than 


"1939 Book of A.S.T.M. Standards, Part III, p. 112. 
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0.28 in. per linear inch of tube. The projecting 
lower portion of the condenser tube shall be 
curved downward for a length of 3 in. (7.62 cm.) 
and slightly backward so as to insure contact 
wit.: the wall of the receiving graduate at a point 
approximately 1 to 1} in. (2.54 to 3.18 cm.) 
below the top of the graduate when it is in posi- 
tion to receive the distillate. The lower end of 
the condenser tube shall be cut off at an acute 
angle. The capacity of the cooling bath shall be 
not less than 340 cu. in. (5.55 liters) of cooling 
medium. The arrangement of the tube in the 
cooling bath shall be such that its center line 
shall be not less than 1} in. below the plane of 
the top of the bath at its point of entrance and 
not less than 2? in. above the floor of the bath 
at its exit. Clearances between the condenser 
tube and the walls of the bath shall be at least 
3 in. except for the sections adjacent to the points 
of entrance and exit. Multiple installations are 
permissible, provided they conform to the dimen- 
sional requirements and the capacity of the bath 
is not less than 340 cu. in. per tube. 


Standard Method of Test for Distillation 
of Gas Oil and Similar Distillate Fuel 
Oils (D 158 — 38) 


The following revision is recommended 
by Subcommittee VIII on Distillation 
(E. W. Dean, chairman) to make the 
description of the condenser less restric- 
tive without affecting the results: . 

Section 2 (b).—Make the same change 
in this paragraph as is recommended 
above in Section 2 (c) of Method D 285. 


IV. Apoption or TENTATIVE 
STANDARDS AS STANDARD 


The committee recommends that the 
following three tentative standards be 
approved for submission to letter ballot 
of the Society for adoption as standard: 

Tentative Method of Test for Distilla- 
tion of Plant Spray Oils (D 447 - 40 T),'® 
on the recommendation of Subcommittee 
XVII on Plant Spray Oils (J. B. Terry, 
chairman) revised to make the descrip- 
tion of the condenser less restrictive 
without affecting the results, as follows: 


18 1939 Book of A.S.T.M. Standards, Part III, p. 123. 
191940 Supplement to Book of A.S.T.M. Standards, 
Part III, p. 204. 
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Section 2 (b).—Make the same change 
in this paragraph as is recommended 
above in Section 2 (c) of Method D 285. 

Tentative Method for Calculating Vis- 
cosity Index (D 567 - 40 T),° as recom- 
mended by Subcommittee V on Viscosity 
(J. C. Geniesse, chairman), without 
revision. 


Tentative Method of Test for Vapor 
Pressure of Petroleum Products (Reid 
Method) (D 323 - 40 T),“ on the recom- 
mendation of Subcommittee XXII on 
Natural Gasoline (G. G. Oberfell, chair- 
man), revised as follows to improve the- 
wording and introduce a general provi- 
sion which makes it possible to carry out 
the test with the initial temperature in 
the air chamber at 100 F. and eliminate 
the necessity of correcting for air 
expansion: 

Fig. 1 (c).—Change the dimensions of 
the bushing in the top of the air chamber 
from “2” x 3”” to “2” x }”” in order to 
conform to the text of Section 2 (a). 

Section 14.—In order to insure better 
handling of samples, change this section 
to read as follows by the addition of the 
italicized words and figures and the 
omission of those in brackets: 


14. Immediately before proceeding with the 
Reid vapor-pressure determination the operator 
shall examine the sample container thoroughly, 
discarding any sample that had not been securely 
sealed or whose container shows any evidence of 
leakage. |Prior to the Reid vapor pressure de- 
terminations, the] The sample container shall 
then be immersed in the cooling bath (Section 4), 
held at a temperature of 32 to 40 F. (0 to 4.4C.), 
for sufficient time to allow the liquid to reach 
the bath temperature. The container shall then 
be unsealed [for 5 sec.,] and examined for its 
liquid content, discarding any sam ple with a liquid 
content less than 70 per cent of the container 
capacity. If the vapor space is less than 20 per 
cent, the operator shall pour off enough of the 
sample so that the portion remaining fills the con- 
tainer to not less than 70 nor more than 80 per cent 


201940 Supplement to Book of A,S.T.M. Standards, 
Part III, p. 224. 
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of its capacity. After the proper amount of taper 
space has been assured, the container shall then he 
resealed, shaken vigorously, and then returned ty 
the bath. 


Section 17.—Change Paragraphs (g 
to (e) to read as follows by addition of 
the italicized words and the omission of 
those in brackets: 


17. (a) The air chamber shall be rinsed (y 
Note 4, Section 16 (c)) with clean water (ter 
perature optional, but the determination of th 
correct “initial air temperature” (Paragraph 
will be facilitated if the temperature of the wale 
used for rinsing is within a few degrees of tu 
room temperature adjacent to the air chamber al 
the time the “initial air temperature’ i 
determined). 

(6) The pressure gage shall then be attached 
to the air chamber. 

(c) The air thermometer shall next be inserted 
in the air chamber for three-fourths of its lengt 
The thermometer bulb shall not be permitted t 
rest on the wall of the air chamber. The ther. 
mometer should be supported and held in position 
midway between the walls of the air chamber by 
means of a loosely fitting (not airtight) stopper 
inserted in the opening of the air chamber. Befor 
insertion, the temperature of the thermomda 
should be within a few degrees of the temperature 
of the atmosphere adjacent to air chamber at th 
time of determining the “initial air temperature’ 

(d) The temperature of the air and water 


‘vapor in the air chamber shall be read. 7 


temperature shall be recorded as the “initial ov 
temperature.” [Since it] It is absolutely 
sary that [this temperature] the “inilia or 
temperature” shall be the actual temperatur 
plus or minus 0.5 F. of the air [and] (salurole 
with water vapor) in the air chamber at t 
[time] instant of final assembly (Paragrapa \¢ 
It is imperative that the air thermometer | 
have been] remain in the air chamber (Paragra 
(c)) {at least 5 minutes] a sufficient period of tnt 
{before the temperature is read) in order | 
tain accurately the ‘initial air tempersiw 
(This temperature shall be recorded 4s ' 
“initial air temperature.”| If this temperd 
reading has been constant for 5 min. within)? 
and if this temperature does not differ mot - 
2F. from the temperature of the adjacent , 
mos phere, and if all previous precautions gr 
this section have been followed, then ordinary ™ 
correct “initial air temperature” ho 
determined. 
(e) The gasoline chamber, immediately 
exception in Section 22) after being filled 
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the sample (Section 15 [(6)] (d)), 21 (6) or (c)), 
shall be attached to the air chamber with the 
pressure gage attached (Paragraph (0)). 


Add the following note after Para- 
graph (f): 

Nore 6.—Any other procedure for the deter- 
mination, with an accuracy of 0.5F., of the 
temperature of the air (saturated with water 
vapor) in the air chamber at the instant of final 
closure of the air chamber prior to vapor pres- 
sure determination (Section 18) is permissible. 


V. ADOPTION AS STANDARD OF 
TENTATIVE REVISION OF 
STANDARD 


On the recommendation of Subcom- 
mittee XXI on Crude Petroleum (A. J. 
Kraemer, chairman) the tentative revi- 
sion issued last year of the Standard 
Method of Test for Distillation of Crude 
Petroleum (D 285 — 36)" is recom- 
mended for approval for reference to 
letter ballot of the Society for adoption 
as standard. 


VI. REVERSION OF STANDARD TO 
TENTATIVE 


The committee recommends the re- 
version to tentative status of the 
Standard Method of Test for Knock 
Characteristics of Motor Fuels (D 357 - 
))* in revised form as recommended 
by Technical Committee A on Gasoline 
(C. B. Veal, chairman). The revised 
method, appended hereto,” differs from 
the present standard in its form and in 
the addition of requirements for humid- 
ity control as in the Proposed Tentative 
Method of Test for Knock Characteris- 
lcs of Aviation Fuels. Further revision 
‘expected during the coming year. 


an Supplement to Book of A.S.T.M. Standards, 
WOO. 


1.1339 Book of A.S.T.M. Standards, Part III, p. 112. 

min Supplement to Book of A.S.T.M. Standards, 
This revised method was accepted as tentative by the 
rind appears in the 1941 Supplement to Book of 
‘.M. Standards, Part III, p. 281. 


TABLE VI.—ANALYSIS OF LETTER BALLOT 
VOTE. 


Nega- 


Items tive 


I. New TENTATIVE STANDARDS 

Test for Aniline Point of Pe- 
troleum Products...... 

Test for Carbonizable Sub- 
stances in Paraffin Wax 

Test for Ignition Quality of 
Diesel Fuels ae 

Test for Knock Characteristics 
of Aviation Fuels 

Specifications for 
Gasoline 


Aviation 


II. REvistions OF TENTATIVE 
STANDARDS 


Test for Carbon Residue of 
Petroleum Products (Rams- 
bottom Carbon Residue) 


ces in White Mineral Oil 
Con Petrolatum) (D 565 

Test for Gum Stability of 
Gasoline (D 525 - 40 T) ; 

Test for Neutralization Num- 
ber of Petroleum Products 
and Lubricants (D 188 - 
27 T) 

Test for Saponification Num- 
ber (D 94 — 39 T) 

Test for Sulfur in Petroleum 
Oils Lamp Method 

T) 

Test for Tetraethy] Lead in 

Gasoline (D 526 - 39 T)..... 


ILI. OF STANDARDS 

Test for Carbon Residue of 
Petroleum Products (Con- 
radson Carbon’ Residue) 
(D 189 — 39), immediate 

Test for Distillation of Crude 
Petroleum (D 285 — 36), im- 
mediate adoption 

Test for Distillation of Gas Oil 
and Similar Distillate Fuel 
Oils (D 158 - 38), immediate 

IV. ApopTion or TENTATIVE 
STANDARDS AS STANDARD 


Test for Distillation of Plant 
Spray Oils (D 447 - 40 T), 
as revised . 

Test for Vapor Pressure of Pe- 
troleum Products (Reid 
Method) (D 323-40T), as 
revised 

Method for Calculating Vis- 
cosity Index (D 567 - 40 T) 


V. ADOPTION AS STANDARD OF 
TENTATIVE REVISION OF 
STANDARD 
Test for Distillation of Crude 
Petroleum (D 285 - 36)..... 
VI. REVERSION Or STANDARD 
TO TENTATIVE 
Test for Knock Characteristics 
of Motor Fuels (D 357 - 40), 

as revised 


Ballots 


ON PETROLEUM PropucTs AND LUBRICANTS 
ned to 
“Not 
Voting”’ 
ion of 
ion of 1 7 
0 19 i 
2 16 
(tem- 2 16 
of the 3 18 
ph (d ‘ 
é wor 
mber al 
ure 1 
ttached 0 12 7 
inserted 1 8 
3 2 
1 3 
1 6 ; 
0 2 v 
0 11 
0 
0 15 
) 0 12 
0 7 
more ther 1 9 
1s given 
imarily 
has et | 44 1 12 
tely 
| | 


REPORT OF ComMMITTEE D-2 a 


VIL. TENTATIVE STANDARDS CONTINUED 
AS TENTATIVE 

The following tentative standards 
have remained in the tentative status 
for two years or longer without revision: 

Test for Color of Lubricating Oil and Pe- 
trolatum by Means of A.S.T.M. Union Color- 
imeter (D 155 — 39 T). 

Test for Consistency of Lubricating Greases 
and Petrolatum (D 217 — 38 T). 

Test for Kinematic Viscosity (D 445 — 39 T). 

Test for Sediment in Fuel Oil by Extraction 
(D 473 — 38 T). 

Test for Ash Content of Petroleum Oils 
(D 482 — 38 T). 

Specifications for Fuel Oils (D 396 — 39 T). 

It is recommended that these tentative 
standards be continued in the tentative 
status because further developments are 
in progress or in prospect. 


The recommendations appearing jn 
this report have been submitted to letter 
ballot of the committee which consists 
of 79 voting members, with the results 
shown in Table VI. 


This report has been submitted to 
letter ballot of the committee which 
consists of 79 voting members; 6) 
members returned their ballots, all of 
whom have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


T. A. Boyp, 
Chairman. 


R. P. ANDERSON, 
Secretary. 
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APPENDIX I 


PROPOSED METHOD FOR CONVERSION OF KINEMATIC VISCOSITY 
TO SAYBOLT FUROL VISCOSITY' 


This is a proposed method and is published as information only. 
Comments are solicited and should be addressed to the American 
™ Society for Testing Materials, 260 S. Broad St., Philadelphia, Pa. 


Scope lated by use of the multiplication 


constant given in Table I. 
1. The conversion table in this method 


rovides a means for converting kine- TABLE I.—VALUES FOR CONVERTING KINEMATIC 
VISCOSITY TO SAYBOLT FUROL VISCOSITY 
matic viscosity in centistokes at 122 F. AT ia F. 


to Saybolt Furol viscosity in seconds at Kine. 


Kine- Kine- 
matic Saybolt| matic Saybolt| matic 


nF. Vis- Furol Vis- Furol Vis- 
cosity, Vis- cosity, Vis- y 
centi- cosity, centi- cosity, 

Procedure stokes sec. stokes sec. 


). For the kinematic viscosities at 
12 F. listed in Table I the equivalent 
‘aybolt Furol viscosity in seconds at 
122 F. may be read directly. For kine- 

itic viscosities between 48 and 400 

tistokes which are not listed in Table 

the equivalent Saybolt Furol viscosity 
ies may be obtained by linear in- 
olation. For kinematic viscosities 
400 centistokes, the equivalent 
It Furol viscosity may be calcu- 
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is proposed method is under the jurisdiction of the 400 


f. Committee D-2 on Petroleum Products and 
ants. Published as information, June, 1941. 


Saar 


sec- 


4 
‘tter 
sists 
als 
to 
hich 
62 
of 
| 
D, —  & 
| 
Furol 
Vis- 
cosity, 
sec, 
54 2 230......108.7 
56 2 240 .....113.3 | 
58 250......118.0 
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APPENDIX 


PROPOSED METHOD OF TEST FOR NEUTRALIZATION NUMBER 
OF PETROLEUM PRODUCTS BY ELECTROMETRIC TITRATION 


This is a proposed method and is published as information only. 


1. Scope.—This method of test is designed 
to indicate in oxidized petroleum products 
the presence of constituents having acidic 
or basic characteristics. 


Note.—The method is applicable to materials 
that are soluble, or nearly soluble, in benzene- 
isopropylalcohol mixtures. Compoundsthatare 
only weakly acidic or basic, and whose dissocia- 
tion constants, K, or K», in water are equal to, 
or less than K = 10~°, are not detectable and do 
not interfere. Ammonium salts or nitrogen-base 
salts interfere if their hydrolysis constants are 
greater than K = 10°%. Various groups of 
acids with different degrees of ionization may be 
distinguished, provided the dissociation constant 
of the more strongly acidic group is 10* times 
that of the weaker acidic group. 


2. Neutralization Number: (a) Neutraliza- 
tion Number.--Neutralization number is the 
number of milligrams of potassium hy- 
droxide required to neutralize one gram of 
sample. 

Nore.—Neutralization number expresses the 
total amount of the constituents having acid 
characteristics, and includes the strong acids. 


(b) Strong-Acid Neutralization Number. 
Strong-acid neutralization number is the 
number of milligrams of potassium hydrox- 
ide required to neutralize the strong-acid 
content in one gram of sample. 

(c) Base Neutralization Number.—Base 
neutralization number is defined as the 
weight of acid required to neutralize one 
gram of sample, expressed in equivalent 
milligrams of potassium hydroxide. 

1 This posed method is under the jurisdiction of 


ro} 
the ASTM, Committee D-2 on Petroleum Products and 
Lubricants. Published as information, June, 1941. 


Comments are solicited and should be addressed to the American | 
Society for Testing Materials, 260 S. Broad St., Philadelphia, Pa. a 


Note.—Base neutralization number expresses 
the total amount of the constituents having 
basic characteristics, and includes the str 
bases. 


(d) Strong-Base Neutralization Number 
Strong-base neutralization number is de 
fined as the weight of acid required to 
neutralize the strong-base content in one 
gram of sample, expressed in equivalent 
milligrams of potassium hydroxide. 

3. Apparatus.—The apparatus shall 
sist of the following: 

(a) Meter. -A voltmeter or potentiometer 
that will operate with an accuracy of plu 
or minus 0.005 v. and a sensitivity of plus 
or minus 0.002 v. over the entire range of 
plus or minus 1.0 v., and will operate on 
an input of less than 5 & 10~ amp., when 
an electrode system having 1000 megohm: 
resistance is connected across the meter 
terminals. The meter shall be enclosed i 
a metal shield connected to the ground; 4 
satisfactory terminal shall be provided to 
connect the shielded connection wire from 
the glass electrode to the meter without 
external exposure at any point to electro 
static fields. A continuous reading ae 
tronic voltmeter is satisfactory and desit 
able. 

(b) Glass Electrode.—A_ pencil-type glas 
electrode (C, Fig. 1) 12.5 to 18.0 cm. @ 
to 7.1 in.) in length and 0.8 to 1.4 cm. (0. 
to 0.55 in.) in diameter. The body of ® 
electrode shall be made of a chemically 
resistant glass tube with a wall thickness o! 
0.1 to 0.3 cm. (0.039 to 0.117 in.). The end 
dipping into the solution shall be ¢ 
with a hemisphere of Corning 015 glas 
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wiled onto the electrode tube, and the 
ndius of this hemisphere shall be about 
\7 cm. (0.28 in.). The thickness of the 
uss in the hemisphere shall be great 
ough so that the resistance of the hemi- 
ghere is 200 to 1000 megohms. The elec- 
ode shall contain a reproducible, per- 
mnently sealed liquid cell for making 


R Jetrical connection with the inner surface 
the hemisphere. The entire electrical 
wonection from the sealed contact cell to the 
ner terminal shall be surrounded by an 
detrical shield that will prevent electro- 
datic interference when the shield is 
resses couunded. The shield shall be insulated 
aving J ‘om the electrical connection by insulating 
ber — 
s de- Shielded Lead for 
ed to J Glass Electrode 
one 
valent Bakelite Support 
cor 
meter 
f plus “we Electrode, 8 
plus 
nge of wih Ground 
when (in back of Buret Tip) 
= Cell for Potentiometric Titration. 
in 
— ‘terial of the highest quality, such as 
ded to er and glass, so that the resistance be- 
» from n the shield and the electrical con- 
rithout lion Is greater than 50,000 megohms. 
Jectro- Reference Electrode—A pencil-type 
cle: mel electrode (B, Fig. 1) 12.5 to 18.0 
desi "(4.9 to 7.1 in.) in length and 0.8 to 1.4 
(0.31 to 0.55 in.) in diameter. This 
¢ gas '. de shall be made of glass and it shall 
(49 Povided with an external, removable 
», (031 _ sleeve on the sealed end that is dipped 
of the the titration solution. The glass sleeve 
micaly be 08 to 2.5 cm. (0.31 to 0.99 in.) in 
shall be slightly tapered, and shall 
Phe end me to fit the electrode so that the 
. closed a end of the electrode protrudes 0.2 
15 gus ‘cm. (0.08 to 0.79 in.) beyond the 


he ground surfaces shall be con- 
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tinuous and free of smooth spots. At a 
point midway between the extremities of 
the ground surface, the electrode tube shall 
be pierced by a hole or holes 0.1 cm. (0.039 
in.) in diameter. The electrode shall con- 
tain the necessary mercury, calomel, and 
electrical connection to the mercury, all 
arranged in a permanent manner. The 
electrode shall be filled almost to capacity 
with saturated potassium chloride electro- 
lyte (Section 4 (f)) and shall be equipped 
with a stoppered port through which the 
electrolyte may be replenished. When 
suspended in the air and with the sleeve 
in place, the electrode shall not leak elec- 
trolyte at a rate greater than 1 drop in 
10 min. 

(d) Stirrer.—A variable-speed mechanical 
stirrer, of any suitable type, equipped with 
a glass, propeller-type stirring paddle (D, 
Fig. 1). A propeller with blades 1 cm. 
(0.39 in.) in radius and set at a pitch of 30 
to 45 deg. is satisfactory. The stirring 
apparatus must be electrically correct and 
grounded so that connecting or disconnect- 
ing the power to the motor will not produce 
an appreciable permanent change in meter 
reading during the course of the titration. 

(e) Burette-——-A burette (E, Fig. 1) of 
10-ml. capacity, graduated in 0.05-ml. 
divisions, and calibrated with an accuracy 
of plus or minus 0.02 ml. The burette shall 
have a glass stopcock and shall have a tip 
that extends 10 to 13 cm. (4 to 5 in.) beyond 
the stopcock. 

(f) Beaker-A tall-form, lipless glass 
beaker (A, Fig. 1) of 250-ml. capacity, made 
of chemically resistant glass. The beaker 
shall be 12 to 13 cm. (4.7 to 5.1 in.) in length, 
and shall be 5.5 to 6.5 cm. (2.15 to 2.55 in.) 
in diameter at the open end. 

(g) Titration Stand._-A suitable titration 
stand to support the electrodes, stirrer, and 
burette in the position shown in Fig. 1. An 
arrangement that allows the removal of the 
beaker without disturbing the electrodes, 
burette, and stirring paddle is satisfactory. 

4. Reagents: (a) Standard Potassium Hy- 
droxide (0.1 N in anhydrous isopropyl alco- 
hol).—Add 6 g. of KOH (A.C.S. analytical 
reagent grade) to approximately 1 liter of c.p. 
anhydrous c.p. isopropyl alcohol. Boil the 
mixture gently for 10 min. Add approxi- 
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mately 2 g? of c.p. barium hydroxide and (a) Preparation for Use and Maintenang— 


the tl 
again boil gently for 5 min. Cool to room The electrode system requires regular atten. nd 
temperature, and filterthe supernatant liquid tion to obtain constant and reproducible 
through a fine glass filtering funnel. Store values. Before and after using, wipe the 
the solution in a chemically-resistant bottle, glass electrode thoroughly with a piece of Then, 
and dispense it in a manner such that it is clean cloth, and rinse with distilled water, GG, in 
protected from atmospheric carbon dioxide Also, wipe the calomel electrode with a piece tempe 
by means of a guard tube containing soda __ of clean cloth, carefully remove the ground- & of the 
lime or ascarite and does not come incontact glass sleeve, and thoroughly clean each & difere 
with cork or rubber. Standardize the solu- ground surface by wiping with the doth.  £ att 
tion, frequently enough to detect changes of Flush the ground-glass contact joint (sult 
0.0005 N, against standard acid or pure _ bridge) by allowing a few drops of th 
potassium acid phthalate. It is preferable potassium chloride electrolyte to drain 
to standardize by potentiometric titration through. Wet the ground surfaces thor. The J 
against 0.1600 g. of pure potassium acid oughly with potassium chloride electrolyte calor 
phthalate diluted with 125 ml. of COe-free and replace the glass sleeve. With the § 2% 
water. sleeve firmly in place to eliminate possibl mathe 
(b) Standard Hydrochloric Acid (0.1 N in leakage, rinse the calomel electrode yale 
isopropyl alcohol).—Add 9 ml. of c.p. HCl with distilled water.2 The calomel electrod tectro 
(sp. gr. 1.19) to 1000 ml. of anhydrous iso- shall contain, at all times, sufficient satu a the 
propyl alcohol. Standardize the solution, rated potassium chloride electrolyte so that to whi 
frequently enough to detect changes of _ the level of the salt solution inside the cal cel 
0.0005 N, against the standard KOH. It mel electrode is above the level of the liqu readin, 
is preferable to standardize by potentio- in the titration beaker. Although In t 
metric titration against 8.00 ml. of thestand- electrodes are not extremely fragile, t wepe 
ard KOH (Paragraph (a)) diluted with 125 should be handled carefully at all tin mathe 
ml. of COe-free water. When not in used, keep the lower half bg 
(c) Titration Solvent.—Add 500 ml. of c.p. each electrode immersed in distilled water - 
benzene and 5 ml. of water to 495 ml. of c.p. Also, frequently clean the glass electrod ams, | 
anhydrous isopropyl alcohol. The titration immersion in cold chromic acid solu! ange 
solvent should be made up in large quanti- such as is used for cleaning glass vess¢ ¢ ; 
ties, and its inherent acidity determined by Once each week drain all the electrolyte ito" : wh 
a blank titration each day prior to its use. the calomel cell and replace with ft sd 
(d) Standard Buffer Solution (for stand- potassium chloride electrolyte. “ co 
ardizing the glass electrode).— Dissolve 5.105 (b) Calibration.—TYo calibrate the ude 
g. of analytical grade potassium acid trodes after preparation, place sullic! 
phthalate in CO2-free distilled water, and standard buffer solution in the beaker‘ G 
dilute to exactly 500 ml. This solution cover the lower half of the electrodes 4 
must be made up fresh when needed. The _ stir for several minutes while maintainith where 
pH of this buffer solution is taken as 4.00 at _ the temperature of the buffer solution 
25 C. and is accepted as being constant at plus or minus 2.0C. of the temperatur (c) | 
all temperatures between 15 and 35. for which the titrations are to be made. » and M 
the purposes of this method; the correct sure the potential, E volts, between ' Utratic 
glass electrode potential, cG, of this solution electrodes. The cell constant, Fes; Valeo 
shall be taken as 0.236 at 25 C. bla 
(e) Isopropyl Alcohol.—C.P. anhydrous ,, von! nge 
isopropyl] alcohol. the titration cell, since Contamination t 
(f) Potassium Chloride Electrolyte-—Pre- While this of secondary importance when tipped 
pare a saturated solution of KCl in water. Points are chosen by inflection polit fixed 
5. Characteristics of Electrode System: tentials. «only in the sense thet 
all ay ould not vary throu 
Barium hydroxide is insoluble in anhydrous iso- titration due to a variation in the hydrogen ied att Samp 
propyl alcohol, and any excess above that required toreact _‘ For this reason, it must be determined as descr at int follow 
with the carbonate is removed along with the barium temperature that is to be used, and redetermine s 


carbonate in the subsequent filtration. 


vals thereafter. 


* 
j 


mce~ / the titration cell is calculated from the 
atten- expression 
lucible Eeg = E — 0.236 
De the 
ece of MH Then, the correct glass electrode potential, 
water G, in any subsequent titration made at a 
a pi temperature within plus or minus 2.0C. 
TOU of the calibration temperature, will be the 
L difference between the observed potential, 
E,at that point and the cell constant, or 
of th cG = E _ Ece 
- The Eco value of most glass-electrode- 
dom clomel-electrode systems will have a value 
th s approximately equal to —0.450 v. In the 
mathematical relations given, E bears the 
" sign indicated by a voltmeter with the glass 
am dectrode connected to the negative pole 
oi of the meter (the negative pole is the pole 
so that which the zinc terminal of a common dry 
erg cell must be connected to give an up-scale 
reading on the meter). 
gh the In the event that the meter is connected 
e they fg 0Perate as a pH meter, and the pH scale 
| ‘tin on the meter is being read, vary the so-called 
hall asymmetry potential” adjustment until 
1 water the meter registers a scale reading, in pH 
we units, equal to 4.00 while the electrodes are 
solutio mmersed in the buffer solution. In this 
pou ase; the correct glass-electrode potential, 
yte from 1, 10 any subsequent titration made within 
h {res lus or minus 2 C. of the calibration tem- 
perature, 7’, will be directly proportional to 
ve te meter reading in pH units and can be 
sufficie alculated as follows: 
rep = 0.000198 T pH meter reading 
os al 
intaining eT = calibration temperature in de- 
yn with grees Kelvin. 
rature at Performance Test of Electrode System 
e, Ma i Meler.—When dipped into 100 ml. of 
veen the Mf titration solvent containing 2 to 3 ml. of 0.1 
Rca, | ‘alcoholic KOH in excess, the emf. between 
saa ¢ glass and reference electrodes shall have 
eth changed more than 0.30 v. (5 pH units) 
| _ the emf. between the same electrodes 
“Pped in an aqueous buffer solution 
arr pH = 7). 
Neutralization Number Strong- 
probs! Acid Neutralization Number: (a) Size of 
eo cmple.—The size of sample shall be as 
follows; 
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Neutralization Number Weight of Sample, g. 
0.0 to0.75 20.0 + 0.05 
5.0 + 0.02 
1.0 + 0.005 
0.2 + 0.001 
0.1 + 0.0005 


(b) Procedure-—Weigh or pipette the 
sample into a 250-ml., tall-form, lipless 
beaker, and add 125 ml. of titration solvent. 
Prepare the calomel and glass electrodes as 
directed in Section 5, and connect the frame 
of the motor and the meter to a suitable 
ground to prevent electrostatic interference. 
Adjust the beaker so that the lower half of 
each electrode is immersed in the solvent, 
start the mechanical stirrer, and adjust its 
speed so that there is vigorous stirring with- 
out spattering. Fill the 10-ml. burette with 
0.1 N alcoholic KOH, and place the burette 
in position in the titration assembly so that 
the tip is immersed approximately 1 in. in 
the titration solvent. Record the initial 
reading of the emf. between the electrodes. 
Add suitable small portions of the 0.1 NV 
alcoholic KOH and, after waiting until an 
unchanging potential’ has been established, 
record the emf. and burette reading. When 
0.1 ml. of KOH produces a total change in 
potential of more than 0.03 v.,° add the 0.05- 
ml. portions. In the region where the 
addition of 0.1 ml. of KOH changes the 
potential less than 0.03 v., add a larger 
portion of KOH sufficient to produce a total 
change of potential approximately equal to, 
and not greater than, 0.03 v. ‘Titrate in 
this manner until the potential changes less 
than 0.005 v. (corresponding to 0.1 pH 
units) per 0.1 ml. when the emf. between the 
electrodes indicates a cG potential greater 
than 0.65 v. (corresponding to pH scale 
reading of 11.0). Remove the titrated 
solution, wash the electrodes well with iso- 
propyl alcohol, and immerse the electrodes 
in distilled water. 

Prepare the calomel and glass electrodes 
as before and repeat the titration, using 125 
mil. of titration solvent but no sample. In 


5 If the potential changes less than 0.005 v. (correspond- 
ing to0.1 pH unit) per min., it shall be considered constant. 
This may require from 1 to 3 min. when adding large 
increments, or when titrating a sample containing less 
than 0.1 milliequivalent of acidity. hen adding 0.05- 
ml. increments, or when titrating samples containing more 
than 0.1 milliequivalent of acidity, the normal time of 
equilibration is generally 1 min. or less. 

6A change of 0.03 v. corresponds to approximately 
0.5 pH units. 


| 
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this blank titration, add 0.05-ml. portions shall be made as directed in Paragraph (b), where: 
of 0.1 NV alcoholic KOH, and wait after each except that the number of milliliters of KOH 


portion until the cell potential does not used to obtain cG equal to 0.24 and 0.65 y8 ll 
change noticeably® before recording the shall be taken as equivalent to the KOH 
burette reading and the emf. between the _ necessary to neutralize the strong acids and 
electrodes. the total acids, respectively. The rates of 
Plot a graph with milliliters of KOH as addition of the KOH shall be the same a 
abscissae and millivolts (or pH scale read- specified in Paragraph (0). r 
= 
0.100 | 
W = 
= 
| joH=/10 
0.600 c6=0.650/ £6 “0650 
£ 
B, = 
Legend 
— Blank on 125 rl. titration 
B— 1000. of used crankcase 
+125 ml titration solvent same a: 
= C — 1000 9.0f oil confaininga 0) 
titration solvent 01 N 
D— 1000 g. of oil containin standar 
ie} weak and strong acids+ tion of 
titration solvent ead poi 
the tit 
) and (c) 
8 06-0240} 
neutral 
neutral: 
base ne 


Milliliters of O.10I2N Alcoholic KOH. 
Fic. 2.—Illustrative Titration Curves. 


ings) as ordinates. Typical curves are (d) Calculation.—Calculate the neutt 

shown in Fig. 2. Mark inflection points zation number and strong-acid neutr 

that occur in the neighborhood of cG tion number as follows: 

potentials of 0.65 and 0.236 v. (correspond- 

ing to pH scale readings of 11.0 and 4.0, Neutralization number = 

respectively). Determine the number of 

milliliters of KOH used to each inflection  gtrong-acid neutralization number 

point. 
(c) Modified Procedure.—In those cases 56(Bs — 

in which the titration curve of the sample : W 

has no definite inflection point,’ the titration _ 


56(A, — As) 
W 


8 Corresponding to pH scale readin 
7 Curve B in Fig. 2 is an example. respectively. 


gs of 4.0 and + 


. 
| 
1 
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milliliters of KOH required to 
neutralize the acids up to the end 
point at which cG is approxi- 
mately equal to 0.65 v. (cor- 
responding to pH meter reading 
of 11.0) and 
corresponding value for the blank 
titration, 
normality of the KOH, 
weight of sample in grams, 
milliliters of KOH needed to 
neutralize the acids up to the 
first end point at which cG is 
approximately equal to 0.24 v. 
(corresponding to pH meter read- 
ing of 4.0) and 
B, = corresponding value for the blank 
titration. 
1. Base Newralization Number and Strong 
Base Neutralization Number: (a) Size of 
‘omple—The size of sample shall be the 
same as specified in Section 6 (a). 
()) Procedure.—Titrate as directed in 
‘ection 6 (b) and (c), except that standard 
‘1 NV HCl shall be used instead of the 
landard 0.1 N KOH. ‘The rates of addi- 
tion of HCl and the manner of location of 
ad points shall be the same as specified for 
ihe titration with KOH in Section 6 (6) 
nd (¢). 
Calculation._-Calculate the base 
itralization number and _ strong-base 
itralization number as follows: 


56(C, — Co) X N 


base neutralization number = 


W 


Strong-base neutralization number 


W 


C, = milliliters of HCl required to 
neutralize the bases down to the 
end point at which cG is ap- 
proximately equal to 0.24 v. 
(corresponding to pH meter read- 
ing of 4.0) and 

corresponding value for the blank 
titration, 
= normality of the HCl, 
weight of sample in grams, 
= milliliters of HCl required to 
neutralize the bases down to the 
end point at which cG is ap- 
proximately equal to 0.65 v. 
(corresponding to pH meter read- 
ing of 11.0) and 

D, = corresponding value of the blank 
titration. 

8. Reproducibility of Results—(a) With 
proper care, and strict attention to details, 
duplicate determinations by the same 
operator should not differ by more than the 
following amounts: 


_. Type of 
Titration Curve 


Good inflection point 
No inflection point 


Permissible Difference, 
ml. of 0.1 N acid or base 


(b) Results obtained by different opera- 
tors may differ by double the amounts 
given in Paragraph (a). 


~ | | 
() 
56(D. — Do) X N 
and wher = 
of | 
le as | 
44 
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APPENDIX III 


PROPOSED METHOD OF TEST FOR NEUTRALIZATION NUMBER OF 
NEW AND USED CRANKCASE OILS! 


This is a proposed method and is published as information only. 
Comments are solicited and should be addressed to the American 


Society for Testing Materials, 260 S. Broad St., Phildelphia, Pa. 


Scope 


1. This method of test is designed to 
indicate in new and used crankcase oils 
the presence of organic constituents and 
metallic compounds having acid or basic 
characteristics. 

Nore.—Strong acids, if present, shall be 
determined in accordance with Section 6 (a) of 
the Tentative Methods of Test for Neutraliza- 
tion Number of Petroleum Products and Lubri- 
cants (A.S.T.M. Designation: D 188) of the 
American Society for Testing Materials.? 


Neutralization Number 


2. (a) Neutralization Number.—Neu- 
tralization number is the number of 
milligrams of potassium hydroxide re- 
quired to neutralize one gram of sample. 


Nore.—Neutralization number expresses the 
total amount of strong acid, organic compounds 
of an acidic nature, and acidic metallic addition 
agents that will react with potassium hydroxide 
under the conditions of this test procedure. 


(b) Alkali Neutralization Number.— 
Alkali neutralization number is defined 
as the weight of acid required to neu- 
tralize one gram of sample, expressed in 
equivalent milligrams of potassium hy- 
droxide. 


Nore.—Alkali neutralization number ex- 
presses the total amount of compounds of an 


1 This proposed method is under the jurisdiction of the 
A.S.T.M. Committee D-2 on Petroleum Products and 
Lubricants. Published as information, June, 1941. 

x 1941 Supplement to Book of A.S.T.M. Standards, Part 
302. 
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alkaline nature that will react with sulfuric acid 
within the time limits specified in this procedure. 


Apparatus 


3. The apparatus shall consist of the 
following: 

(a) Erlenmeyer Flask.—An Erlen- 
meyer flask of 250-ml. capacity, made of 
heat-resistant glass. 

(b) Burette—A burette of any con- 
venient capacity (5 ml. or greater), 
graduated in not greater than 0.1-nl. 
subdivisions. 

(c) Balance.—A platform balance ac- 
curate to at least 0.1 g. 

(d) Hot Plate—A hot plate capable of 
heating samples from room temperature 
to boiling within 5 min. 


Reagents 


4. (a) Aqueous Potassium Hydroxide 
(1 ml. = 5 mg. of KO H).—Dissolve 5.1 
g. of c.p. potassium hydroxide in 1 liter 
of freshly boiled and cooled distilled 
water. Add a very small amount of 
barium hydroxide, sufficient to precip 
tate any potassium carbonate present 
Standardize this alkali solution agains! 
a solution of benzoic acid (prepared from 
National Bureau of Standards’ standar 
sample 39e) in the alcohol described 
Paragraph (c), using phenolphthalein 4 
the indicator. Titrate without heating 
Correct the titration by running a blank 
on the same amount of alcohol, conta 
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ing no benzoic acid. Adjust the potas- 
sium hydroxide solution so that 1 ml. 
contains 5 mg. of KOH (equivalent to 
10.88 mg. of benzoic acid). 


Nore.—Fit the solution bottle with a guard 
tube of soda lime to prevent access of carbon 
dioxide. The solution should be restandardized 
at necessary intervals. 


(b) Diluted Sulfuric Acid (1 ml. = 5 
mg. of KOH).—Adjust a c.p. sulfuric 
acid solution so that 1 ml. of the acid 
will be required to neutralize 1 ml. of the 
standard alkali, using phenolphthalein 
as indicator, and titrating in a boiling 
solution. 

(c) Alcohol Solution.—Dilute one vol- 
ume of 95 per cent ethanol, to which has 
been added 10 per cent by volume of 
methanol (Note), to two volumes with 
distilled water. 


Note.—This composition is available under 
the name of: “U. S. Treasury Dept. Specially 
Denatured Formula 30 (Regulation No. 3— 
1938).” Formula 3A plus 5 per cent methanol 
isan equivalent. 


(d) Phenolphthalein Indicator.—Dis- 
solve 10 g. of the indicator in 1 liter of 
either 95 per cent pure ethanol, or 95 
per cent ethanol to which 10 per cent by 
volume of methanol has been added. 


Neutralization Number 


5. (a) Procedure.—Weigh 10 + 0.1 g. 
of a representative sample into a 250-ml. 
Erlenmeyer flask (Note 1). Add 100 
ml. of the alcohol solution, agitate by 
swirling, and heat to boiling within 
dmin. Agitate by swirling during the 
heating process as frequently as may be 
required to prevent bumping. When 
boiling begins, remove from hot plate, 
add 1 ml. of the phenolphthalein 
indicator, agitate by vigorous swirling 
for not more than 5 sec., and titrate 
mmediately. Add the KOH solution 
i increments of 0.1 to 1.0 ml., depend- 
ing on the rate at which the color fades 
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in the alcohol layer with gentle swirling. 
After sufficient KOH has been added so 


that the color does not fade instantly on - 


gentle swirling, add 50 ml. of hot dis- 
tilled water (175 to 190 F.). Agitate by 
vigorous shaking (without stopper), tilt 
the flask at a 45-deg. angle, observe the 
color of the separated alcohol layer, 
and, without waiting for a complete 
separation, proceed with the final titra- 
tion, adding KOH solution in increments 
of 0.1 to 0.2 ml. When a definite pink 
coloration persists, again agitate by vig- 
orous shaking. If the definite pink 
coloration persists after shaking, the 
end point has been reached. If too 
much KOH has been added, the sample 
may be back-titrated with the diluted 
H.SO,. The entire titration should not 
consume more than 1 to 1.5 min. for a 
new or used oil (Note 2). 


Nore 1.—If new oil is being titrated, or if 
the neutralization number is expected to be 
quite low, a 20 + 0.1 g sample may be used. 

NoTtE 2.—Some samples containing an un- 
usually high percentage of insoluble matter may 
require a slightly longer time for titration, but 
in no case should the total titration time exceed 
3 min. 


(b) Alcohol Solution Blank.—Heat 
100 ml. of the alcohol solution to boiling, 
add 1 ml. of the phenolphthalein indi- 
cator, and titrate to a definite pink 
coloration. 

(c) Calculation.—Calculate the neu- 
tralization number of the sample as 


follows: 


(A — B) X 5 
‘Neutralization number = 
W 
where: 
A = milliliters of KOH required for 


titration of sample, 
B = milliliters of KOH required for 

titration of blank, and 
W = weight of sample in grams. 


7 
acid 
ure. 
the 
len- 
e of 
con- 
ter), 
-mi. 

ile of 
ature 

. 
re 5.1 
tilled 
nt of 
ecipi- 
esent. 
gainst 
from 
ndard 
ped in 
ein a 
nating. 
yntaid 
i 
\ 


Alkali Neutralization Number 


6. (a) Procedure.—If the alcohol layer, 
on the addition of the phenolphthalein 
_ indicator in Section 5 (a), develops a pink 

coloration, titrate rapidly (Note 1) with 
the diluted H2SO, until the color dis- 
appears. Agitate by vigorous shaking 
(without stopper), tilt flask at a 45-deg. 
angle, and observe the color in the 
alcohol layer. If the pink coloration in 
the alcohol layer does not reappear 
within 30 sec. (Note 2) after shaking, 
the end point has been reached. 


Nore 1.—The entire titration should not con- 
sume more than 1 min. 

Norte 2.—On standing, the pink coloration 
may reappear. 


(b) Calculation Calculate the alkali 
neutralization number of the sample as 
follows: 
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Alkali neutralization number = cxs 


W 


C = milliliters of acid required for 
titration of the sample, and 
W = weight of sample in grams, 


Reproducibility of Results 


7. With proper care, and strict atten- 
tion to details, duplicate determinations 
by the same operator should not differ by 
more than the amounts given in the 
following tabulation: 


Material Neutralization Permissible 
Tested Number Difference 


0.05 
New oils 10 per cent 


Used oils 20 per cent 
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PROPOSED METHOD OF TEST FOR POTENTIAL GUM IN AVIATION 
GASOLINE! 


1. Scope.—This method describes a pro- 
cedure for an accelerated oxidation test for 
aviation gasoline by means of which the 
quantity of gum is measured after the 
gasoline has been oxidized for a specified 
time under prescribed conditions. Pro- 
vision is made for a correction in the case of 
aviation gasoline containing tetraethyl lead. 

2. Apparatus: (a) Bomb.—The bomb shall 
be made of a stainless steel (Note 1) with 
the inside dimensions of the portion that 
encloses the reacting gasoline-oxygen mix- 
ture conforming substantially to those shown 
in Fig. 1. The interior surface of the bomb 
and lid shall be given a high polish to facili- 
tate cleaning and to prevent corrosion. 
Other structural details such as the method 
of closure, gasket material, and outside 
dimensions are optional, provided the fol- 
lowing limitations are observed: 

(1) The bomb shall be constructed to 
withstand a working pressure of 180 psi. 
at 212 F. (100 C.), with an ultimate strength 
at least equal to that of a bomb constructed 
of 18 per cent chromium, 8 per cent nickel 
alloy steel (Note 1) and having dimensions 
a shown in Fig. 1. 

(2) The closure (Note 2) shall be capable 
of making a seal that will not leak when the 
bomb is filled with oxygen to 100 psi. at 60 
0 80 F. (15.6 to 26.7 C.), and plunged into 
abath at 212 F. (100 C.). Any suitable 
uasket material may be used that will not 
tact with oxygen (Note 3). 

(3) The weight of the bomb assembled 
@s shown in Fig. 1, but without the oxygen 
valve and glass liner, shall be not less than 
»0 lb. nor more than 8.0 Ib. This weight 
shall be*distributed about the sample con- 


AS pis Proposed method is under the jurisdiction of the 
Labi, committee D-2 on Petroleum Products and 
bricants, Published as information, June, 1941. 


This is a proposed method and is published as information only. 
Comments are solicited and should be addressed to the American 
Society for Testing Materials, 260 S. Broad St., Philadelphia, Pa. 


tainer in a manner equivalent to that shown 
in Fig. 1. 


Nore 1.—A suitable material is an 18 per 
cent chromium, 8 per cent nickel alloy steel 
conforming to grade S, type 304 of the Standard 
Specifications for Corrosion-Resisting Chro- 
mium-Nickel Steel Sheet, Strip, and Plate for 
Fusion-Welded Unfired Pressure Vessels (A.S. 
T.M. Designation: A 240) of the American 
Society for Testing Materials;? or S.A.E. Nos. 
30905 or 30915.3 

Nore 2.—It is preferable that the closure 
ring be constructed from an alloy different from 
that used for the bomb body, particularly if 
the bomb metal is that specified in Note 1 and 
if the mating threads of the two parts are to 
move with respect to each other when a tighten- 
ing load is applied. 

Note 3.—Reactivity with oxygen shall be 
determined by the following test: The gasket 
under test shall be placed in the bomb in the 
absence of gasoline and a gasket of similar 
composition used in the attachment of the cover. 
The bomb shall be filled with oxygen to a 
pressure of 100 psi. and immersed in a bath at 
about 212 F. (100 C.). If the pressure does not 
drop more than 2 lb. from the maximum in a 
24-hr. period, with the bath temperature 
differing by not more than 2.0 F. from that when 
the pressure was at its maximum, the gasket 
shall be considered nonreactive in the presence 
of oxygen. 


(b) Bomb Accessories.—The bomb lid 
shall be provided with a stem and stem filler 
rod, both constructed of stainless steel and 
having dimensions substantially as shown 
in Fig. 1. The inside of the stem and the 
outside of the filler rod shall be given a high 
polish to facilitate cleaning. Means shall 
be provided for connecting to the bomb stem 


21941 Supplement to Book of A.S.T.M. Standards, 
Part I, p. 64. 
31941 S.A.E. Handbook, p. 307. 
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an indicating or recording pressure gage 
(Paragraph (c)) and a tightly closing needle 


valve (Note 4) through which oxygen may 


be admitted. The connection to the source 
of oxygen may be made as indicated in 
Fig. 1, or it may be made through a tee or 
cross connection on the top of the bomb 
stem. A circular metal plate of a diameter 
sufficient to serve as a lid for closing the 
bath when the bomb is in place shall be 
fitted to the stem in any convenient manner 
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Fic. 1.—Bomb for Accelerated Oxidation. 


but in the position shown in Fig. 1. A glass 
liner shall be provided, the shape and 
dimensions of which shall conform to those 
shown in Fig. 1. The liner shall fit snugly 
inside the bomb. A suitable holder for the 
bomb and an adequate wrench for obtaining 
a tight closure shall be provided. 


Note 4.—It is-suggested, for the sake of 
convenience, that a tire valve and stem be 
attached to the needle valve and that the 
oxygen be introduced through a suitable high 


pressure air hose and fitting. A shortened 
form of Schrader valve stem No. 724 is satis. 
factory. The valve stem should not replace 
the needle valve as the latter serves as a safety 
closure during the test. : 


(c) Pressure Gage.—A 200-psi. maximum 
pressure gage of either the indicating or 
recording type shall be used having a pre- 
cision of not more than 50 psi. per inch of 
travel of the pointers along the arc of the 
scale throughout the range of 100 to 180 psi, 
and having divisions on the chart or scale 
not greater than 5 psi. The gage may be 
connected to the bomb stem directly or by 
a flexible metal tubing, but the total volume 
of the stem with filler in place and all con- 
nections shall be not more than 15 ml. 

(d) Oxidation Bath.—The oxidation bath 
shall be a water bath having a capacity of 
not less than 4.5 gal. per bomb, and of such 
dimensions that the maintained depth of 
liquid is not less than 11.5 in. The bath 
shall be equipped with a condenser and a 
heating unit for keeping the water boiling 
continuously. It also shall have a thermom- 
eter well such that 206 F. (96.7 C.) point of the 
thermometer (Paragraph (e)) shall be of the 
same level as the upper surface of the bath 
cover. A round opening of such a diameter 
as to accommodate the bomb and to fit the 
plate fastened to the bomb stem shall be 
provided. The top of the bomb lid shall be 
submerged at least 2 in. below the surface 
of the bath liquid. 

(ec) Thermometer.—An A.S.T.M. Saybolt 
Viscosity Thermometer, graduated in either 
Fahrenheit or Centigrade degrees as specifi 0, 
having a range of 204 to 218 F. or 95 to 109 
C. and conforming to the requirements for 
this thermometer as prescribed in the 
Standard Specifications for A.S.T.M. Ther- 
mometers (A.S.T.M. Designation: E 1) 
the American Society for Testing Materials: 

(f) Evaporation Bath.—The evaporation 
bath shall consist of a closed vessel provided 
with a reflux condenser, a well into which the 
beaker fits, a coil for preheating the air, a0 
a conical adapter to deliver the air into the 
center of the beaker. A suitable form of 
apparatus is shown in Fig. 2. A multiple 
bath having similar provisions is also satis 
factory. The bath shall be filled to within 
1 in. of the top with a stable liquid having# 


4 1939 Book of A.S.T.M. Standards, Parts I and i. 
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boiling point within a temperature range 
from 320 to 330 F. (160 to 165.8C.). Ethyl- 
ene glycol containing approximately 3 per 
cent water is suitable for the purpose. 
The bath shall be insulated with asbestos. 
An electric hot plate capable of keeping the 
liquid boiling actively is the preferred heat- 
ingmeans. In the absence of a satisfactory 


Rolled Bar Steels (A.S.T.M. Designation: 
A107) of the American Society for Testing 
Materials;> or S.A.E. No. 1020.6 


(4) Beakers.—The beakers shall be of the . 
Berzelius type, made of heat-resistant glass, 


without lip, and of 100-ml. nominal capacity. 
(i) Gooch Crucible.—A sintered-glass Gooch 


_-Thermometer 
#22 3’long 


Removable Adapter 
2D Brass Tubing. 


Silver Solder 
All Joints. 


/ 
Copper 
Tubing Wall 


Bath and Air 


Preheater Cotton or Glass 


Wool Fi 


Flow Meter, To Air Supply 
not drawn 
to scale 


_ Fic. 2.—Apparatus for Determining Gum Content of Oxidized Gasoline. 7 


hot plate, the bath may be heated by a gas 
burner, in which case the apparatus shall 
be placed in a hood with a good draft. 

(g) Catalyst.—The catalyst shall be clean 
sand blasted steel (Note 5) in the form of 
tubing, or strips twisted into spirals to 
avoid flat contact. 


Note 5.—A suitable material is carbon 
steel conforming to grade 3 or 5 of the Standard 
tions for Commercial Quality Hot- 


crucible, fine porosity, of 25-ml. nominal > 


capacity shall be used. 
(j) Air Supply.—Low-pressure air shall 


be passed through a cotton or glass-wool — 
filter and delivered to the preheater inlet of — 


the bath. A flowmeter or other air- 
measuring device shall be provided as shown 
in Fig. 2. The flowmeter shall be calibrated 

51940 Supplement to Book of A.S.T.M. Standards, 


Part I, p.9. 
61941 S.A.E. Handbook, p. 304. 
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when attached to the bath with the bath 
liquid at room temperature. 

3. Procedure.—(a) Carefully clean the 
bomb and its accessories before starting the 
test. Wash the glass liner with a suitable 
gum solvent (Note 6) and allow to dry. 
Soak the liner for a minimum of 12 hr. in 
chromic acid solution, rinse three times with 
distilled water, and finally dry by heating in 
an oven. ‘The glass liner should be handled 
only with clean metal forceps after cleaning. 
Drain from the bomb any gasoline present 
and wipe the inside of the bomb and cap, 
first with a clean cloth moistened with the 
gum solvent and then with a clean dry cloth. 
Remove the gum or gasoline in the annular 
space with gum solvent. Occasionally re- 
move the filler rod from the stem and 
carefully clean both stem and rod. The 
annular space shall be thoroughly dry before 
each test is started. 


Nore 6.— Either acetone or a blend of benzol- 
ethyl] alcohol (1:1) is a satisfactory gum solvent. 


(b) Bring the bomb and the gasoline to be 
tested to a temperature of 60 to 80 F. (15.6 
to 26.7 C.). Place sufficient clean catalyst 
(Note 7) of suitable length in the glass liner 
in such a manner that 17} sq. in. of catalyst 
surface will be exposed to and completely 
immersed in the fuel sample. Then add 
100 + 1 ml. of sample to the glass liner 


containing the catalyst and place the liner 


in the bomb. Close the bomb (Note 8), 
introduce oxygen until a pressure of 125 psi. 
is obtained, and then, after 10 + 2 min., 
adjust the pressure between 100 and 102 
psi. 


5 


immersion as the starting time. Maintain 
the temperature of the water at 212 + 02F. 
(100 + 0.11 C.). Leave the bomb in the 
oxidation bath for 5 hr. (Note 9). 


Nore 9.—If, as indicated by a steady drop in 
pressure, a leak develops after the bomb is 
placed in the bath, the test shall be discarded, 


(d) At the completion of the oxidation 
period, remove the bomb from the bath and 
cool rapidly with water while the charging 
valve is still closed. Release the pressure 
gradually, take the bomb apart, and remove 
the glass liner. 

(e) Drain the oxidized sample from the 
glass liner into a beaker. ‘To remove any 
insoluble gum, wash the interior of the liner 
and the catalyst together twice, using a 
fresh 10-ml. portion of the solvent (Note 6) 
for each washing. Add these washings to 
the oxidized sample, shake the mixture, and 
filter. Reserve the filtrate for the gum de- 
termination (Paragraphs (f) and (g)). 


Nore 10.—Avoid exposing the sample to 
daylight prior to and during this test. At 
the end of the test no visible precipitate shall be 
present in the glass liner. 


(f) Wash a test beaker, together with a 
similar tare beaker, free from gum with the 
solvent (Note 6), immerse for at least 12 hr. 
in chromic acid cleaning solution, and wash 
thoroughly, first with tap water and then 
with distilled water. Subsequent to r 
moval from the cleaning mixture, the beakers 
shall be handled only by means of clean 
metal forceps. After washing, thoroughly 
dry both beakers by heating to aboyt 
302 F. (150 C.), and allow them to cool 
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simultaneously for the same period of tim 
but not less than 1 hr., in a desiccator. Ii 
the air in the balance is dried with a desi 

cant, this same desiccant shall be used in 


Nore 7.—The catalyst shall be sandblasted 
to a uniform gray color, washed in HCl (2 per 
cent), rinsed with distilled water and then with 
acetone, and stored in kerosine. 


Nore 8.—After a new gasket has been 
inserted in the groove, the bomb cap must be 
centered carefully so that it will press and seat 
- the gasket properly. When using a new gasket, 
it is desirable to screw the cap down firmly, 
release, and retighten several times in order to 
avoid leaks. 


(c) Place the charged bomb in the vigor- 
ously boiling water bath, being careful to 
avoid shaking, and record the time of 


the desiccator; otherwise no drying agent 
shall be used in the desiccator. Weigh th 
test beaker, using its tare (Note 10) on tht 
opposite balance pan. After weighing, t- 
place the tare beaker in the desiccator and 
place the test beaker in the well of the bath 
as shown in Fig. 2. Adjust the air flow to 
a rate, at the point of measurement, of | 
liter per sec., plus or minus 15 per cent. 
Heat the bath so that the temperature © 
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the effluent air, measured by a thermometer 
placed on the bottom of the beaker at the 
enter, shall be from 305 to 320 F. (151.7 
1160 C.). This is governed largely by the 
rate of boiling of the bath liquid and the 
rate of air flow. 


Nore 11.—-For routine tests it is permissible 
to use the same beaker as a tare for more than 
me test beaker, provided all are heated at the 
same time, but not for more than six test beakers. 


(g) Remove the conical adapter and pour 
eactly one half of the filtrate plus the 
washings into the beaker; then replace the 
adapter on the air outlet so that it is ver- 
tically above the center of the surface of the 
liquid. After the liquid has evaporated, 
which should require from 8 to 14 min., 
lave the beaker in place for an additional 
\5-min. period, the air supply being main- 
tained. During this 15-min. period, heat 
the tare beaker also to about 302 F. (150 C.). 
Allow both test and tare beakers to cool 
imultaneously and for the same period of 
time, but not less than 1 hr., in a desiccator 
under the same conditions as prescribed in 
Paragraph (f), and weigh the test beaker 
as before the test. Report the increase in 
weight of the test beaker multiplied by 2 as 
the amount of gum in 100 ml. of the sample. 
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(k) If the gasoline contains tetraethyl 
lead and the value found under Paragraph 
(g) exceeds 6.0 mg. per 100 ml., treat the 
residue in the beaker as follows: Add 10 ml. 

~ of HeSO, (approximately 95 per cent) to the 
residue and evaporate the solution to strong 
fumes of sulfuric acid. Oxidize any organic 
material by cautiously adding HNO; drop 
by drop until a water-white solution is ob- 
tained. Wash this solution into a clean 400- 
ml. beaker, and add 0.2 to 0.3 g. of (NH4)2SO, 
to remove completely any HNO; that may 
be present. Fume the sample for a few 
minutes, remove from the hot plate, cool, 
dilute to 150 ml., and boil for 5 min. on 
the hot plate. Remove the beaker from 
the hot plate, allow to cool, and add 50 
to 70 ml. of alcohol. After the solution 
has cooled to room temperature, filter it 
through a dried and weighed Gooch crucible 
prepared as described in Section 3. Wash 
the precipitate first with cold H2SO, (ap- 
proximately 2 per cent), and then with 
alcohol, dry at 110 to 120 C., and weigh as 
lead sulfate. Multiply this weight by 1.70 
and deduct the result from the value found 
under Paragraph (g). Report the result- 
ing figure as the gum in 100 ml. of sample, 
corrected for tetraethyl lead. 
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nifican 
DIESEL-FUEL-OIL CLASSIFICATION wvailak 


INTRODUCTION Committee D-2 on Petroleum Products 
and Lubricants, 50 West 50th Street, 
New York, N. Y. 


Manufacturers and users of Diesel en- 
gines, as well as petroleum refiners and 
distributors, have long felt the need for ; 
some classification differentiating types SIGNIFICANCE OF CLASSIFICATION 
of fuel oils suitable for Diesel engines. REQUIREMENTS 
The classification shown in Table I, cov- While it is not the intention of the 
ering four grades of oil, is offered by committee that this classification should 


TABLE I.—DIESEL-FUEL-OIL CLASSIFICATION. 


Distilla- 
tion Tem- 


peratures, Viscosity at 100 F. 
eg. Fahr. 


» per cent 


Flash Point, 
deg. Fahr. 


Fuel Oil 


Kinematic, centistokes 


cent by volume 
by weight 


| Water and Sediment, per 


| Pour Point, deg. Fahr. 
Carbon Residue 

| Ash, per cent by weight 

| Sulfur, per cent by weight 
Cetane Number 


90 per cent 
Point 


Min. 


Min. Max. 


| 


100 or legal 
140 


140 
140 


= 
: ss | é | End Point 


Seas | 


2.0 (32.6)%**| 6.0 (45.5)° 

12 (65)° 

Oil more viscous than No. 4-D may be agentes by referring to No. 5 fuel oil? with an agreement betwees 
the purchaser and the seller regarding limits for carbon residue and sulfur. 


| 
nero 


* Lower pour points may be specified whenever required by local temperature conditions to facilitate storage and ust. 
When operations are anticipated at atmospheric temperatures below an average daily minimum of +10 F., 
poy pom may also require a lowering of the minimum viscosity limit. . 
in 10 per cent residuum. 
© Equivalent values, Saybolt Universal seconds. 
Tentative Specifications for Fuel Oils (A.S.T.M. Designation: D 396) of the American Society for Testing 
Materials.! 
Technical Committee F on Diesel Fuel be used as a purchase specification, 4 
Oils of Committee D-2 on Petroleum consideration of the significance of the 
Products and Lubricants in an attempt classification requirements should prove 
to supply this need. This classification helpful in preparing such specifications, 
was first presented in June, 1934, and particularly where there is a need for 4 
has been revised periodically. Criticism universal diesel fuel suitable for - 
and comment should be forwarded to and high-speed equipment. Any % 
Mr. R. P. Anderson, Secretary of specification, which must take ml 
consideration the availability of ba 
1 1939 Book of A.S.T.M. Standards, Part III, p. 586 stocks and apply to fuel suitable for 4 
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variety of types of engines, must of 
necessity be a compromise and it is 
suggested that No. 2-D be used as a 
basis. 

The following resume of the sig- 
tificance of classification requirements is 
tased upon an analysis of information 
wailable from cooperative full-scale 
«gine tests, laboratory data, and field 
aperience by the Automotive Diesel 
fuels Division of the Cooperative Fuel 
Research Committee. 


Viscosity: 
The importance of viscosity should be 
recognized as involving a consideration 


the Bu ease of circulation, atomization, 
ould penetration, injection-pump plunger 
akage, lubrication quality, heat con- 
tent, volatility and, finally, over-all 
power and economy. A lower limit of 
10 centistokes at 100 F. is considered 
| practical for high-speed diesel engines 
t een though viscosities lower than 2.6 
centistokes tend to decrease the power 
é output at a given pump setting because 
© § ofplunger leakage and inherently lower 
Mic, — ‘at value. When power loss is due to 
“—" plunger leakage, resetting the pump 
vill, in most cases, restore the maximum 
<| 3 power available It is further recog- 
“Zed that when operations are antic- 
in a given area at atmospheric 
temperatures below an average daily 
mnimum of 10F., the necessity of 
aching correspondingly lower pour 
Toi @ joints may require even a lower viscosity 
| than 2.0 centistokes. An upper limit of 
jon, # 60 centistokes should prove practicable 
of the for high-speed fuels. 
prove 
ations, elatitity: 
d for 4 The upper limit of the boiling range 
mobile vil be governed by the requirements of 
y such the individual engines. For automotive 
e int & service the wide speed, load, and tem- 
variations encountered indicate 
e 


ihe desirability of complete distillation 
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of the fuel below 700F. To insure 
minimum smoke, odor, lubricating-oil 
contamination, and engine deposits, it is 
necessary to avoid an undue concentra- 
tion of heavy ends in the fuel. There- 
fore, the temperature at which 90 per 
cent is evaporated should not exceed 
650 F. As the minimum flash point 
will tend to control the permissible 
amount of the undesirable low-boiling 
fractions of the fuel, it is unnecessary to 
define the lower end of the boiling range. 


Flash Point: 


Smoothness of combustion and fire 
hazard are in some way related to front- 
end volatility and can most conveniently 
be defined by flash point. Available 
information indicates that satisfactory 
operation is possible with fuels having 
flash points lower than 140 F. and 
that such a flash point should prove to 
be a conservative minimum for insuring 
freedom from operational difficulties. 
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Carbon Residue: 


The fuel property which affects 
combustion-chamber and nozzle deposits 
is usually controlled by the volatility 
limitation. However, to eliminate un- 
usual products which might have exces- 
sive concentrations of residue within the 
allowable volatility range, a carbon- 
residue requirement on 10 per cent 
residuum is considered necessary. Per- 
formance studies indicate that fuels 
having a residue not in excess of 0.20 per 
cent on 10 per cent residuum are 


satisfactory. 
Ignition Quality: 
The ease with which a diesel fuel 
autoignites affects not only its general 
combustion in the engine but also its 
starting characteristics. Since most 
commercially available fuels have cetane 
numbers less than 60, no upper limit of 


ignition quality is specified. It is gen- 


| 
| 
tm it 
icts 
eet, 
| 
| 
| 
| 
> 
| | 
im 
| | 


358 4 REPORT OF COMMITTEE D-2 (APPENDIX V) 


erally recognized that high cetane num- 
bers are desirable, but available fuels 
meeting the other requirements neces- 
sitate the use of a minimum cetane 
number of 45 for fuel No. 2-D. In- 
formation available on a majority of the 
high-speed engine types used, operating 
under a wide range of conditions, indi- 
cates satisfactory performance on fuels 
at least as low as 47 cetane number, and 
this should prove a satisfactory minimum 
value where a universal fuel is required. 


Pour Point: 


The pour point of a diesel fuel is of 
importance in cold weather as it affects 
handling, pumping, and filtering. 

As the best fuels with respect to 
ignition tend to have poor cold-weather 
characteristics, the pour point should not 
be specified lower than absolutely neces- 
sary. To obtain adequate supplies of 
fuels having the other necessary proper- 
ties that have been outlined, it is 
advisable that any universal fuel for 
high-speed diesels have a pour point 
not lower than OF. As the majority 
of commercially available fuels have 
cloud points approximately 10 F. above 
their pour points, and as cloud point 
limits the flow through the filter, a safe 
operating temperature for a fuel of 
OF. pour point is 10F. In_ those 
sections where the average daily mini- 
mum temperature is below 10F., it 
will be necessary to use fuels of corre- 
spondingly lower pour point. Under 
such conditions a corresponding adjust- 
ment of the minimum viscosity may be 
found necessary, as already discussed 
under Viscosity. 


Ash: 


The Conradson carbon residue limit of 
0.20 per cent on 10 per cent residuum 
will in itself limit the ash content of fuel 
No. 2-D. However, a separate limita- 
tion on ash is desirable, if for no other 


purpose than to impress upon the user 
the necessity of avoiding dust and dirt 
contamination. 


Water and Sediment: 


Reported experience appears to indi. 
cate that a value of 0.05 per cent maxi- 
mum for water and sediment is satis- 
factory for high-speed engines. 


Sulfur: 


Although the evidence regarding the 
absolute maximum limit for sulfur is 
inconclusive, experience indicates that a 
maximum value of 1.0 per cent is satis- 
factory from the user’s standpoint for 
high-speed engines. Such a limit has 
the value of permitting the use, in those 
sections of the country where only 
high-sulfur fuels can be manufactured, 
of fuels produced in that territory. A 
low value would exclude the use of such 
fuels and thereby limit the total avail- 
able supply. Higher sulfur limits are 
indicated for low-speed, heavy-duty 
engines. 

Corrosion: 

Heretofore, “passing” of the gasoline 
corrosion test has been specified for 
fuels Nos. 1-D and 2-D. As a greater 
protection against corrosion difficulties 
in fuel lines of various compositions, 
“passing” of a 3-hr. copper-strip test at 
212 F. is specified for these two grades. 


METHODS OF TESTING 


The properties listed in this classi: 
cation are determined in accordance wit! 
the following methods of test: 


(a) Flash Point.—Standard Method 
Test for Flash Point by Means of the Pes: 
sky-Martens Closed Tester (A.S.T.M. Dest 
nation: D 93),? except where other methods 
are prescribed by law. r 

(b) Pour Point.—Standard Method “ 


21940 Supplement to Book of A.S.T.M. Standar 
Part III, p. 47. = 
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CLASSIFICATION 


Test for Cloud and Pour Points (A.S.T.M. 
Designation: D 97)3 

(c) Water and Sediment.—Standard 
Method of Test for Water and Sediment in 
Petroleum Products by Means of Centri- 
fuge (A.S.T.M. Designation: D 96).4 

(d) Carbon Residue—Standard Method 
of Test for Carbon Residue of Petroleum 
Products (Conradson Carbon Residue) 
(A.S.T.M. Designation: D 189)5 

(e) Ash.—Tentative Method of Test 
for Ash Content of Petroleum Oils (A.S. 
T.M. Designation: D 482) § 

(f) Distillation.—Distillation of grade 
No. 1-D oil shall be determined in ac- 
cordance with the Standard Method of Test 
for Distillation of Gasoline, Naphtha, Ker- 
sine, and Similar Petroleum Products 
(AS.T.M. Designation: D 86),’ and of 
grade No. 2-D oil in accordance with the 
Standard Method of Test for Distillation 
of Gas Oil and Similar Distillate Fuel Oils 
(AS.T.M. Designation: D 158).8 


31939 Book of A.S.T.M. Standards, Part III, p. 102. 
ee “pan to Book of A.S.T.M. Standards, Part 
Ill, p. 8 


Heat ‘Supplement to Book of A.S.T.M. Standards, 


Part III, 

6 1939 “or of A.S.T.M. Standards, Part III, p. 595. 

71940 Supplement to Book of A.S.T.M. Standards, 
Part III, p. 35. 

1941 Supplement to Book of A.S.T.M. 
Part II, p. 15. 


Standards, 


(g) Viscosity.—Tentative Method of Test 
for Kinematic Viscosity (A.S.T.M. Desig- 
nation: D 445),° and Standard Method 
of Test for Viscosity by Means of the Say- 
bolt Viscosimeter (A.S.T.M. Designation: 
D 88).!° 

(h) Sulfur—Standard Method of Test 
for Sulfur in Petroleum Oils by Bomb 
Method (A.S.T.M. Designation: D 129).! 

(i) Corrosion.—Standard Method of Test 
for Detection of Free Sulfur and Corrosive 
Sulfur Compounds in Gasoline (A.S.T.M. 
Designation: D 130),! using a temperature 
of 212 F. instead of 122 F. 
not “pass” 
freshly polished copper strip becomes opaque 
or if pitting is caused on any portion thereof. 

(j) Alkali and Mineral Acid.—Tentative 
Method of Test for Neutralization Num- 
ber of Petroleum Products and Lubricants 
(A.S.T.M. Designation: D 188). 

(k) Cetane Number.—Tentative Method 
of Test for Ignition Quality of Diesel 
Fuels (A.S.T.M. Designation: D 613)." 


91939 Book of A.S.T.M. Standards, Part III, p. 647. 

10 Jhid., p. 216. 

[hid., p. 207. 

12 Ibid. p. 206. 

131941 Supplement to Book of A.S.T.M. Standards, 
Part III, p. 302. 

14 p. 273. 
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REPORT OF SECTIONAL COMMITTEE 


ON 


PETROLEUM PRODUCTS AND LUBRICANTS 


ASA Project: Z11 


Sectional Committee Z-11 on Petro- 
leum Products and Lubricants held one 
meeting during the year: in Atlantic 
City, N.-J., on June 27, 1940. 

In view of the revision made in the 
ASA procedure eliminating the status of 
American tentative standard, approval 
of the following three A.S.T.M. methods 
as American tentative standard was 
withdrawn by ASA on September 30, 
1940, on the recommendation of the 


sectional committee: 


Tentative Methods of Test for: 


Sulfur in Petroleum Oils by Lamp Method 
(D 90-34T; ASA Z11.38—1935), 

Color of Lubricating Oil and Petroleum by 
Means of ASTM Union Colorimeter 
(D 155-39T; Z11.34—1939), and 

Neutralization Number of Petroleum Prod- 
ucts and Lubricants (D 188 - 27 T; Z11.12 
—1928). 


At the same time, the American 
Standards Association reapproved eight 
American standards submitted by the 
sectional committee in which revisions 
had been made, and likewise approved 

P two A.S.T.M. standards as American 
standard for the first time assigning the 
4 following ASA designations: 


_ Standard Methods of: 


Test for Distillation of Gasoline, Naphtha, 
Kerosine and Similar Petroleum Products 
(D 86-40; ASA Z11.10—1940), 

Test for Distillation of Natural Gasoline 
(D 216-40; Z11.11—1940), 

Test for Flash Point by Means of the Pensky- 


Martens Closed Tester (D 93 - 40; Z11.7 
1940), 

Analysis of Grease (D 128-40; Zil1.1 
1940), 

Test for Knock Characteristics of Motor 
Fuels (D 357 — 40; Z11.37—1940), 

Test for Water in Petroleum Products and 
Other Bituminous Materials (D 95-40 
Z11.9—1940), 

Test for Water and Sediment in Petrolew 
Products by Means of Centrifuge (D % 
40; Z11.8—1940), 

Test for Precipitation Number of Lubricating 
Oils (D 91 - 40; Z11.30—1940), 

‘Test for Unsulfonated Residue of Plant 
Spray Oils (D 483-40; Z11.41—1940 

and 

Standard Specifications for Stoddard Solvent 
(D 484 - 40; Z11.42—1940). 


At its meeting held during this annual 
meeting, the following three A.S.T.M. 
tentative standards were recommended 
by Committee D-2 on Petroleum Prod- 
ucts and Lubricants for submittal to 
letter ballot of the Society for adoption 
as standard. The sectional committee 
decided to recommend to the American 
Standards Association the approval of 
these methods as American standar 
upon their adoption AS.T.M 
standards: 


Tentative Methods of: 
Test for Distillation of Plant Spray 0 
(D 447 - 407), | 
“Test for Vapor Pressure of Petroleum Prot 
ucts (Reid Method) (D 323-40T), an¢ 
Calculating Viscosity Index (D 567 - 407 


They will accordingly be referred.' 
letter ballot in the sectional committee. 
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Action was also taken by the sectional 
committee at this annual meeting to 
recommend the withdrawal as American 
standard of the Standard Method of 
Test for Knock Characteristics of Motor 
Fuels (D 357 — 39; ASA Z11.37-1939) 
since this method is being revised and 
reverted to tentative this year by the 
AS.T.M. This recommendation also 
will shortly be balloted upon by the 
sectional committee. 
Since the standards listed below, al- 
| ready having ASA approval, have been 
revised this year Committee D-2 has 
recommended that they be presented to 
the ASA in their revised form for re- 
approval as American standard: 


Revision of Standard Methods of: 

Test for Carbon Residue of Petroleum Prod- 
ucts (Conradson Carbon Residue) (D 189 — 
39; ASA Z11.25—1939), 

Test for Distillation of Crude Petroleum 
(D 285 - 36; Z11.32—1936), and 

Test for Distillation of Gas Oil and Similar 
Distillate Fuel Oils (D 158 - 38; Z11.26— 
1938). 


The sectional committee voted to refer 
these revisions to the ASA subject to 
approval by letter ballot. At the same 
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time a ballot will be taken on the sub- 
mittal of the Standard Method for Con- 
version of Kinematic Viscosity to Say- 
bolt Universal Viscosity (D 446 — 39) 
to the ASA for approval as American 
standard. 

The project on the preparation of 
specifications for gasoline for use in 
heavy duty commercial vehicles was dis- 
continued inasmuch as the results of the 
tests conducted in cooperation with a 
number of bus operating companies 
indicated that the problem at the mo- 
ment is a question of design of fuel 
systems and is not a question of fuel. 
The American Transit Assn. accordingly 
proposes to study further this matter of 
design in cooperation with vehicle manu- 
facturers to determine whether most of 
the commercial fuels on the market will 
not meet all requirements. 


Respectfully submitted on behalf of 
the sectional committee, 


T. A. Boyp, 


Chairman. 
R. E. Hess, 
Secretary. 
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REPORT OF COMMITTEE D-3 


ON 
GASEOUS FUELS 


Committee D-3 on Gaseous Fuels 
held two joint meetings with its seven 
subcommittees, one in Atlantic City, 
N. J., on October 8, 1940, and a second 
in Washington, D. C., on March 3, 1941. 
Four of its subcommittees also met in 
Washington on March 3, 1941. 

Much progress has been made by 
individual subcommittees in the prepara- 
tion of proposed tentative standards 
and several should soon be available. 
This will be apparent from the brief 
reports given below on activities of these 
groups for the past year. 

Subcommittee II on Measurement of 
Gaseous Samples (H. S. Bean, chair- 
man).—Equipment has been erected at 
the National Bureau of Standards and a 
procedure developed for testing labora- 
tory wet gas meters while in continuous 
motion. Results obtained by _ this 
means are fairly consistent and repro- 
ducible. However, there is an appreci- 
able difference between these results and 
those obtained with the fractional cubic 
foot bottle. While in all cases so far 
the direction of this difference has been 
the same, the magnitude varies some- 
what with the different meters. The 
exact cause of this difference has not 
yet been established. Further tests are 
in progress in the hope of obtaining its 
explanation so that recommendations 
may be made for a method to be fol- 
lowed in the testing of these meters. 

Subcommittee III on Determination of 
Calorific Value of Gaseous Fuels (R. B. 
Harper, chairman).—Preparation of a 


standard method for conduct of heating 
value determination by use of the flow 
calorimeter has been largely completed 
by a subgroup formed for the purpose. 
Revisions to tables are now being made 
preparatory to placing the proposed 
method in final form. When con- 
pleted, it will cover two types of flow 
calorimeters in common use and will 
include procedures for both humidity 
correction and humidity control. Heat- 
ing value determinations for gases of 300 
Btu. per cu. ft. and over are covered. 
It is proposed to obtain full information 
and data on actual use of this proposed 
method by qualified laboratories priot 
to its final adoption. 

Definitions pertaining to calorific value 
have been prepared by a second sub- 
group and are now in the hands of the 
subcommittee members for approval by 
letter ballot. 

Subcommittee IV on Determination of 
Specific Gravity and Density of Gaseous 
Fuels (E. F. Schmidt, chairman)— 
Tests are still in progress at the Nation! 
Bureau of Standards on the eleven spe 
cific gravity instruments submitted by 
various manufacturers for that purpose. 
Although a considerable amount 
information is now available on each 
instrument, it is felt desirable to wal! 
until all the tests have been complete! 
before presenting any actual dats 
From the information at hand, sevett 
of the instruments appear to be capable 
of surprisingly accurate determinatio® 
of specific gravity. 
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The schedule of test gases calls for 
the use of 15 test gases covering a range 
of specific gravities from helium 0.15 
to butane 2.0 in approximately uniform 
steps. The mixtures selected will also 
give information on the possible effect 
of variations in compressibility and 
viscosity as these factors may affect 
gravity determinations. All tests have 
been completed on typical synthetic 
gases with specific gravities of 0.15 to 
0.80. Work is now in progress on the 
eighth test gas which is a mixture of 
hydrogen and carbon dioxide, having a 
specific gravity of approximately 0.60. 
This gas has a viscosity which is very 
much less than the previous sample 
tested having approximately the same 
specific gravity. 

It is estimated that all test work will 
be completed by August 1, 1941, and a 
general composite report should be 
available soon thereafter. 

Subcommittee V on Determination of 
Impurities of Gaseous Fuels (E. F. Pohl- 
mann, chairman).—This subcommittee 
is actively engaged in the preparation of 
methods for the determination of various 
impurities in gaseous fuels. Its work is 
being conducted through three sections, 
each under the guidance of a leader. 
Principal attention has been devoted 
thus far to proposed tentative methods 
for determination of total sulfur. So 
far, the subcommittee is not in position 
to make definite recommendations on 
methods for determination of individual 
impurities, although various methods 
are receiving extensive consideration. 

Subcommittee VI on Determination of 
Water Vapor Content of Gaseous Fuels 

A. W. Gauger, chairman).—This group 
8 Sponsoring active work at Pennsyl- 
Vania State College on two methods for 
the measurement of moisture in fuel 
bases: namely, a laboratory method 
which depends on the absorption of light 
by the water vapor at a particular wave 


length in the near infrared, and a field 
method which depends on the change of 
color of cobaltous bromide in an organic 
solvent on the addition of water. 
This investigation is described by F. C. 
Todd and A. W. Gauger in a paper on 
“Studies on the Measurement of Water 
Vapor in Gases,” to be presented at this 
annual meeting.! 

Two meetings of the subcommittee 
were held last year and progress reports 
made on the experimental work. The 
infrared spectrometer and associated 
equipment has been completed and is at 
present in operation, but very few data 
have been obtained as yet. Work has 
progressed on the colorimetric method 
until the effect of all the variables on 
the color are believed to be known and 
the technique of obtaining the water 
content from the colorimeter readings 
has been determined. In the course of 
this work, a very rough colorimeter was 
constructed to make a preliminary sur- 
vey of the problem. Then a precision 
laboratory model was assembled to 


determine the possible accuracy of the — 


method. With care, 
model reproduces results with a probable 
deviation of plus or minus 0.2 per cent 
of full scale. This laboratory model is 
not sufficiently strong for field work 
and has certain basic faults which are 
being corrected in a new model in the 
course of construction. 

Subcommittee VII on Complete 
Analysis or Chemical Composition of 
Gaseous Fuels (Martin Shepherd, chair- 
man).—Analyses of a standard gas 
sample: of the carburetted water gas 
type have been completed by 24 of the 


30 cooperating laboratories and the — 
results reported. These included ap- 


proximately 225 analyses received from 
various laboratories employing different 
apparatus and methods. Results clearly 


1 See p. 1134. 
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indicate the reproducibility to be ex- 
pected and offer a direct measure of the 
accuracy attained in computing the 
known heating value and specific gravity. 
Assembled data were discussed at a 
meeting of the subcommittee held in 
Washington on March 3. A complete 
report is being prepared for study and 
possible action. 

A standard sample of the natural gas 
type will be issued to cooperating 
laboratories for analysis on return of the 
sample cylinders. 


q 


REporT OF COMMITTEE D-3 


This report has been submitted to 
letter ballot of the committee which 
consists of 33 members; 27 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


R. M. CONNER, 
Secretary. 


A. W. GAucER, 
Chairman. 
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REPORT OF COMMITTEE D-4 


a 
an 


ROAD AND PAVING MATERIALS 


ON 


Committee D-4 on Road and Paving 
Materials has held two meetings during 
the past year: in Atlantic City, N. J., on 
June 27, 1940, and in Washington, D.C., 
on March 6, 1941. 

Subsequent to the 1940 annual meet- 
ing Committee D-4 presented to the 
Society, through Committee E-10 on 
Standards, the following recommenda- 


tions: 
Vew Tentative Standards: _ 


Specifications for Cut-Back Asphalt (Rapid 
Curing Type) (D 597 - 40 T). 

Specifications for Cut-Back Asphalt (Medium 
Curing Type) (D 598 - 40 T). 

Revisions of Tentative: 

Methods of Sampling Stone, Slag, Gravel, 
Sand, and Stone Block for Use as Highway 
Materials (D 75 — 39 T). 

Specifications for Crushed Stone for Water- 


Bound Base and Surface Courses (D 489- 
38 T). 


[hese recommendations were ac- 
cepted' by Committee E-10 on August 
28, 1940, and the new and revised ten- 
tative standards appear in the 1940 Sup- 
plement to Book of A.S.T.M. Standards. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee C-4 on Specifications for 
Emulsified Asphalis (J. E. Myers, chair- 
man).—During the past year this sub- 
ommittee has been actively engaged in 
revising the specifications for slow-set- 


submitting these recommendations to Committee 
tandards, Committee D-4 reported the following 
a i the letter ballot vote from a committee member- 
nesati 127: D 597 - 40 T and D 598 - 40 T, affirmative 73, 
eee 2, ballots marked “not voting” 6; D 75 - 39 T 
i. native 68, negative 3, ballots marked “‘not voting’ 


Me oa 38 T, affirmative 69, negative 1, ballots marked 
Ot voting” 11. 


= 


ting emulsified asphalt for fine aggregate 
mixes which were prepared in 1940 but 
not accepted by Committee D-4. It is 
hoped that these revised specifications 
will be ordered to letter ballot of Com- 
mittee D-4 at its June, 1941, meeting for 
recommendation to the Society later in 
the year through Committee E-10 on 
Standards.” 

Subcommittee D-1 on Calcium Chloride 
and Sodium Chloride for Use as Road 
Materials (H. F. Clemmer, chairman).— 
This subcommittee has recently sub- 
mitted to Committee D-4 proposed 
tentative revisions of Standard Methods 
of Chemical Analysis of Calcium Chlo- 
ride (D 345 — 34) and has proposed new 
tentative specifications for sodium chlo- 
ride. It is expected that these will be 
ordered to letter ballot of Committee 
D-4 at its June, 1941, meeting for recom- 
mendation to the Society later in the 
year through Committee E-10 on 
Standards.’ 


I. New TENTATIVE STANDARDS 


As the result of an exhaustive investi- 
gation, Subcommittee B-17 on Emulsion 


Tests (J. S. Miller, chairman), has devel- — 


oped the Tentative Methods of Test for 
Modified Miscibility and Cement Mixing 
of Emulsified Asphalts, appended hereto,’ 
to be added, when adopted, to the Stand- 
ard Methods of Testing Emulsified As- 
phalts (D 244-—40).4 The committee rec- 


2See Editorial Note, p. 368. 

3 These methods were ascouses as tentative by the Soci- 
ety and appear in the 1941 Supplement to Book of A.S. 
T.M. Standards, Part II, p. 347. 

41940 Supplement to Book of A.S.T.M. Standards, Part 


II, p. 94. 
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ommends that these methods of test be 
accepted for publication as tentative. 


q II. TENTATIVE REVISION OF STANDARD 


Standard Method of Test for Abrasion 
of Coarse Aggregate by Use of the Los 
Angeles Machine (C 131 —39).°—This 
method of test is under the joint juris- 
diction of Committee C-9 on Concrete 
and Concrete Aggregates and Committee 
D-4. At the request of Subcommittee 
IX on Specifications and Methods of 
Tests of Aggregates (H. Clemmer, 
chairman) of Committee C-9, D. O. 
Woolf and Stanton Walker reviewed the 
present standard method of test for 
the purpose of developing recommenda- 
tions for revisions providing for the 
testing of a wider range in gradings of 
aggregates (see Explanatory Note be- 
low). Asa result the following revision 
is recommended: 

Section 3 (b). 
form: namely, 


(b) An abrasive charge of 12 spheres weigh- 
ing 5000 + 25 g. shall be used with the grading 
A described in Section 4, and a charge of 11 

spheres weighing 4583 + 25 g. shall be used 
with the grading B described in Section 4. 


Change from its present 


_ to read as follows: 

(b) The abrasive charge, depending upon the 
grading of the test sample as described in Sec- 
tion 4, shall be as follows: 


Number 
of Spheres 


Weight of 

Charge, g. 
5000+ 25 
4584+-25 
3330+20 
2500+ 15 


Section 4.—Change from its present 
form: namely, 


Grading 


4. The test sample shall consist of 5000 g. of 
clean, dry aggregate and shall conform to either 
of the following gradings. The grading used 
shall be that most nearly representing the ag- 
gregate furnished for the work. 


Sieve Size (Square Openings) Grading A Grading B 
Passing Retained on Weight, g. Weight, g. 


1} in. i 0 
1 in. i 0 
2 in. i 


in. 2500 
1939 Book of A.S.T.M. Standards, Part II, p. 288. 
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to read as follows: 


4. The test sample shall consist of 5000 g. of 
clean, dry aggregate and shall conform to one 
of the following gradings. The grading used 


shall be that most nearly representing the aggre 
gate furnished for the work. 


Sieve Size 


(Square Openings) Weight, g. 


Grad- | Grad- 


Passing | Retained on . ing ing 


2500 
2500 


500 


EXPLANATORY Note.—The need for a wider 
range of gradings for use in the Standard 
Method of Test for Abrasion of Coarse Aggre- 
gate by Use of the Los Angeles Machine 
(C 131 — 39) has been met in part by the revi- 
sions presented this year by Committees C-9 
and D-4. The new gradings C and D provide, 
in particular, for tests of the finer sizes used 
in concrete and in bituminous surface treat- 
ments. However, a further expansion in the 
range of gradings is needed to permit of tests 
of larger sizes of concrete aggregates and of 
aggregates such as are required for penetration 
macadam, water-bound macadam and other 
types of construction utilizing the coarser 
materials. 

Gradings A and B, specified in the method 
as first adopted by the Society in 1937, require 
abrasive charges of 12 and 11 steel or cast iron 
spheres, approximately 1} in. in diameter, 
respectively. Research leading to the de- 
velopment of the test method showed these 
charges and gradings to give substantially the 
same results for the same materials. Simi- 
larly, the new gradings C and D requiring 8 
and 6 of the same spheres have been demon- 
strated to give approximately the same results. 
The data for these four gradings indicate the 
abrasive charges required for similar losses in 
tests of material from the same source to be 
a logarithmic function of the surface area of 
the test sample. 

Based on the relationship referred to, the 
committees proposed at their spring meetings 
to include requirements for a coarser grading 
consisting of 2500 g. of 24- to 2-in. mate 
and 2500 g. of 2- to 1}-in. material tested with 
an abrasive charge of 15 of the steel or cast 
iron spheres. Subsequent tests showed the 
losses thus obtained to be, with minor - 
tions, considerably lower than those found 
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jp the four gradings and charges specified 
» the proposed revised test method. Also 
ysts made with more than 15 spheres as the 
brsive charge failed to show proportionate 
screases in loss. Accordingly, the recom- 
sndation of the coarser grading was with- 
iawn at the June meeting. 

In withdrawing that recommendation the 
onmittees instructed the subcommittees 
wing the test method in charge to prepare 
ue preceding statement in explanation of the 
ysis for the revisions and to point to the need 
orfurther investigation. 


Committee D-4 joins Committee C-9 
in recommending that this revision be 
«cepted for publication as a tentative 
evision of the existing standard. 


III. ADOPTION OF TENTATIVE 
STANDARDS AS STANDARD 


The Committee recommends that the 
lowing specifications and methods of 
st be approved for reference to letter 
allot of the Society for adoption as 
standard without revision: 

Tentative Specifications for Preformed Ex- 
ansion Joint Fillers for Concrete (Nonextrud- 
gand Resilient Types) (D 544 - 39 T),6 
Tentative Methods of Testing Preformed 

ansion Joint Fillers for Concrete (Nonex- 
nding and Resilient Types) (D 545 - 39 T),® 


lentative Method of Test for Sieve Analysis 
Mineral Filler (D 546 — 39 T).® 


EDITORIAL CHANGES IN STANDARD 
AND TENTATIVE STANDARD 


tandard Method of Test for Distilla- 
h of Cut-Back Asphaltic Products 
36).-—Committee D-4 recom- 
iends that the following addition be 

porated in this standard and ac- 
led as an editorial correction. This 
eliminates the possibility of 
iflict in other requirements of the 
thod and is in the interest of simplifi- 

mand accuracy: 

ction 6 (a).—Change the second 
“tence to read as follows by the addi- 
n of the italicized words: 

9 wane of A.S.T.M. Standards, Part II, pp. 1015, 
Ibid., p. 394, 
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The distillation shall be conducted at the 
rate of between 50 and 70 drops per min., except 
that near the end of the distillation the heat input 
shall not be so rapid as to result in a temperature 
in excess of 360 C. (680 F.) after the flame has been 
removed. 


Tentative Method of Test for Loss on 
Heating of Oil and Asphaltic Compounds 
(D 6 39 T)8—Committee D-4 recom- 
mends that the following addition be 
incorporated in this tentative method 
and accepted as an editorial correction 
as the change does not in any way alter 
the intent or meaning of the method of 
test but is in the interest of accuracy: 

Section 4 (a).—Change the first sen- 
tence to read as follows by the addition 
of the italicized words and figures and 
the omission of the word in brackets: 

A 50.0 + 0.5 g. sample of the water-free 
material to be tested shall be [weighed] placed 
in[to] a taredcontainerconforming to the require- 
ments of Section 2 (c) and weighed to the nearest 
0.01 g. If the material has been heated to facili- 
tate transfer, the sample shall be cooled to room 
temperature before making this initial weighing. 

Change the last sentence to read as 
follows by the addition of the italicized 
words and figures: 

At the conclusion of the heating period the 
sample shall be removed from the oven, cooled 


to room temperature, weighed to the nearest 0.01 g. 
and the loss due to heating calculated. 


V. TENTATIVE STANDARDS CONTINUED 
AS TENTATIVE 
Committee D-4 recommends that the 
following specifications and methods of 
test be continued as tentative: 


Tentative Specifications for: 
Asphalt Filler for Brick Pavements (D 241 — 
39 T), 
Crushed Slag for Bituminous Concrete Base 
and Surface Courses (D 485 — 38 T), 
Crushed Stone for Bituminous Concrete Base 
and Surface Courses (D 486 — 39 T), 
Crushed Slag for Water-Bound Base and Sur- 
face Courses (D 488 — 38 T), 
Tar (D 490 - 38 T), 
Tentative Method of: 


Test for Loss on Heating of Oil and Asphaltic 
Compounds (D 6 — 39 T). 


81939 Book of A.S.T.M. Standards, Part II, p. — 
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REPORT OF COMMITTEE D-4 


Proposed revisions of the following 
standards and tentative standards have 
been referred to letter ballot of Com- 
mittee D-4 for recommendation to the 
Society subsequent to the annual meet- 
ing through Committee E-10 on Stand- 


Revisions of: 


Tentative Specifications for Standard Sizes 
of Coarse Aggregate for Highway Con- 
struction (D 448 — 37 T), 

Tentative Specifications for Crushed Slag 
for Bituminous Macadam Base and Sur- 
face Courses (D 487 - 39 T), 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 
Ballots 
Marked 
“Not 

Voting”’ 


I. New TENTATIVE STANDARDS 

Test for Modified Miscibility 
of Emulsified Asphalt 

Test for Cement Mixing of | 
Emulsified Asphalt 


Affirma- 
tive 


Nega- 


Items tive 


II. TENTATIVE REVISION OF 
STANDARD 


Test for Abrasion of Coarse 
Aggregate by Use of the Los 
Angeles Machine (C 131 - 39). 


III. Apoption oF- TENTATIVE 
STANDARDS AS STANDARD 


Spec. for a i Expansion 
Joint Filler for Concrete | 
(Nonextruding and Resilient 
Types) (D 544 - 39 T) 

Testing Preformed Expansion | 
Joint Fillers for Concrete | 
(Nonextruding and Resilient | 
Types) (D 545 - 39 T) | 77 1 

Test for Sieve Analysis of | 
Mineral Filler (D 546-39 T). 80 0 x 


“The vote on the acceptance as tentative of the 
Pro Tentative Methods of Test for Moditied Mis- 
cibility and Cement Mixing of Emulsitied Asphalts 
(D 244-41 T), based on a classification of the results 
when a division is required was as follows: Affirmative: 
9 producers, 20 consumers, 8 general interests; negative: 
7 producers, 1 consumer, 2 general interests. 


Tentative Specifications for Crushed Stone 
for Bituminous Macadam and Base Surface 
Courses, (D 192-39T), and 

Tentative Methods of Sampling Bituminoys 
Materials (D 140 - 39 T). 

Tentative Revisions of: 


Standard Method of Test for Ductility : 
Bituminous Materials (D 113-39), ay 
Standard Methods of Chemical 

Calcium Chloride (D 345 — 34). 


The committee also has under con- 
sideration a Proposed Volume Correction 
Table for Tar and Coal-Tar Pitch which 
will be presented to the Society for 
publication as tentative, jointly with 
Committee D-8 on Bituminous Water- 
proofing and Roofing Materials, sub- 
sequent to the annual meeting through 
Committee E-10 on Standards.’ 


The recommendations appearing it 
this report have been submitted to letter 
ballot of the committee which consists 
of 129 members, with the results shown 
in Table I. 


This report has been submitted t 
letter ballot of the committee whic 
consists of 129 members; 93 members 
returned their ballots, of whom 81 ha 
voted affirmatively and 0 negativel) 


Respectfully submitted on. behalt 
the committee, 
J. E. Myers 
Chairma 


Prevost HUBBARD, 


Secretary, 


EDITORIAL NOTE 


‘Subsequent to the annual meeting, Committee D-4 presented to the Society 
through Committee E-10 on Standards the following recommendations: 


New Tentative Specifications for: 
_ Slow-Setting Emulsified Asphalt (for Fine Aggregate Mixes) (D 631-417), 
Sodium Chloride (D 632 - 41 T), : 
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New Tentative: 
Volume Correction Table for Tar and Coal- Tar Pitch (D 633 - 41 T), 
submitted jointly with Committee D-8, 
Revision of Tentative Specifications for: 


Standard Sizes of Coarse Aggregate for Highway Construction 
(D 448 - 37 T), 

Crushed Slag for Bituminous Macadam Base and Surface Courses 
(D 487 - 39 T), 

Crushed Stone for Bituminous Macadam Base and Surface Courses 
(D 192 - 39 T), 

Revision of Tentative Methods of: 
Sampling Bituminous Materials (D 140 - 39 T), 


Tentative Revisions of Standard Methods of: 
Test for Ductility of Bituminous Materials (D 113 - 39), and 
Methods of Chemical Analysis of Calcium.Chloride (D 345 — 34). 


These recommendations were accepted by Committee E-10 on August 25, 
1941, and the new and revised tentative standards as well as the tentative 
revisions appear in the 1941 Supplement to Book of A.S.T.M. Standards, Part 
II, pp. 341, 340, 350, 332, 334, 337, 343, 425, and 424. 


| 
| 
urface * @ 
ity 
i 
 COn- 
ection 
which 
with 
Vater- 
sub- 
rough > 
| 
| | 
— 


RE PORT OF COMMITTEE D-5 
ON 
COAL AND COKE 


Subbituminous Coals 
A.S.A. M 20.4 — 1939). 


Committee D-5 on Coal and Coke 
held a meeting in Washington, D. C., 


(D 493 - 39. 


{ 


on March 4, 1941; another meeting will 
be held at the annual meeting of the 
Society in June 1941, in Chicago, Ill. 

During the year arrangements were 
completed for the merging of Sectional 
Committee M20 on Classification of 
Coals with Committee D-5. All organi- 
zations formerly represented on Sec- 
tional Committee M20 that desired 
representation on Committee D-5 were 
added to the committee. The scope of 
Committee D-5 has been enlarged to 
cover specifications for the classification 
of coals and now reads as follows: 


Scope.—The formulation of methods of sam- 
pling, analysis, and testing, and specifications 
for coal and coke; and of specifications for the 
classification of coals on the basis of chemical 
and physical characteristics for domestic and 
industrial use. 

A new subcommittee designated as 
Subcommittee XVIII on Classification 
of Coals, under the chairmanship of 
H. J. Rose, consisting of 21 members, 
has been formed to have jurisdiction 
over matters pertaining to coal classifica- 
tion. The standards for coal classifica- 
tion formulated by Sectional Com- 
mittee M20, which are now under the 
sponsorship of Committee D-5, are the 
Standard Specifications for Classifica- 
tion of Coals by Rank (D 388 - 38; 
A.S.A. M 20.1-—1938), the Standard 
Specifications for Classification of Coals 
by Grade (D 389 - 37; A.S.A. M 20.2 - 
1937) and the Standard Definitions for 
Commercial Varieties of Bituminous and 


The scope of 
the new subcommittee on coal classifica- 
tion is as follows: 


Scope——The development and revision 
specifications and definitions for the classifica- 
tion of all coals from lignite to anthracite to be 
based upon such chemical and physical charac. 
teristics as will make the plan most readily 
adaptable to industrial and commercial use ona 
national scale. 

In 1939 the committee recommended 
to the Society for publication as tenta- 
tive the Method of Test for Index of 
Dustiness of Coal and Coke (D 547- 
39 T).!. This year this method is being 
recommended for adoption as standard. 

Because of failure to agree with other 
committees of the Society interested in 
the tentative definition of the term coke 
which has remained on the books of the 
Society in tentative form for many 
years, the committee is recommending 
that this Tentative Definition of the 
Term Coke (D 121 — 26 T) be withdrawn. 
The committee believes that any further 
attempts to formulate a definition 
coke should be initiated by Committe 
E-8 on Nomenclature and Definitions 

Subcommittee VIII on Foundry Coke 
Specifications has been discontinued as! 
does not seem to be feasible to prepa 
general specifications covering foundn 
coke. The present Standard Specific 
tions for Foundry Coke (D 17 - 16) att 
being withdrawn as they have vate 
their usefulness. 

The present membership of Cot 


1 1939 Book of A.S.T.M. Standards, Part III, p. 
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mittee D-5 is 53, of whom 14 are classi- 
fied as producers, 16 as consumers, and 
23 as general interest members. 


| ADOPTION OF TENTATIVE STANDARD 
AS STANDARD 


The committee recommends that the 
Tentative Method of Test for Index of 
Dustiness of Coal and Coke (D 547 - 
39T)! be approved for reference to 
letter ballot of the Society for adoption 
as standard. 


Il. WITHDRAWAL OF STANDARD AND 
TENTATIVE STANDARD 


It is recommended that the Tentative 
Definition of the Term Coke (D 121- 
26T)? and the Standard Specifications 
for Foundry Coke (D 17 — 16)* be with- 
drawn for the reasons mentioned earlier 
n this report. 


Ill. EprrorrAL CHANGE IN STANDARD 


The committee recommends that the 
note in Section 9 of the Standard 
Methods of Laboratory Sampling and 
Analysis of Coal and Coke (D 271- 
4))' be deleted when the 1942 Book of 
AS.T.M. Standards is published. This 
note reads as follows: 

Note.—For methods of greater accuracy see 
Report of Subcommittee II on Moisture, of 
the Joint Committee on Analysis of Coal. 

Considerable experimental work on 
nethods of greater accuracy for moisture 

s been done since the publication of 
the note in this standard. It is not 
believed desirable to complicate the 
standard by reference to such refined 
analytical procedures as they are hardly 
practical for use in the purchase and 
sale of coal. 

These recommendations have been 
submitted to letter ballot of the com- 
mittee which consists of 53 members; 

AS.T.M. Standards, Part III, p. 584. 

ey Stpplement to Book of A.S.T.M. Standards, Part 


AND COKE 


49 members returned their ballots, 
with the results shown in Table I. 


TABLE I. —ANALYSIS OF LE TTER BAL LOT VOTE. 


Affi N Ballots 
rma-| Nega- arke 
Items tive tive “Not 
Voting”’ 

I. ApopTION OF TENTATIVE 
STANDARD AS STANDARD 
Method of Test for Index of 
Dustiness of Coal and Coke 
(D 547 - 39 T) 


TI. WITHDRAWAL OF STANDARD 
AND TENTATIVE STANDARD 
Definition of the Term Coke 

Specifications for Foundry 
Coke (D 17 - 16). 


III. EprrortaL CHANGE IN 
STANDARD 

Methods of Laboratory Sam- 

pling and Analysis of Coal 

and Coke (D 271 - 40), elim- 

ination be note under Sec- 

tion 9. 39 0 10 


ACTIVITIES OF 


Subcommittee I on Methods of Testing 
(W. A. Selvig, chairman).—A meeting 
of the subcommittee was held on March 
3, 1941, in Washington, D. C. Since 
trouble is sometimes experienced in 
determining ash of coals unusually high 
in calcite and pyrite in getting close 
agreement between the results of tests 
made in different laboratories, a special 
section of the subcommittee was or- 
ganized to study the subject. This 
section consists of W. D. Langtry, 
chairman, C. A. Lunn, and O. W. Rees. 
At its meeting the subcommittee ap- 
proved a note prepared by the special 
section for insertion in the Standard 
Methods of Laboratory Sampling and 
Analysis of Coal and Coke (D 271 — 40) 
giving instructions for determining ash 
in these types of coals. This note, 
which reads as follows, will be presented 
to Committee D-5 for consideration at 
the next meeting: 


Norte.— Difficulty may be experienced in 
securing satisfactory check determinations of 
ash in the same or different laboratories for — 


| 
. 
| 
on 
. 
‘| 


Report oF ComMittEE D-5 
coals ae high in calcite - —_— b Experimental work is being conducted Sul 
is caused by varying amounts of sullate sulfur on volumetric m f ee 
being retained in the ash. When such difficulty if acleri: 
is encountered, or when coals of relatively high © SUMUF In Coal and co yo Check chairr 
ash content whose mineral matter composition determinations of coal ash fusibility are meeti 
_ is unknown are encountered, the ash should be in progress on a series of coal ashes City 
determined by the following modified proce- covering a wide range in fusibility using uly; 
_. gas-fired and electrically heated 
(a) Place the porcelain capsules containing Sains s : y by th 
the dried coal from the moisture determination ‘UFNaces to obtain data as how best to the ] 
in a cold mufile furnace and heat gradually so specify the furnace atmospheres, ‘a a 
that the temperature reaches 500 C. in 1 hr., Trouble has been experienced in some aa 
and 750 C. in 2hr., Heat to constant weight at instances when using manufactured gas 
750 C. By this means pyritic sulfur will be h sults 
oxidized and expelled before the calcite is de- 
composed. An ample supply of air in the reducing as specified in the tentative ventat 
muffle must be assured at all times to insure revision® of the Standard Methods of howe 
complete oxidation of the pyritic sulfur and Laboratory Sampling and Analysis of h 
proper circulation through the muffle must be Coal and Coke (D 271 — 40) the tv 
assured to remove the SO; formed. Sub ‘ee IT versio! 
(b) The modified procedure described in on vomenc ‘ature and believe 
Paragraph (a) should be adequate for deter- Definitions (H. C. Porter, chairman).— shle 
mining ash in all troublesome commercial This subcommittee held a meeting in nail 
However, — be Washington, D. C., on March 3, 1941. 
tered In certain specia’ studies whase as) values At this meeting it was voted to with- 
are quite high and whose mineral matter con- _ termin 
tains much greater than normal amounts of draw the present Tentative Definition sized 1 
calcite and pyrite. In such cases sulfate sulfur of the Term Coke (D 121 — 26 T) which applic. 
should be determined on the ash obtained by the has remained in tentative form for so bc 
modified cold muffle method and the value many years because of failure to formu- ail | 
properly corrected, or sett Parr* sulfated ash ate a definition acceptable to both a 
method as modified by Rees? should be used. Committee D-5 and to Committee D-2 The 
SSS on Petroleum Products and Lubricants. Grind: 
@S.W. Parr, ‘Chemical Study of Illinois Coal,” Bulleti TL: F 
p. 35, Coal Mining State This action was taken in compliance Machi 
Geological S , Urbana, Ill. (1916). 
TOW. fees, “Hictemuiaias Ash in High Carbonate with a request from the Executive Com- | by the 
Coals. Study of the Modified Method,” Industrial and mittee of the Society. Committee D-5 ‘ 
Engineering Chemistry, Analytical Edition, Vol. 9, pp. : is are to 
307-309 (1937). has requested Committee E-8 on Nomen- Sub 
clature and Definitions to take the Specifi 
Subcommittee I has taken action  jnitiative in formulating a definition man), 
recommending for adoption as standard of coke. is he 
the tentative revision® of Section 43 of The subcommittee has recommended ton, D 
the Standard Methods of Laboratory that Committee D-5 record its approval nee 
Sampling and Analysis of Coal and Coke of the alternative use of the terms feasib 
(D 271-40) which revision pertains to “calorific value” and “heat of combus- for fou 
tolerances for the volatile matter deter- tion’ to express the quantity of heat recomr 
mination. This revision is considered 4eveloped by combustion and the wo it be « 
of minor nature so will not be presented ne DS loundr 
to the Society until the time of the contint 
Ww 
publication of the 1942 Book of A.S.T.M. “ie necessitate so on The 
Tentative Definitions of the for Fy 
Gross Calorific Value and Net Caloric outlive 
5 1940 Supplement to Book of A.S.T.M. Standards, P: Value of Fuels (D 407-357) whi oo 
being continued as tentative. frien 
(1 


a 
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Subcommittee VII on Pulverizing Char- 
uteristics of Coal (John Van Brunt, 
chairman).—This subcommittee held a 
meeting on June 27, 1940, in Atlantic 
City, N. J. Some cooperative work has 
been done in testing coal grindability 
ty the two tentative methods, namely, 
the Ball-Mill Method (D 408 - 37 T) 
and the Hardgrove-Machine Method 
)409- 37 T), and correlating the re- 
ults to evaluate the conversion data as 
given in the Appendix to each of these 
tentative standards. These tests 
showed satisfactory agreement between 
the two methods when using the con- 
version data as published, but it is 
believed that more such tests are desir- 
able. The subcommittee has under 
consideration the feasibility of using the 
w-called ‘Lea-Nurse” method® for de- 
termining specific surfaces of finely 
ized material as this method might be 
applicable to grindability tests in 
measuring the reduction of size of the 
coal particles in the testing procedures, 
which is now done by screening methods. 
The Tentative Methods of Test for 
Grindability of Coal by the Hardgrove- 
Machine Method (D 409-37 T) and 
ty the Ball-Mill Method (D 408 — 37 T) 
are to be continued as tentative. 
Subcommittee VIII on Foundry Coke 
\pecifications (J. T. MacKenzie, chair- 
nan).—A meeting of the subcommittee 
vas held on March 3, 1941, in Washing- 
tn, D.C. After much study, the sub- 
committee has decided that it is not 
‘asible to prepare general specifications 
‘ot foundry coke so the subcommittee 
tcommended to Committee D-5 that 
be dismissed and efforts to prepare 
indry coke specifications be dis- 
ntinued. 
The present Standard Specifications 
Foundry Coke (D 17-16) have 
lived their usefulness. The larger 


>t: M, Lea and R. W. Nurse, “Specific Surface of 


Tas sera Soc. Chemical Industry, Vol. 58, pp. 


consumers of foundry coke prepare 
their own specifications based on the 
particular use for the coke. The smaller 
consumer usually purchases coke, which 
by trial, has been. found to be satis- 
factory. The - subcommittee recom- 
mended to Committee D-5 that these 
standard specifications be withdrawn, 
and this recommendation was approved 
by the committee. 

Subcommittee XI on Coal Friability 
(R. E. Gilmore, chairman).—The sub- 
committee has accumulated data show- 
ing the need of revision of the Tentative 
Methods of Drop Shatter Test for Coal 
(D 440-37 T) and Tumbler Test for 
Coal (D 441-37T). These tests are 
therefore being continued as tentative. 

Subcommittee XIII on Coal Sampling 
(H. F. Hebley, chairman).—The sub- 
committee is continuing as tentative 
the Method of Sampling Coals Classed 
According to Ash Content (D 492 - 
40 T). It is planned to investigate 
next methods of sampling coal for 
determination of total moisture as this 
determination is of considerable im- 
portance. The collection and reduction 
of samples representing wet coal such 
as encountered at many cleaning plants 
requires special precautions to prevent 
losses of moisture and it sometimes be- 
comes quite a problem as to how such 
coals can best be sampled for moisture 
content. 

Subcommittee XIV on Dustiness of 
Coal and Coke (O. O. Malleis, chair- 
man).—This subcommittee recom- 
mended for adoption as_ standard 
without revision the Tentative Method 
of Test for Index of Dustiness of Coal 
and Coke (D547-39T). Since its 
publication as tentative in 1939 this 
method has been used by various labora- 
tories with satisfactory results. 

Subcommittee XVI on Ignitibility of 
Coal and Coke (R. A. Sherman, chair- 
man).—Investigations have been con- 
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ducted at Battelle Memorial Institute 
on the various factors that affect a 
method for determination of ignition 
temperature of coal and coke developed 
in the Coal Research Laboratory of the 
Carnegie Institute of Technology. A 
paper covering this investigation by 
Ralph A. Sherman, J. M. Pilcher, and 
H. N. Ostborg on “A Laboratory Test 
for the Ignitibility of Coal’? is to be 
presented at this annual meeting of the 
Society. The test method gives re- 
producible results which seem to measure 
an inherent characteristic of a fuel. 


Further work is in progress to determine 


7 Published in ASTM Buttetin, No. 


4941, p. 23. 


112, October, 


whether the ignitibility hen can he 
correlated with burning characteristics 


of various coals. 


This report has been submitted to 
letter ballot of the committee which 
consists of 53 members; 45 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
A. C. Fre 
Chairman. 
W. A. SELvIG, 
Secretary. 
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REPORT OF COMMITTEE D-6 


ON 


PAPER AND PAPER PRODUCTS 


Committee D-6 on Paper and Paper 
Products held two meetings during the 
year: on June 25, 1940, in Atlantic City, 
X. J, and on October 18, 1940, in 
Washington, D. C. 

Cooperative relations are being con- 
tinued between Committee D-6 and 
Committee D-9 on Electrical Insulating 
Materials. Committee D-9 repre- 
ented on Committee D-6 by R. W. 
Chadbourne, and Committee D-6 is 
represented on Committee D-9 by J. M. 
finch. A subcommittee has been 
imed consisting of three members 
om Committee D-6 and three members 
om Committee D-9 that is looking into 

i question of pH (hydrogen ion 

neentration) of paper. The three 
representatives of Committee D-6 to 
this joint subcommittee are Miss Helen 

Kiely, Mr. M. S. Kantrowitz, and Mr. 
|. M. Finch. 

In addition, cooperative relations are 
ing carried on between Committee D-6 

| Committee C-16 on Thermal Insu- 

iting Materials, the Committee D-6 
presentative being C. C. Heritage. 

Committee D-6 is also doing coopera- 
ve work with Committee E-1 on 
tthods of Testing having W. R. 
lets as a representative on Technical 

mittee III on Particle Size and 
pe, L. S. Reid on Technical Com- 
tee X on Conditioning and Weather- 

, and M. S. Kantrowitz on Technical 
XIIT on Hydrogen Ion 
elerminations. 
| Cooperation between the Society and 
“t Technical Association of Pulp and 
“aper Industry has been carried out 


during the year through the Joint 
ASTM-TAPPI Committee on Paper 
Testing Methods. G. H. Harnden and 
R. C. Griffin represent Committee D-6 
on this Joint Committee. 

During the year D. L. Quinn resigned 
as chairman of Subcommittee IV on 
Fiberboard and Fiberboard Containers 
and R. L. Beach was appointed as the 
new chairman of this subcommittee. 
Captain J. M. Berry who formerly 
represented the National Association of 
Purchasing Agents, is now the repre- 
sentative of the U. S. War Dept. One 


member, C. E. Curran was lost by death. 
The following additions in membership 
have been approved during the year: 


E. D. Beach, General Fibre Box Co. 

K. P. Geohegan, Aetna Paper Co. 

C. P. Kirchen, Hollingsworth & Vose Co. 

W. B. Lincoln, Inland Container Corp. 

R. J. Hemphill, General Electric Co. 

P. P. Kennedy, E. I. du Pont de Nemours 
and Co., Inc. 

E. A. Georgi, Hercules Powder Co., Inc. 

D. C. Scott, Jr., Henry L. Scott Co. 

W. L. Foote, B. F. Perkins Co., 

G. L. Sheldon Nat. Assn. Purchasing Agents. 


At the present time the committee 
consists of 62 members, of whom 53 are 
voting members; 22 are classified as 
producer, 17 as consumer, and 14 as 
general interest members. 


ADOPTION OF TENTATIVE STANDARDS AS 

STANDARD 

The committee recommends that the 

following four methods! of test be ap- 

proved for reference to letter ballot of 
the Society for adoption as standard: 


11939 Book of A.S.T.M. Standards, Part III, pp. 1051, 
1053, 1059, 1055. 
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REporRT OF CoMMITTEE D-6 


Tentative Methods of: 

Test for Bulking Thickness of 
(D 527 - 39 T), 

Test for Machine Direction of Paper 
(D 528 - 39 T), 

Test for Water-Soluble Acidity or Alkalinity 
of Paper (D 548 — 39 T), and 

Test for Resin in Paper (D 549 - 39 T). 


Paper 


These recommendations have been 
submitted to letter ballot of the com- 
mittee which consists of 53 voting 
members; 42 members returned their 
ballots, with the results shown in 
Table I. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Affirm- | Nega- 


Items ative tive 


ApoPpTion OF TENTATIVE 
STANDARDS AS STANDARD 


Test for Bulking eo of 
Paper (D 527 - 39 T 
Test for Machine Deccmaloa of 
Paper (D 528 - 39 T). 
Test for Water-Soluble Acid- 
x or Alkalinity of Paper 
548 39 T) 


be Resin in Paper (D 549 - 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Paper Testing 
Methods (W. E. Emley, chairman) has 
held a number of meetings during the 
year and has continued its critical study 
of the various methods of test which 
have been approved by T.A.P.P.I. and 
is active in developing new methods of 
test. 

The subcommittee has completed the 
following four new methods of test, 
appended? to this report as information, 
which will be submitted to the main 
committee for approval at the June 
meeting following which they will be 
presented to the Society through Com- 
mittee E-10 on Standards for publication 


as tentative: 


See Editorial p. 377. 


Methods of: 


Test for Folding Endurance of Paper, 
Test for Basis Weight of Paper, 


Test for Thickness of Paper and Paper 


Products, and 
Test for Moisture in Paper. 


The four tentative methods which are 
being recommended for adoption as 
standard, as mentioned earlier in this 
report, are under the jurisdiction of this 
subcommittee. 

At the present time methods on the 
following subjects are being given con- 
sideration by Subcommittee ‘I: 

. Absorption 

. Alkali Staining 

. Bursting Strength 

. Conditioning 

Curl 

Edge Tear 

Gloss 

. Hydrogen Ion Concentration 
. Pentosans 

. Ply Adhesion 

. Quantitative Determination of Coating 


of Paper a 


. Saturating Properties 
Permeability of C 


. Stiffness 
. Tearing Strength 
. Tensile Strength 
. Water Vapor 
tainers, etc. 
. Wire and Felt Sides. 
addition to the above, work has 
been completed on the following pr 
posed methods which have been turned 
over to the Joint ASTM-TAPPI Com 
mittee for action: 

Qualitative Examination of Mineral | 

and Mineral Coating of Paper, 

Air Resistance of Paper. 

Subcommittee II on Significance of Te! 
Methods (C. C. Heritage, chairman : 
two meetings during the year at wild 
further work was accomplished on the 
preparation of a monograph cover! 
the significance of test and on definition 
of terms, nomenclature, and properties 
of paper. It is planned to include 
this monograph a detailed discuss! 
concerning the application of various 
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tests used in evaluating different grades 
of paper. Information to be included 
will cover 23 types of tests such as burst- 
ing test, tearing test, folding endurance 
test, etc., on ten different types of paper 
such a printing paper, wrapping paper, 
tissue paper, bond, ledger, index, en- 
velope paper, etc. The different mem- 
bers of this subcommittee have been 
assigned the preparation of various parts 
of this monograph and these parts are 
now being received for criticism and final 
editing. 

Subcommittee IV on Fiberboard and 
Fiberboard Containers (R. L. Beach, 
chairman) has held one meeting during 
the year. This subcommittee has ap- 
pointed five special subgroups to make 
studies on specific test methods such as 
compression tests, bursting tests, mois- 
ture content determination tests, drum 
test, and puncture test. A Proposed 


Method for Conditioning and a Method 
for Compression Test of Fiberboard and 
Fiberboard Containers have been pre- 
pared and approved by the subcommit- 
tee. These two methods will be 
presented to Committee D-6 at the June 
meeting for approval following which 
they will be submitted to the Society 
through Committee E-10 on Standards 
for publication as tentative.” 


This report has been submitted to 
letter ballot of the committee which 
consists of 53 voting members; 42 mem- 
bers returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
Lewis S. Rem, 
Chairman. 
G. H. HARNDEN, 
Secretary. 


EpITORIAL NOTE 


Subsequent to the annual meeting, Committee D-6 presented to the Society 7 
through Committee E-10 on Standards the following recommendations: 


New Tentative Methods of: 


Conditioning Paperboard, Fiberboard, and Paperboard Containers for 


Testing (D 641 - 41 T), 


Compression Testing of Corrugated and Solid Fiber Boxes (D 642 — 41 T), 
Test for Folding Endurance of Paper (D 643 - 41 T), 
Test for Moisture in Paper (D 644 - 41 T), 


Test for Thickness of Paper and Paper Products (D 645 - 41 T), and 
Test for Basis Weight of Paper and Paper Products (D 646 - 41 T). 


These new tentative methods were accepted by Committee E-10 on August . 


25, 1941, and assigned the A.S.T.M. serial designations indicated above. These 
tentative standards appear in the 1941 Supplement to Book of A.S.T.M. 


Standards, Part III, pp. 584, 586, 589, 594, 596, and 599. 
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Committee D-7 on Timber presents 
herein a report of its activities during the 
past year. ‘The committee has held one 
formal meeting in Chicago, IIl., on March 
12, 1941. 

This committee has had a tentative 
specification and a tentative revision of 
a standard under its jurisdiction, both 
of which have remained in the tentative 
status for several years, either because 
action by cooperating societies was 
awaited, or because of the necessity for 
the development of further information. 
This year these have again been con- 
sidered, and action was taken at the 
meeting in Chicago to recommend their 
adoption as standard as indicated below. 


I. Apoption OF TENTATIVE STANDARD 
AS STANDARD 


The Tentative Method of Test for 
Tar Acids in Creosote and Creosote — 
Coal Tar Solutions (D 453 — 39 T)! has 
been retained in the tentative status 
because this method has been under 
consideration by the Preservatives Com- 
mittee of the American Wood-Preservers’ 
Association. The A.W.P.A. has now 
approved and adopted this method as 
standard. Committee D-7 therefore 
recommends that the Tentative Method 
D 453 — 39 T be approved for reference 
to letter ballot of the Society for adoption 
as standard. 


Il. ADOPTION AS STANDARD OF TENTA- 
TIVE REVISION OF STANDARD 


The committee recommends that the 
definition of water-gas tar, which has 
been published as tentative for a number 
of years, be approved for reference to 
letter ballot of the Society for adoption 

11939 Book of A.S.T.M. . Standards, Part II, p. 1 126. 


REPORT OF COMMITTEE D-7 


ON 


as standard to be added to the Standard 
Definitions of Terms Relating to Timber 
Preservatives (D 324-33),? with an 
editorial correction changing the word 
“flue” to “blue.” The definition as 
recommended for inclusion in the stand- 
ard reads as follows: 

Water-Gas Tar.—Tar produced in the manu- 
facture of carbureted water gas by the decom- 


position of petroleum oil by heat in the presence 
of blue gas. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 23 members; 23 members returned 
their ballots with the results shown in 
Table I. 

TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


5 | Ballots 

Theme Affirm- | Nega- [Marked 
ative | ative Not 

|Voting” 


I. Apoption OF TENTATIVE | 
STANDARD AS STANDARD 


Test for Tar Acids in Creosote 
and Creosote-Coal Tar Solu- | 
tions (D 453 - 39 T)......... |} 19 0 4 


II. Apoption As STANDARD 
oF TENTATIVE REVISION 
or STANDARD 
Definitions of Terms Relating 
to Timber Preservatives 


This report has been submitted t 
letter ballot of the committee which 
consists of 23 members; 23 members 
returned their ballots, of whom 22 have 
voted affirmatively, and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
HERMANN VON SCHRENK, 


Chairman 
J. A. NEWLIN, 


Secretary. 
21939 Book of A.S.T.M. Standards, Part Il, p- 
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REPORT OF COMMITTEE D-8 


ON 


BITUMINOUS WATERPROOFING AND ROOFING MATERIALS 


Committee D-8 on Bituminous Water- 
proofing and Roofing Materials has held 
two meetings during the past year: in 
\tlantic City, N. J., on June 27, 1940, 
und in Washington, D. C., on March 7, 
1941, 

Subsequent to the 1940 annual meet- 
ng, Committee D-8 recommended to 

e Society through Committee E-10 

Standards the withdrawal of the 
Standard Methods of Analysis of Roof- 

x Felt for Fiber Composition (D 272 

34). Reasons therefor were published 

in appendix to the 1939 annual report 

{Committee D-8. This recommenda- 

n was accepted by Committee E-10 

1 August 28, 1940.! 

Subcommittee IV on Membrane 
Materials (E. H. Berger, chairman) has 

ently prepared Proposed Specifica- 
s for Coal-Tar Pitch for Steep Built- 
Roofs, Dampproofing, and Water- 

roofing which will probably be referred 
etter ballot for recommendation to 
Society for publication as tentative 
rin the year. The proposed spec- 
tions are appended to this report as 
rmation. 


|. REVISIONS OF TENTATIVE STANDARDS 
During the past year the committee 
s been actively engaged in revising a 
imber of its tentative standards in 
der to make them more definite and 
‘ave them conform mere closely to 


In submitting this recommendation to Committee 
on Standards, Committee D-8 reported the results 
¢ letter ballot vote as follows: Of a voting member- 
of 60, 40 members returned their ballots, of whom 38 
4 affirmatively, 0 negatively, and 2 members marked 
ballot “not voting.” 


accepted good practice. As a result of 
this work the committee recommends 
that the following six tentative standards 
be revised as shown and continued as 
tentative: 


Tentative Specifications for Asphalt Roof- 
ing Surfaced with Powdered Talc or 
Mica (D 224 - 37 T)2 


Section 6.—Change to read as follows 
by the omission of the words in brackets: 

(a) The surface shall be smooth or [finely] 
veined in appearance. |Deeply ribbed surfaces 
shall be rejected.| 

Table I.—Change the values for 
weight per roll to read as follows by the 
addition of the italicized figures and the 
omission of those in brackets: 

65-lb. Grade Grade 
Min., lb. Min., 


Weight per roll, net aver- 


age per 108 sq. ft...... [62.0] 61.0 [52.0] 51.0 


Section 10 (a).—Add the following 
sentence at the end of this paragraph: 

If nails and lap cement are furnished sepa- 
rately, cloth covers or other end protection may 
be omitted from the ends of the rolls. 

Section 11 (a).—Change to read as 
follows by the addition of the italicized 
words and figures and the omission of 
those in brackets: 

11. (a) Natrs: 

(1) Dimensions.—The gage of 
shall be not greater than 


the wire 
Washburn & 
Moen No. 10 (0.135 in.) [and not] nor less than 


Washburn & Moen No. 12 (0.105in.). The head 
shall be not less than 3 in. in diameter, [and not] 
nor less than 0.025 in. in thickness. The shank 
shall be [between 3? and 1 in. in length, with its 
lower end pointed] not less than } in. in length 
and shall be [either] smooth, [or] barbed, or square 


2 1939 Book of A.S.T.M. Standards, Part IT, p. 1089. 
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Report or D-8 


and twisted (spiral). [and if the latter then] Jf ment and resubmit the lot after removal of those 


barbed, the barbing[s] shall not increase the di- packages not conforming to the specified re. , r 
ameter of the lower two thirds more than 0.01 quirements. in t 
in. The lower end of the shank shall be pointed. addi 
square and twisted (spiral), the cross-sectional figui 
_ area shall be equivalent to that specified above. Tentative Specifications for Asphalt brac 
(2) Protective Coating.—{The] Nails shall be Shingles Surfaced with Coarse Mineral N 
[zinc coated with not less than 4 nor more than Granules (D 225 - 37 T):3 
14 oz. per sq. ft. of nail surface. Hot-gal- ames ; on | 
- vanized, electrogalvanized, or sherardized coat- as th 
or sherardized, Section 1.—Add the following as 
and s resist four I-min. dips in a copper 
raph (0b), relettering the 
sulfate solution when tested in accordance with Parag ph (6), 6 present Width 
the Standard Method of Test for Uniformity of section as Paragraph (a): 
TABLE I.—PHYSICAL REQUIREMENTS OF ASPHALT SHINGLES. Area. . 
The form and size of the shingles shall be as agreed upon 
by the purchaser and the seller. 
Sufficient material per ‘“‘square’’ shall be furnished to 
adequately waterproot 100 sq. roof 
i i Not than 1.5 per cent volatile matte b Pliahil 
Behavior on heating to 176 F. (80 C.) for 2hr............ Pliabil 
suspended vertically. 
Behavi 
Grades 
_ Heavy Weight | Regular Weight 
Weight, net average per 108 00. ft......... om 
Weight of dry felt per 108 sq. ft..................... bie’ : . Weight 
Weight of saturant per 108 sq. ft.* Weight 
(Weight of weather side coating (so Weight 
(Weigh: 
ft.] 
(Weight 
[25.0] 20.0 (28.0) 2 Weight 
No.1 
[4.0] [4.0] sieve 
Weight 
ercent 
50.0 per cent | 15.0 per cent | 50.0 per cent | 15.0 per cent wicro 
@ The weight of saturant per 108 sq. ft. shall be not less than 1.75 times the weight of the dry felt. — 
Coating by the Preece Test (Copper Sulfate Dip) (b) Shingles supplied under these specifica: “he 
on Zinc-Coated (Galvanized) Iron or Steel Articles _ tions are intended to be used as follows with a 
(A.S.T.M. Designation: A 239) of the American “headlap’’* of not less than 2 in: addit 
Society for Testing Materials. . Type of Shingle Werther, in. Grade above 
(3) Quantity.— There shall be furnished per [ndividual (American, Regular Tenta 
“square” an average of not less than [an average Method) Heavy ral 
of] 252 nails for 36-in. roofing and not less than Regular 
[an average of] 275 nails for 32-in. roofing. Square Tab Strip Heavy - 0 
Regular 
New Section.—Add a new Section 14 Hexagonal Tab Strip a Sec 
covering Basis of Rejection to read as 
foll s J Individual shingles and shingles of special minin 
OuOws: shapes may also be applied by ma folloy 
14. Basis of Rejection —Failure to conform to agreed upon by the purchaser and t , gure 
any one of the requirements prescribed in these The shortest vertical brack 
specifications shall constitute grounds for re- of soul deck not covered by 
jection. In case of rejection, the seller shall preceding courses of shingles. Hs 


have the right to reinspect the rejected ship- 2 1939 Book of A.S.T.M. Standards, Part II, p. 10%. 
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a x BITUMINOUS WATERPROOFING AND ROOFING MATERIALS 


Table I.—Change to read as prescribed 
in the accompanying Table I by the 
addition of the italicized words and 
figures and the omission of those in 
brackets. 

New Section.—Add a new Section 13 
on Basis of Rejection to read the same 
as the new Section 14 recommended for 


TABLE II.—PHYSICAL REQUIREMENTS OF ASPHALT ROOFING. 
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15-Ib. 


Type 
Minimum weight of saturated felt 


per 100 sq. ft. (exclusive of wrap- 

ping and packing material), lb.. 14 [29] 28 

New Section.—Add a new Section 16 
on Basis of Rejection to read the same 
as the new Section 14 recommended for 


addition to Specifications D 224 — 37 T, 
above. 


30-Ib. 
Type 


~ 


Behavior on heating to 176 F. (80 C.) for 2 hr 


The roofing shall be put up in rolls and shall be either 36 or 
32 in. in width, as may be specified, within a permissible 
variation of +% in. 

[The average area of the rolls examined shall contain not 
less than 108 or 216 sq. ft., as specified, which shall be 
sufficient to cover 100 or 200 sq. {t., respectively, of roof 
surface.] 

The rolls examined shall contain sufficient roofing to cover 
100 sq. ft. of roof surface. (108 $4. fis with 2 in. or no 
lapping edge, or 111 sq. ft. with 3-in. lapping edge.) 

At least 8 strips out of 10 shall not crack when bent 90 
ona, at a uniform speed over a rounded corner of -in. 
radius. 

Not more than 1.5 per cent volatile matter loss. There 
shall be no flowing, sagging, blistering, or absorption 
of the asphalt coatings. 


Weight per roll, net average per 108 sq. ft 

Weight of dry felt per 108 sq. ft 

Weight of saturant (soluble in CS2) per 108 sq. ft.%........ 
ne of weather side coating (soluble in CSz) per 108 sq. 


65-lb. Grade 55-lb. Grade 


Max., Ib. Min., Ib. Max., Ib. 


{15.0] 


20.0 20.0 


17.0 
[10.0] 


50.0 per cent 


15.0 per cent 


12.0 
[10.0] 


50.0 per cent 


15.0 per cent 


60.0 50.0 


° The weight of saturant per 108 sq. ft. shall be not less than 1.6 times the weight of the dry felt. 


addition to Specifications D 224 - 37 T, 


above, 


Tentative Specifications for Asphalt-Satu- 
rated Roofing Felt for Use in Water- 
proofing and in Constructing Built-Up 
Roofs (D 226 - 38 T):4 


Section 6.—Change the values for 
minimum weight in the table to read as 
lollows by the addition of the italicized 


igures and the omission of those in 
brackets: 


‘1939 Book of A.S.T.M. Standards, Part II, p. 1076. 
Ibid., p. 1086. 


Tentative Specifications for-Asphalt Roof- 


ing Surfaced with Fine Mineral Gran- ; 


ules (D 248 —- 37 T)3 


Section 6.—Change to read as follows 
by the addition of the italicized words 
and figures and the omission of those in 
brackets: 


(a) The surface of the weather side shall be 
uniform in finish and texture. {smooth or finely 
veined in appearance. Deeply ribbed surfaces 
shall be rejected] The mineral surfacing shall be 
distributed over the entire surface (except as noted 
in Paragraph (b)) in a uniform layer and shall 
be securely embedded in the asphalt coating. 
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Weight of weather side coating per 108 sq. ft.... 10.0 
20.0 Weight of weather side mineral matter per 108 sq. ft. passing , : 
No. 14(1410-micron) and retained on No. 100 (149-micron) 7 
1 Weight of mineral matter per 108 sq. ft. passing No. 100 a 
Percentage by weight of mineral matter passing No. 100 (149- : 
micron) sieve onthe basis of the sum of bitumen in the coatings 
0 and the mineral matter passing No. 100 (149-micron) sieve 
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(b) The coating and surfacing shall [be applied 
uniformly and of approximately equal thickness 
on both sides and up to <he edges of the sheet] 
cover the entire weather side of the roofing except 
that this side may be provided with a lapping edge 
approximately 2 or 3 in. in width along one edge 
where either the surfacing alone or both surfacing 
and coating may be omitted. If the edge is coated 
but not surfaced with mineral, a thin paper may 
be used to prevent sticking. 


Table I.—Change to read as pre- 
scribed in the accompanying Table II 


Report or Commitree D-8 


Where the roofing is intended for application 
by the blind nailing method and is provided with 
a 3-in. selvage, 150 nails per ‘“‘square” shall be 
furnished on a basis of 36-in. roofing. 

Section 11 (b).—At the end of this 
paragraph add the following sentence: 

Where the roofing is intended for application 
by the blind nailing method, there shall be 
furnished 2 pt. of a suitable quick-setting 
asphaltic cement for each roll of one “square.” 

New Section.—Add a new Section 14 
on Basis of Rejection to read the same 


TABLE III.—PHYSICAL REQUIREMENTS OF ASPHALT ROOFING. 


Behavior on heating to 176 F. (80 C.) for 2 hr 


The roofing shall be put up in rolls and 
shall be either 36 or 32 in. in width, 


The average area of the rolls examined 
shall contain sufficient roofing to cover 
100 sq. ft. of roof surface (108 sq. ft. 
with 2 in. or no bare lapping edge, or 
111 sq. ft. with 3-in. lapping edge 

At least 8 strips out of 10 shall not crack 
when bent 90 deg. at a uniform speed 
over a rounded corner of %-in. radius 

Not more than 1.5 per cent volatile mat 
ter loss. The granular surfacing sha 
not slide more than }¢ in. when sus 
pended vertically. 


Weight per roll, net average: 
No bare edge 
2 or 3-in. bare edge 
Weight of dry felt per 108 sq. ft 
Weight of saturant (soluble in CS2) per 108 sq. ft.? 


{Weight of weather side coating (soluble in CS2) per 108 sq. ft.) etches 
{Weight of reverse side coating (soluble in CS2) per 108 sq. ft.]... 


Weight of weather side mineral filled coating per 108 sq. ft. 


Weight of mineral matter per 108 sq. ft. passing No. 6 (3360-micron) and re- 


tained on No. 100 (149-micron) sieve. . : 


[Weight of mineral matter per 108 sq. ft. passing No. 100 (149-micron) sieve]. . 
Percentage by weight of mineral matter passing No. 100 (149-micron) sieve on 
the basis of the sum of the bitumen in the coatings and the mineral matter 


passing No. 100 (149-micron) sieve per 108 sq. ft. 


Weight of any 108 sq. ft. roll of [complete] roofing in the shipment (coarse 


Max., lb. 


Min., lb. 


[25.0] 20.0 
[4.0] 


15.0 per 


50.0 per cent 


@ The weight of saturant per 108 sq. ft. shall be not less than 1.6 times the weight of the dry felt. 


by the addition of the italicized words 
and figures and the omission of those in 
brackets. 

Section 10 (a).—Omit the fourth 
sentence which reads as follows: “The 
ends of the rolls shall be protected with 
cloth covers or by other suitable means.” 

Section 11 (a).—Make the same change 
in this section as recommended in Sec- 
tion 11 (a) of Specifications D 224 — 37 
T, above, and at the end of item (3) 
on Quantity in the revised Paragraph 


(a), add the following sentence: 
* 


as the new Section 14 recommended for 

addition to Specifications D 224 - 371, 

above. 

Tentative Specifications for Asphalt R 
ing Surfaced with Coarse Mine 
Granules (D 249 — 37 T): 


Table I.—Change to read as pre 
scribed in the accompanying Table Ht 
by the addition of the italicized words 
and figures and the omission of those 
in brackets. 


6 1939 Book of A.S.T.M. Standards, Part Il, p- 108 
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On BITUMINOUS WATERPROOFING AND ROOFING MATERIALS 8 


Section 8 (a).—Make the same change Tentative Specifications for Asphalt Cap 
in this section as recommended in Sheet Surfaced with Coarse Mineral 
Section 10 (a) of Specifications D 248 Granules (D 371 — 37 T):7 
-37 T, above. Title—Change the title to read as 

Section 9 (a).—Make the same change fo}Jows by addition of the italicized 
in this section, except as indicated below, words and the omission of those in 
as recommended in Section 11 (a) of brackets: 

Specifications D 224-37 T, above. At Tentative Specifications for [Asphalt 
the end of item (3) on Quantity in the Cap Sheet] Wide Selvage Asphalt 
TABLE IV.—PHYSICAL REQUIREMENTS FOR ASPHALT CAP SHEET. 


The roofing shall be put up in rolls and shall be either 36 
or 32 in. in width, as may be specified, within a permis- 
sible variation of +14 in. 

The average area of the rolls examined shall contain suffi- 
cient roofing to cover 50 sq. ft. of roof surface: for 
roofing 32 in. in width, 107.3 sq. ft. + 5 per cent, and for 
roofing 36 in. in width, 106.8 sq. ft. + 5 per cent. 

Pliability at 77 F. (25 C.)* At least 8 strips out of 10 from the granule- reustaned pee. 

tion shall not crack when bent 90 deg. at a unifo 
speed over a rounded corner of 34-in. radius. 

Behavior on heating to 176 F. (80 C.) for 2 hr.?............ Not more than 1.5 per cent volatile matter loss. The 

° granular surfacing shal! not slide more than 4 in. when 
suspended vertically. 


45-lb. Grade 55-lb. Grade 


Ib. Min., Ib. Max., lb. 


Veight per roll, net average aie 42.0 
of dry felt per 108 sq. ft 
Weight of saturant (soluble in CSz) per 108 sq. {11.0} 10.0 
Weight of coating (soluble in CS2) per 108 sq. ft.*].. ; (20] [12] [20] 
ight of weather side mineral filled coating per 108 sq. ft. a 35.0 16.0 35.0 
ght of weather side mineral matter [per 108 sq. ft.) 
ing No. 6 (3360-micron) and retained on No. 100 ‘ 
19-micron) sieve per 108 sq. ft.*.. [40] [25] 20.0 [40] [25] 20.0 
it of mineral matter per 108 sq. ft. passing No. 100 
{9-micron) sieve®].. {10} [4] [10] (4] 
nlage by weight of mineral matter passing No. 100 (149- 
ron) sieve on the basis of the sum of the bitumen in the 
ings and the mineral matter passing No. 100 (149- 
ron) sieve per 108 sq. ft. 50.0 per cent | 15.0 per cent | 50.0 per cent | 15.0 per cent 
t of dead 108 sq. ft. roll of [complete] roofing i in ship- | 
t 


40.0 50.0 


sranule-surfaced portion. 
The weight of saturant per 108 sq. ft. shall be not less than [1.5] /.4 times the weight of the dry felt on the 45-Ib. 
,and 1.6 times the weight of the dry felt on the 55-lb. grade. 


revised Paragraph (a), add the follow- Roofing Surfaced with Coarse Mineral 
8 sentence: Granules 
Where the roofing is intended for application Section 7 (c). Change to Tead as 
the blind nailing method, and is provided follows by the addition of the italicized 
a 3-in. selvage, 150 nails per “square” words and the omission of those in 
be furnished on a basis of 36-in. roofing. brackets: 
aie 9 (0). Make the same change The reverse side of the sheet [shall not be 
this section as recommended in _ coated with asphalt, surfaced with mineral 


ection 11 (b) of Specifications D 248 — granules, or dusted with talc, mica, or other fine 
37 T, above. mineral matter] may or may not be coated. If 


Ne a F coated, it may be surfaced with a small amount of 
Benue Section.—Add a new Section 12 mineral matter to prevent sticking in the roll. 

asis of Rejection to read the same 
the new Section 14 recommended for Section 10 (a).—Make the same change 


dition to Specifications D 224-37T, in this section as recommended in 


ove, 71939 Book of A.S.T.M. Standards, Part II, p. 1080. 


Hor » 
vith 
be 
this 
tior 
| be , 
ting 
14 
ame ‘ sf 
ge, of 
e). 
crack 
speed | 
mat- 
| 
| 
0 
od for | 
377, 
Roof- | 
pre- | 
Il 
words 
those 
= : 


Section 10 (a) of Specifications D 248 
— 37 T, above. 


Table I.—Change to read as prescribed 
in the accompanying Table IV by the 
addition of the italicized words and 
figures and the omission of those in 
brackets. 

New Section.—Add a new Section 13 
_ on Basis of Rejection to read the same 
as the new Section 14 recommended for 
addition to Specifications D 224 - 37 T, 
above. 


II. ADOPTION OF TENTATIVE STANDARDS 
AS STANDARDS. 


The committee recommends that the 
following nine tentative standards, with 
editorial changes in two of them as 
indicated below, be approved for refer- 
ence to letter ballot of the Society for 
adoption as standard: 


Tentative Specifications for: 


Asphalt for Use in Constructing Built-Up 
Roof Coverings (D 312 - 39), 

Coal-Tar Pitch for Roofing, Dampproofing, 
Waterproofing (D 450 38 T), 
’ Bituminous Grout for Use in Waterproofing 
Above Ground Level (D 170 - 397), 

Bituminous Grout for Use in Waterproofing 
Below Ground Level (D 171 - 39 T), 

Primer for Use with Asphalt in Dampproofing 
and Waterproofing (D 41 - 39 T), 

Creosote for Priming Coat with Coal-Tar 
Pitch in Dampproofing and Waterproofing 
(D 43 —- 37 T), and 

Asphalt Mastic for Use in Waterproofing 
(Asphalt Cement, Mineral Filler, Mineral 
Aggregate) (D 491 -39T),® with an editorial 
change as follows: 

Section 3.—Change the sixth requirement in 
the tabulation to read as follows by the addition 
of the italicized word and the omission of the 
words in brackets: 

[Bitumen soluble] Solubility in 
disulfide. 


_ Tentative Methods of: 
Test for Coarse Particles in Mixtures of As- 
& phalt and Mineral Matter (D 313 - 37 T), and 
Testing Bituminous Mastics, Grouts, and 
Like Mixtures (D 147 - 39 T),® with an editorial 
change as follows: 


8 1939 S.T.M. Standards, Part II, p. 1070. 
9 Ibid., p. 


carbon 


REPORT OF COMMITTEE D-8 _ 


Section 3 (b).—In the first sentence after the 
phrase “incandescent carbon filament bulb,” 
add the phrase “or other type of electric heater 
of correct capacity.” 


III. ADOPTION AS STANDARD OF 
REVISIONS OF STANDARD 


Standard Specifications for Coal-Ta 
Saturated Roofing Felt for Use in 
W ater proofing and in Constructing Built- 
Up Roofs (D 227 

The committee recommends that the 
revision of Specifications D 227 pub- 
lished as tentative in 1939" be approved 
for reference to letter ballot of the 
Society for adoption as standard. In 
addition to the existing revision, the 
committee recommends, in order to 
bring this standard into accord with 
other specifications as revised in this 
report, that a new Section 13 on Basis of 
Rejection be added to read as follows: 

13. Basis of Rejection.—Failure to conform 
to any one of the requirements prescribed in 
these specifications shall constitute grounds for 
rejection. In case of rejection, the seller shall 
have the right to reinspect the rejected shipment 
and resubmit the lot after removal of those 
packages not conforming to the specified re- 
quirements. 

Since the above revision is not germane 
to the tentative revision being recom- 
mended for adoption, the committee 
accordingly asks for a favorable nine- 
tenths vote at the annual meeting in 
order that this modification may be 
referred to letter ballot of the Society. 


IV. TENTATIVE STANDARDS AND 
TENTATIVE REVISION OF STANDARD 
CONTINUED AS TENTATIVE 


Committee D-8 recommends that the 
following tentative standards be con- 
tinued as tentative, without revision 
except for an editorial change in one 
method as given below, since these speci- 
fications and methods of test are now 

10 1939 Book of A.S.T.M. Standards, Part II, p. 482. 

1939 Book of A.S.T.M. Standards, Part ii, 


or 1940 Supplement to Book of A.S.T. 
Part II, p. 345. 
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being reviewed and a number of revisions 
will probably be recommended next year: 


Tentative Specifications for Asphalt for 
Dampproofing and Waterproofing (D 449 - 
37T), 

Tentative Methods of Testing Felted and 
Woven Fabrics Saturated with Bituminous Sub- 
stances for Use in Waterproofing and Roofing 
(D 146 - 38 T), 


On BirumMINousS WATERPROOFING AND ROOFING MATERIALS 


range of 15 to 18 per cent (determined in accordance 
with the Standard Methods of Sampling and 
Testing Structural Clay Tile (A.S.T.M. Designa- 
tion: C 112) of the American Society for Testing 
Materials) approximately 6 by 6 in. by § to 4 in. 
in thickness, or of sufficient size to accommodate 
the opening of the mask. 

Footnote 2.—Change to read as follows by 
the addition of the italicized words: 

2 Suitable unglazed tile can be obtained from 
the Robertson Art Tile Co., Morrisville, Pa., 


TABLE V.—ANALYSIS OF LETTER BALLOT VOTE. 


Ballots 
Items Affirmative Negative | Marked “Not 
Voting” 
I. REVISIONS OF TENTATIVE STANDARDS 

Spec. for Asphalt Roofing Surfaced with Powdered Talc or Mica (D 224 ; 
Spec. for Asphalt Shingles Surfaced with Coarse Mineral Granules 

(D 225 - 37 34 0 5 
Spec. for Asphalt-Saturated Roofing Felt for Use in Waterproofing and in 

Constructing Built-Up Roofs (D 226 - 3 EER Hes. 34 0 5 
Spec. for Asphalt Roofing Surfaced with Fine Mineral Granules (D 248 5 

Spec. for Asphalt Roofing Surfaced with Coarse Mineral Granules 
(D 249 - 37 T) 34 0 5 
Spec. for Asphalt Cap Sheet Surfaced with Coarse Mineral Granules 

II. ApopTION OF TENTATIVE STANDARDS AS STANDARD 

Spec. for Asphalt for Use in Constructing Built-Up Roof Coverings 

Spec. for Coal-Tar Pitch for Roofing, Dampproofing, and Waterproofing 

(D 450 - 38 T) 31 0 8 
Spec. for Bituminous Grout for Use in Waterproofing Above Ground Level 

(D170 - 39 T) 33 3 3 
Spec. for Bituminous Grout for Use in Waterproofing Below Ground Level 

(D 171 - 39 T) ‘ 33 3 3 
Spec. for Primer for Use with Asphalt in Dampproofing and Waterproofing 

(D 41 - 39 T) 33 1 5 
Spec. for Creosote for Priming Coat with Coal-Tar Pitch in Dampproofing 

and Waterproofing (D 43 - 37 T) . on ; : 29 1 9 
Spec. for Asphalt Mastic for .Use in Waterproofing (Asphalt Cement, 

Mineral Filler, Mineral Aggregate) (D 491 - 39 T), with editorial change. . 34 1 4 
Test for Coarse Particles in Mixtures of Asphalt and Mineral Matter 

(D 313 - 37 T). 33 1 5 
Testing Bituminous Mastics, Grouts, and Like Mixtures(D 147 - 39 T), 

III. Apoption as STANDARD OF REVISIONS OF STANDARD 
Spec. for Coal-Tar Saturated Roofing Felt for Use in Waterproofing and 
in Constructing Built-Up Roofs (D 227 - 27), immediate adoption....... 31 0 s 


Tentative Methods of Testing Asphalt Roll 


Roofing, Cap Sheets, and Shingles (D 228-_ 


37 T), and 

Tentative Recommended Practice for Ac- 
celerated Weathering Test for Bituminous 
Materials (D 529 - 39 T), 

Tentative Methods of Testing Films De- 
posited from Bituminous Emulsions (D 466 
~ 38 T)," with the following editorial change 
made in the interest of greater accuracy: 

Section 2 (b).—Change to read as follows by 
the addition of the italicized words and figures: 

(b) Tiles.—-Unglazed ceramic tiles white, 


nonvitreous, dust pressed body with an absorption 


1939 Book of A.S.T.M. Standards, Part II, p. 1068. 


and from Gladding-McBean and Co., Los Angeles, 
Calif. 


The tentative revisions of the Stand- 


ard Specifications for Asphalt-Saturated 
Asbestos Felt for Use in Constructing 
Built-Up Roofs (D 250-27) were ac- 
cepted by the Society in 1939. Owing 
to the fact that further revisions are to 
be made in order to conform to present 
practice, no change in status is now 


_ recommended. 


The recommendations appearing in 
this report have been submitted to letter 


in 
It- 

he 
ed 
the 
In 
the 
to 
ith 
his 
; of 
orm 
1 in 
for 
hall 
nent 
hose 
Te- 
ane 
om- 
ttee 
ine- 
be 
ety. 
D 
the 
con- 
ision 
one 
pec 
now | 

482. 
1182, 


REPORT OF COMMITTEE D-8 7 


ballot of the committee which consists of have voted affirmatively and 0 nega- 
59 voting members; 39 members re- _ tively. 


386 


turned their ballots, with the results Respectfully submitted on behalf of 
shown in Table V. the committee, 
This report has been submitted to : J. M. Weiss, 
letter ballot of the committee which Chairman. 
consists of 59 voting members; 39 mem- Prevost HuBBARD, 
bers returned their ballots, of whom 35 Secretary. PI 


| 
EprrortAL Nore 

Subsequent to the annual meeting, Committee D-8 presented jointly with 
‘Committee D-4 on Road and Paving Materials to the Society through Com- Scop 
mittee E-10 on Standards new Tentative Volume Correction Table for Tar and 
Coal-Tar Pitch. This table was accepted by Committee E-10 for publication I. 
as tentative on August 25, 1941, and appears in the 1941 Supplement to Book pitch 
of A.S.T.M. Standards, Part II, p. 350, bearing the A.S.T.M. serial designation and { 
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Scope 

These specifications cover coal-tar 
pitch suitable for use as a mopping coat 
and for embedding slag or gravel in the 
construction of steep built-up roofs 
with inclines of 1 to 6 in. per horizontal 
foot, where nailing is employed. On 
lat built-up roofs from a level plane to 
inclines up to 2 in. per horizontal foot, 
steep pitch is suitable for embedding 
and coating the top ply of felt on 
promenade roofs to be surfaced with 
quarry tile or other rigid or semirigid 
wearing surfaces. Steep pitch is suit- 
able for use on vertical surfaces as a 
mopping coat in dampproofing, or for 
mopping tarred felts or tarred fabrics in 
the construction of membrane water- 
proofing. 


Types 
The coal-tar pitch covered by these 
ecifications is of one type. 


Norr.—Other types of coal-tar pitch for flat 
roofs, dampproofing, and waterproofing 
covered by the Standard Specifications for 
Tar Pitch for Roofing, Dampproofing, and 
lerproofing (A.S.T.M. Designation: D 450) 
the American Society for Testing Materials.* 
Primer 


3. Steep pitch usually can be applied 
ectly to concrete surfaces without 


eng proposed specifications are under the jurisdic- 
{the A.S.T.M. Committee D-8 on Bituminous Water- 
fing and Roofing Materials. 

Published as information, June, 194 

applement to Book of A. TM. Standards, 


APPENDIX 
PROPOSED SPECIFICATIONS FOR COAL-TAR PITCH FOR STEEP 
BUILT-UP ROOFS, DAMPPROOFING, AND WATERPROOFING!” 


These are proposed specifications and are published as information only. 
Comments are solicited and should be 
Testing Materials, 260 S. 
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addressed to the American : 
Broad St., Philadelphia, Pa. 


priming, but, where priming is required, 
the material used as a primer shall be 
creosote conforming to the Standard 
Specifications for Creosote for Priming 
Coat with Coal-Tar Pitch in Damp- 
proofing and Waterproofing (A.S.T.M. 
Designation: D 43) of the American 
Society for Testing Materials.‘ 


Membrane Materials 


4. (a) For the construction of steep 
built-up roofs, felts conforming to the 
Standard Specifications for Coal-Tar 
Saturated Roofing Felt for Use in Water- 
proofing and in Constructing Built-Up 


Roofs (A.S.T.M. Designation: D 227) 
of the American Society for Testing 


Materials® shall be used. 

(b) For the construction of a mem- 
brane system of waterproofing, any or 
all of the following felts or fabrics con- 
forming to the specifications of the 
American Society for Testing Materials 
may be used alone or in various com- 
binations: 

Felt.—Standard Specifications for 
Coal-Tar Saturated Roofing Felt for 
Use in Waterproofing and in Construct- 
ing Built-Up Roofs (A.S.T.M. Desig- 
nation: D 227).° 

Cotton Fabrics.—Tentative Specifica- 
tions for Woven Cotton Fabrics Satu- 
rated with Bituminous Substances for 
~~ 41941 Supplement to Book o of A.S.T.M. Standards, 


Ibid. p. 144. 
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Use in Waterproofing (A.S.T.M. Desig- 
nation: D 173),® coal-tar saturant. 


Properties 


5. The coal-tar pitch shall be homog- 


enous and shall conform to the require- 
ments prescribed in Table I. 


ABLE I.—REQUIREMENTS FOR COAL-TAR PITCH 
FOR STEEP ROOFS, DAMPPROOFING, AND 
WATERPROOFING. 


Min. Max. 


Specific gravity, 25/25 C. (77/77 F.)| 1.20 1.36 
point  (ring-and-ball 
method) 150 F. |170 F. 
(65 C.)| (77 C.) 
Total bitumen soluble in carbon di- 
sulfide, per cent... 85 
Ash, per cent...... 2.0 
Distillation Test: | 
Total distillate by weight, 32 to 
572 F. (0 to 300 C.), per cent... ae 8 
Residue by weight, per cent.....| 92 
Flash point (Cleveland open cup)... |275 F. 
(135 C. 


Penetration: 
32 F. (0 C.), 200 g., 60 sec.... 


77 F. (25 C.), 100 g., 5 
115 F. (46 C.), 50 g., 5 sec 


“Methods of Sampling and Testing 


6. The coal-tar pitch shall be sampled 
and the properties enumerated in these 
specifications shall be determined in 
accordance with the following methods 
of the American Society for Testing 
Materials: 

(a) Sampling.—Tentative Methods 
of Sampling Bituminous Materials 
(A.S.T.M. Designation: D 140).? 


4 
61940 Supplement to Book of A.S.T.M. Standards, 


Part II, p. 305. 
71941 Supplement to Book of A.S.T.M. Standards, 
Part II, p. 343. 
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(b) Specific Gravity.—Standard 
Method of Test for Specific Gravity of 
Asphalts and Tar Pitches Sufficiently 
Solid to be Handled in Fragments 
(A.S.T.M. Designation: D 71).* 

(c) Softening Point.—Standard 
Method of Test for Softening Point of 
Bituminous Materials (Ring-and-Ball 
Method) (A.S.T.M. Designation: D 36)! 

(d) Bitumen Soluble in Carbon Di- 
sulfide.—Standard Method of Test for 
Determination of Bitumen {A.S.T.M. 
Designation: D 4).!° 

(e) Ash.—Standard Methods of Labo- 
ratory Sampling and Analysis of Coal 
and Coke (A.S.T.M. Designation: D 
271.)."! 

(f) Distillation Standard Method of 
Test for Distillation of Tar Products 
Suitable for Road Treatment (A.S.T.M. 
Designation: D 20).” 

(g) Flash Point.—Standard Method 
of Test for Flash and Fire Points by 
Means of Open Cup (A.S.T.M. Desig- 
nation: D 92).8 

(h) Penetration.—Standard Method of 
Test for Penetration of Bituminous 
Materials (A.S.T.M. Designation: D 5).’ 


8 1939 Book of A.S.T.M. Standards, Parts II and III. 

9 1939 ay of A.S.T.M. Standards, Part II, p. 417. 

10 [bid., 385. 

1 1940 ‘Supplement to Book of A.S.T.M. Standards 
Part Ill, 

1939 of A.S.T.M. Standards, Part II, p. 39 
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REPORT OF COMMITT 


ON 


ELECTRICAL INSULATING MATERIALS 


Since the annual meeting in June, 
1940, in Atlantic City, N. J., Committee 
D-9 on Electrical Insulating Materials 
has held two meetings; one in New York, 
N. Y., on November 14 and 15, 1940, 
and the other in Washington, D. C., on 
March 3 and 4, 1941. The average 
attendance at these two meetings was 84 
members and 14 visitors. These meet- 
ings were held in conjunction with Com- 
mittee D-20 on Plastics because of the 
close cooperation between the two com- 
mittees and the large number of members 
who serve on both committees. 

The subcommittees responsible for 
specific work have been very active 
during the year and considerable prog- 
ress has been made. Several projects 
have reached the stage where definite 
recommendations have been made result- 
ing in additions or changes in the stand- 
ards for which Committee D-9 is 
responsible. ‘There are also a number of 
other projects still under way which are 
mentioned briefly later in this report. 

The present membership of Committee 
D-9 is 95; of whom 47 are classified as 
producers, 28 as consumers, and 20 as 
general interest members. 

_ The following methods under the 
Jurisdiction of Committee D-9 have been 
approved as American standards by the 
American Standards Association on the 
‘ecommendation of Sectional Committee 
C39 on Electrical Insulating Materials: 


Standard M ethods of: 


Testing Molded Materials Used for Electrical 
Insulation (D 48 - 39; ASA C59.1-1940), 


Testing Electrical Insulating Oils (D 117 - 40; | 
ASA C59.2-1941), 

Test for Insulation Resistance of Electrical 
Insulating Materials (D 257-38; ASA 
C59.3-1939), and 

Testing Molding Powders Used in Manu- 
facturing Molded Electrical Insulators — 
(D 392 — 38; ASA C59.10-1941). 


The following standards, submitted on 
March 3, 1941, to Sectional Committee 
C59, are now being studied by special 
reviewing committees looking toward | 
their submittal to the American Stand- 
ards Association for approval as Ameri- 
can standards: 


Standard Methods of: 


Testing Laminated Tubes Used in Electrical © 
Insulation (D 348 — 39), 

Testing Laminated Round Rods Used in 
Electrical Insulation (D 349 — 39), and 

Testing Shellac Used for Electrical Insulation 
(D 411 — 40). 


The Methods of Test for Impact 
Resistance of Electrical Insulating Ma- 
terials (D 256-38) have now been 
approved by letter ballot in Sectional 
Committee C59 and will shortly be 
submitted to A.S.A. for approval as 
American standard. 

Subsequent to the 1940 annual meet- 
ing, Committee D-9 presented to the 
Society through Committee E-10 on 


Standards the following 


mendations: 
Revisions of Tentative Methods of: 


Test for Dielectric Strength of Electrical 

Insulating Materials at Commercial Power | 
Frequencies (D 149 — 39 T), 

Testing Solid Filling and Treating Com- 
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pounds Used for Electrical Insulation 
(D 176 - 37 T), 

Sampling and Testing Untreated Paper Used 
in Electrical Insulation (D 202 - 40 T). 


_ Tentative Revisions of Standard Methods of: 


Testing Molded Materials Used for Electrical 
Insulation (D 48 — 39), and 
Testing Electrical Porcelain (D 116-39). 


These recommendations were ac- 
cepted! by Committee E-10 on August 
28, 1940; the revised tentative methods 
and the tentative revisions of standards 
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tive standards, revisions of four tentg- 
tive standards, an editorial change in an 


existing standard, and is recommending 


the adoption as standard of four tenta- 
tive standards. 
are listed in Table I. The recommenda- 
tions being presented are included in de- 
tail in Appendix I, each proposed revision 
being accompanied by a brief explana- 
tion of the reason for the revision. 
These recommendations have been 
submitted to letter ballot of the com- 
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I. New TENTATIVE STANDARDS the 1 

Spec. for Round Phenolic Laminated Tubing for Radio Applications ; ( 

Test for Punching Quality of Phenolic Laminated Sheets 3: work 

Preconditioning Plastics and Electrical Insulating Materials for Testing. . 35 0 

Test for Volatile Matter Content of Vulcanized Fiber these 


II. Revisions OF TENTATIVE STANDARDS Th 

Test for Power Factor and Dielectric Constant of Electrical Insulating a tes 
Materials (D 150 - 39 T) ~ 
Sampling and Testing Untreated Paper Used in Electrical Insulation quali 
Testing Glass Spool Insulators (D 550 - 39 T). . : natin 


III. Apoption or TENTATIVE STANDARDS AS STANDARD been 


Testing Varnishes Used for Electrical Insulation (D 115 — 39 T) 
Test for Acetone Extraction of Phenolic Molded or Laminated Products parat 
(D 494 - 38 T), as revised 


Test for Arc Resistance of Solid Electrical Insulating Materials mini 
(D 495 - 38 T), as revised . : F : and 
Measuring Shrinkage from Mold Dimension; of Molded Materials Used for 

Electrical Insulation (D 551 - 39 T) : varn 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Items Affirmative Negative 


IV. EpiroriAL CHANGE IN STANDARD and ¢ 


- Testing Molding Powders Used in Manufacturing Molded Electrical . 
Insulators (D 392 - 38; ASA C59.10-1941) taker 


It 
conte 


appear in the 1940 Supplement to the 
Book of A.S.T.M. Standards.” 


RECOMMENDATIONS AFFECTING ACTIVITIES OF SUBCOMMITTEES the s 
STANDARDS samp 

In addition to the projects that havi proxi 
resulted in definite recommendations, is th 
there are numerous other projects 0 abou 
which the various subcommittees at matt 
engaged. Data are being obtained and neces 
results studied with a view to improving the } 
the present standards and developing subj 
new standards. Some of the projects of th 
that are in progress are as follows: An 


Subcommittee I on Insulating Var- 


mittee which consists of 95 voting mem- 
bers, with the results shown in Table! 


As a result of the year’s work, the 
committee is submitting four new tenta- 


1In submitting these recommendations to Committee 
E-10 on Standards, Committee D-9 reported the following 
results of the letter ballot vote of a total of 50 ballots 
returned from a committee membership of 91: D 149 - 
39 T, affirmative 36, negative 0, ballots marked ‘‘not 
voting”’ 14; D 176 - 37 T, affirmative 23, negative 0, ballots 
marked “not voting” 27; D 202 - 40T, affirmative 25, 
negative 0, ballots marked “not voting” 25; D 48 - 39, 
affirmative 25, negative 0, ballots marked ‘“‘not voting” 25; 
D 116 - 39, affirmative 25, negative 0, ballots marked ‘‘not 
voting” 25. 

2 1940 Supplement to Book of A.S.T.M. Standards, Part 
III, pp. 257, 242, 264, 563, and 569, respectively. a 


| 
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nishes, Paints, and Lacquer (C. F. 
Hanson, chairman).—Eleven years ago 
work was started to develop a test 
method for determining the resistance 
of varnish to acid and alkali. A great 
amount of research was done at that 
time over a period of two or three years. 
For a few years following, the work was 
held in abeyance, and about three years 
ago the investigation was resumed and 
the scope was expanded to include re- 
sistance to sea water. One round-robin 
test has been completed, and the second 
one is in progress with five laboratories 
participating. The results to date in- 
dicate that a number of precautions will 
have to be taken in the preparation of 
the test specimen. Considerably more 
work will have to be done to eliminate 
these irregularities. 

There is great need in the industry for 
a test to determine the impregnating 
qualities of a varnish used for impreg- 
nating electric coils. This work has 
been in progress since 1932. The ap- 
paratus originally designed for deter- 
mining the penetration, internal drying, 
and bonding strength of a saturant 
varnish has been temporarily abandoned 
and a more simplified approach has been 
taken. A round-robin test is under way 
with six laboratories participating. 

It has been found that the moisture 
content of a specimen of shellac has 
considerable influence upon the flow of 
the specimen. The conditioning of the 
sample so that it will always have ap- 
proximately the same moisture content 
s therefore very desirable. To bring 
bout this condition is not a simple 
matter. It has been found that the 
lecessary conditioning is influenced by 
the past history of the sample. This 
subject has become a research project 
of the subcommittee. 

_Among the factors which influence the 
“tying rate of a varnish film are tem- 
Perature, light, percentage of relative 
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humidity, and dissipation of solvent 
vapor. To control these factors for test 
purposes it is necessary to provide a 
suitable drying cabinet. This  sub- 
committee, in cooperation with Sub- 
committee X on Conditioning, has 
completed a survey among oven manu- 
facturers. It is expected that recom- 
mendations for suitable equipment can 
soon be made. 

Subcommittee IIT on Molded Insulating 
Materials (W. A. Evans, chairman).— 
Results of tests on tensile strength 
specimens molded under like conditions 
in molds supplied by four different 
laboratories have been presented. Each 
mold had different clearances between 
the cavities and their corresponding 
faces. A mold design is to be prepared 
and submitted to letter ballot.’ 

Work on conditioning test specimens 
of plastics is being continued in coopera- 
tion with Subcommittee X on Con- 
ditioning. 

It has been agreed to redraft the 
Standard Methods of Testing Molded 
Materials Used for Electrical Insulation 
(D 48-39; ASA C59.1 — 1940) into a 
more simplified form with rearrange- 
ment of the test procedures covered.’ 

A new section has been appointed to 
formulate specifications for thermo- 
setting molding compounds. Although 
the section has not had time to do any 
material work, it has discussed a pro- 
posed form and the grades of material 
to be specified. It was suggested that 
general specifications be written which 
would include a table of characteristics 
and values. The specifications should 
cover the following divisions: general 
purpose, high impact, heat resistance, 
and possibly low loss electrical grades. 
Mr. J. B. Lunsford of the U. S. Navy, 
Bureau of Ships, stressed the greater use — 
of high impact material by the Navy. 

It has been agreed to have the section 

2 See Editorial Note, p. 396. 
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on Impact Fatigue take under considera- 
tion high-velocity impact tests. 

Subcommittee III on Plates, Tubes and 
Rods (Dean Harvey, chairman).—Meth- 
ods of conditioning specimens of sheets, 
rods, and tubes to insure reproducibility 
of the tests for dielectric strength, power 
factor, and insulation resistance are being 
prepared. 

A Method of Test for Punching 
Quality of Phenolic Laminated Sheets is 
being submitted for publication as ten- 
tative as appended hereto.* This 
method has been prepared after a long 
program of cooperative tests, including 
the development of a standard punching 
die and a point rating system for 
evaluating the edges, surfaces, and holes 
in the punched test specimen. A control 
test also is given, consisting of a Rockwell 
hardness test at room temperature or at 
elevated temperatures, according to the 
temperature used in punching. These 
hardness tests have been found to give 
an indication of punching quality. The 
development work and the supporting 
data for the test for punching quality are 
given in Appendix II to this report. 

Cooperative work with the Navy De- 
partment has resulted in the preparation 
of proposed Methods of Test for Prod- 
uct Uniformity of Phenolic Laminated 
Sheets which contains a group of tests 
that will serve to check the uniformity 
of the properties of a particular type of 
phenolic laminated material from one 
manufacturer. This method is pub- 
lished as information as appended 
hereto.® 

The Specifications for Round Phenolic 
Laminated Tubing for Radio Applica- 
tions’ and the Method of Test for Volatile 
Matter Content of Vulcanized Fiber,’ 
being recommended as tentative as 


4 This method was accepted as tentative by the Societ 
and appears in the 1941 Supplement to Book of ASTM. 
Standards, Part III, p. 359. 

5 Subsequent to the annual meeting this method was 
presented to the Society for publication as tentative, see 
Editorial Note, p. 396 
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appended hereto, were prepared by two 
sections of this subcommittee. 

Ten of the standard methods of test 
under the jurisdiction of the subcom. 
mittee have been referred to members 
for review and preparation of a state. 
ment on the significance of these tests, 

Further tests have been made to deter. 
mine the ply adhesion of vulcanized 
fiber, and slight modifications in the 
equipment are being considered, in order 
that more consistent results may be 
obtained. 

Standard methods of measurement of 
dimensions are being prepared for round, 
stiff tubing to insure consistent results. 
Studies are being made to develop a 
method of test for the dielectric strength 
of phenolic laminated tubing parallel to 
laminations. 

J. B. Lunsford, of the Navy Depart- 
ment, gave a very interesting discussion 
at the spring meeting on the need for 
standard methods of test. Short-time 
tests are particularly desired by the 
Navy Department which will indicate 
how the materials will perform in service. 
The Navy Department Specification for 
Fish Paper for Electrical Insulation 
(17111b) was reviewed with representa- 
tives of the Navy Department and vari- 
ous changes were suggested to bring it in 
line with commercial practice. 

A study is being made of the method of 
test for flexural strength of sheet insulat- 
ing material in the Standard Methods 0! 
Testing Sheet and Plate Materials Used 
in Electrical Insulation (D 229 - 39) t 
determine the effect of various factors 
upon the accuracy of the test. / 

Subcommittee IV on Liquid Insulation 
(E. A. Snyder, chairman) .—Work is con- 
tinuing on the cooperative samples for 
neutralization number; however, several 
of the members have not finished thet 


¢ These specifications were accepted as tentative 
the Society and appear in the 1941 Supplement to 
of A.S.T.M. Standards, Part III, p. 347. Society 

7 This method was accepted as tentative by on eTu 
and appears in the 1941 Supplement to Book of A... 


Stan s, Part III, p. 352. } 
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tests. It’ is expected that the work will 
be completed before the annual meeting. 

Two samples, one new oil and the other 
aused oil, have been sent out to members 
of the Section on Sludge Test. Each 
sample is to be tested in accordance with 
two test procedures, the sludge ac- 
cumulation test and the high-pressure 
oxidation test, as given in the Proposed 
Methods of Test for Sludge Formation 
in Mineral Transformer Oil which are 
being published as information in Ap- 
pendix III. It is hoped that many co- 
operators will make a third test of a 
30:50 volumetric blend of the two 
samples. Attention is called to the 
limitations of the test and the fact that 
as yet there is no coordination of the test 
with actual operating conditions. 

The Methods of Testing Electrical 
Insulating Oils (D 117-40; ASA C 
39.2 - 1941) have been reviewed in their 
entirety to determine which sections 
apply to synthetic insulating liquids. 
In the case of these sections that do not 
apply to synthetic liquids, new descrip- 
tions are being written. When this 
work is completed, it is felt that the tests 
for synthetic insulating liquids should be 
separated from the tests for mineral 
insulating oils. 

The Section on Saponification is co- 
operating with Committee D-2 on Pe- 
troleum Products and Lubricants in 
tound-robin tests. Committee D-2 is 
fecommending this year a revision of 
the Tentative Methods of Test for 
Saponification Number (D 94 - 39 T) 
which methods are under the joint 
jurisdiction of Committees D-2 and D-9. 
Lommittee D-9 will probably concur in 
this recommendation. 

. A more reliable vacuum gage has been 
“signed for determining the gas content 
in oils and more data are to be obtained. 

The work on dielectric strength testing 
“oilis being continued. ‘This investiga- 
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tion includes a study of momentary 
discharges, method for high viscosity 
oils, rate of applying voltage, shape of 
electrodes, and handling of the sample. 
Tests for dielectric strength of synthetic 
insulating liquids are also being studied. 

The articles on the significarice of the 
various tests in Methods D 117 are being 
held in abeyance until the Section on 
Scope has completed its work. 

An investigation is being made of the 
various methods now available for deter- 
mining moisture in insulating oil. 

Several generic names have been sug- 
gested for synthetic insulating liquids. 
However, a search of the Patent Office 
will have to be made for prior use of any 
of these names. It is understood that 
the National Electrical Manufacturers 
Association has a name for these com- 
pounds and a request of this Association 
will be made for an exact definition. 

Subcommittee V on Ceramic Products 
(Porcelain, Glass, Etc.) (L. E. Barringer, 
chairman).—A round-robin series of tests 
is in progress in connection with the 
study of methods of testing steatite for 
mechanical strength. Preliminary re- 
sults indicate satisfactory agreement for 
flexural strength, but additional data 
are required for compressive strength 
and resistance to impact. 

Samples of five widely different types 
of glass were circulated among five 
laboratories to help in correlating the 
measuring technique of power factor 
and dielectric constant of glass over the 
range of frequencies for which equip- 
ment was available. The data thus 
accumulated have been assembled and 
are presented in a paper by Philip A. 
Richards, “Report on Round-Robin Tests 
of Power Factor and Dielectric Constant 
for Glass” which appears as Appendix VI 
to this report. 

Work in connection with reconciling 
the A.S.T.M. Tentative Method of Test- 
ing Pin-Type, Lime Glass Insulators (D 
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468 — 39 T) and the American Standard 
for Insulator Tests (AIEE No. 41-1930; 
ASA C29a-1930) has been carried for- 
ward. A group has been appointed to 
investigate ways and means of collecting 
data to correlate service with tests of 
lime glass insulators made in accordance 
with the A.S.T.M. test method. 

Subcommittee VI on Solid Filling, and 
Treating Compound (R. H. Titley, chair- 
man).--Studies are being made of a 
method for determining the solubility of 
treating compounds in oil. 

Subcommittee VII on Electrical Tests 
(J. A. Scott, chairman).—A draft of a 
new test method for thermal conduc- 
tivity which has been written by Com- 
mittee C-16 on Thermal Insulating 
Materials, was presented to the section. 
The section did not feel that this pro- 
posed method would be suitable for use 
by Committee D-9 and decided to pre- 
pare a method covering electrical in- 
sulating materials to take the place of 
the present Tentative Method of Test 
for Comparing Thermal Conductivities 
of Solid Electrical Insulating Materials 
(D 325 - 31 T). 

The results of round-robin tests on 
solid dielectrics in connection with the 
measurement of power factor and dielec- 
tric constant at ultra high frequencies 
have resulted in a revision of the Tenta- 
tive Methods of Test for Power Factor 
and Dielectric Constant of Electrical 
Insulating Materials (D 150 — 39 T) 
given in Appendix I. The results of 
the tests using the reactance (suscept- 
ance) variation method and four forms 
of apparatus have been summarized by 
K. G. Coutlee, R. F. Field, E. O. Haus- 
mann, Thomas Hazen, and H. R. Meahl 
and are presented in a paper on ‘‘Meas- 
urements of Power Factor and Dielectric 
Constant at Ultra High Frequencies” 
in Appendix V to this report. 

A request has been made to reopen 
activity on the question of oil power 
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factor measurements which had beep 
discontinued following the report of the 
round-robin tests. It was pointed out 
that from this round-robin series certain 
useful recommendations on electrodes 
and cells should be prepared and given 
a place in the methods. 

Subcommittee VIII on Insulating 
Papers and Fabrics (Treated and Un- 
ireated) (R. W. Chadbourn, chairman). 
In line with the policy of Committee 
D-9 to consider jointly with other 
organizations test methods and specifica- 
tions of mutual interest, the subcom- 
mittee obtained the consent of Conm- 
mittee D-6 on Paper and Paper Products 
to the appointment of a small joint 
committee to study the pH method for 
acidity determination. The work of 
this group began with the consideration 
of the method developed by M. § 
Kantrowitz and previously under con- 
sideration by Committee D-6. Pos 
sible improvements in this method, in- 
volving such things as preparation of 
sample, are to be considered, and a series 
of tests is being undertaken to determine 
its applicability to condenser paper. 

The Paper Division is following closely 
the review by Committee D-6 of methods 
of mechanical tests for papers. Further 
progress has been made by this com- 
mittee during the year on many methods 
including tensile strength, porosity, con- 
ditioning, ash, and tearing strength. A 
new type of edge tear tester, having 4 
tearing edge shaped in the form of 4 
widely spread “V,” has been developed 
and is receiving consideration. As 4 
result of a request received during the 
year for a wet tensile strength method, 
a simple and ingenious testing device 
has been developed for this purpose. 
Its applicability ‘will be investigated 
a set of round-robin tests. 

The round-robin tests involving three 
types of micrometers (standard m 
chinists’, machinists’ with adjusted pr 
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sure, and dead weight dial) have been 
completed. The results indicate that 
the dead-weight type is equal to the 
machinists’ in accuracy. An alternative 
method of thickness determination, in- 
volving the dial gage, will therefore be 
prepared for inclusion in the Tentative 
Methods of Test for Thickness of Solid 
Electrical Insulation (D 374 36 

During the year a section was or- 
vanized to develop statements on the 
significance of the various tests included 
in the Tentative Methods of Sampling 
and Testing Treated Paper Used in 
Electrical Insulation (D 202 — 40 T). 

The tests by four utility company 
laboratories to determine the elongation 
characteristics of several special samples 
of varnished cloth tape under conditions 
simulating actual use are nearing com- 
pletion. A technique was developed 
which permitted the measurement for 
the first time of actual elongation of 
samples wound on special mandrels by 
field men such as cable splicers. The 
data obtained in these tests are expected 
tobe of value, not only in the revision of 
elongation and dielectric strength re- 
quirements, but also in establishing the 
most desirable constructional qualifica- 
tions for a tape of this type. 

_ During the year replies were received 
irom a number of large utilities to whom 
4 questionnaire was sent requesting data 
on their use of tape and their reactions 
0 A.S.T.M. test methods and specifica- 
lions. The replies received were sum- 
marized and analyzed, and the informa- 
‘ion So obtained is expected to be of great 
value in further revision of the Tentative 
Specifications for Black Bias-Cut Var- 

shed Cloth Used for Electrical Insula- 
ton (D 373-39T) and the Tentative 

Methods of Testing Varnished Clothsand 
Vanished Cloth Tapes Used in Electrical 
‘sulation (D 295 — 38 T). 

The subcommittee has begun a co- 
operative study with the Underwriters’ 
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Laboratories, Inc., of the latter’s pro- 
posed specifications for varnished tubing 
in an effort to bring the Underwriters’ 
and A.S.T.M. specifications into closer 
agreement. 

During the year a new section was 
formed for the development of test 
standards and specifications for treated 
glass fabrics. Several existing test 
methods for similar fabrics have already 
been approved for treated glass, and 
there are under way studies of a number 
of other properties such as breaking 
strength, weight, temperature life tests, 
and moisture absorption. 

Subcommittee IX on Mica Products 
(M. P. Davis, chairman).—The grading 
chart for mica in the Standard Methods 
of Test for Grading and Classification 
of Natural Mica (D 351 — 38) is to be 
revised, and it has been recommended 
that a separate grading chart be pre- 
pared to cover the smaller sizes of mica 
films required primarily by the radio 
tube manufacturer. 

Details of a mercury electrode to be 
used for making power factor and di- 
electric constant measurements at room 
temperatures are being prepared for 
inclusion in the Tentative Method of 
Test for Power Factor and Dielectric 
Constant of Natural Mica (D 351-39 T). 

The preparation of color prints, trans- 
parencies, and black and white photo- 
graphs for classification of mica is being 
continued. 

The Navy Department has _ issued 
tentatively a new specification for mica 
which has been reviewed by members of 
the subcommittee. | 

Subcommittee X on Conditioning 
(Robert Burns, chairman).—-The sub- 
committee has approved the definition 
for “dry room conditions” as 15 per cent 
relative humidity at 85 F. and for “moist 
room conditions” as 75 per cent relative 
humidity at 77 F. It has also approved 
the establishment of a standard labora- 
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tory atmosphere consisting of 50 + 2 
per cent relative humidity at 77 + 2 F. 
The purpose of a standard laboratory 
atmosphere is to provide standardized 
controlled atmospheric influences for 
those rooms or chambers where testing 
machines are located, thereby facilitating 
a greater degree of reproducibility in 
test results. 

In connection with the project of 
developing a standard conditioning 
chamber, several chambers have been 
supplied for various laboratory and in- 
dustrial uses and performance charts 
from one of the humidity chambers have 
been examined by the members of the 
subcommittee. 

In cooperation with Committee D-20 
on Plastics, proposed Tentative Methods 
of Preconditioning Plastics and Electri- 
cal Insulating Materials for Testing* 
have been prepared and submitted to 
letter ballot of both committees. 

Special Subcommittee on Significance of 
Tests (Dean Harvey, chairman).—This 
subcommittee acts as a clearing house 
for the material prepared by the various 
subcommittees and it consolidates this 


8 These methods were accepted as tentative by the 
Society and appear in the 1941 Supplement to nok of 
A.S.T.M. Standards, Part III, p. 320. 


material wherever possible to avoid yp. 
necessary repetition. It was suggested 
that a uniform procedure be established 
which will involve the insertion in each 
standard and tentative method of a brie 
statement regarding the significance of 
the test or test procedures covered, and 
the preparation of a more detailed dis- 
cussion for separate publication. 

Consideration has been given to the 
publication of the various articles on 
significance of tests so that each will have 
a designating number to which reference 
can be made in the various methods of 
test under the jurisdiction of Committee 
D-9. 


This report has been submitted to 
letter ballot of the committee which 
consists of 95 voting members; 66 men- 
bers returned their ballots, of whom 59 
have voted affirmatively and 
negatively. 


Respectfully submitted on behalf of 
the committee, 
T. TAyLor, 
: Chairman 
E. J. RUTAN, 
Secretary. 


EDITORIAL NOTE 


Subsequent to the annual meeting, Committee D-9 presented to the Society 
through Committee E-10 on Standards the following recommendations: 


New Tentative Specifications for: 


Molds for Test Specimens of Molding Materials Used for Electrical Insula- 


tion (D 647 - 41 T). 
New Tentative Methods of: 


Test for Product U niformity of Phenolic Laminated Sheets (D 634 - 41 T), 


Revisions of Tentative Methods of: 


Sampling and Testing Untreated Paper Used in Electrical Insulation 


(D 202 - 40 T), 


Test for Thickness of Solid Electrical Insulation (D 374 — 36 T), 
Tentative Revisions of Standard Methods of: 
Testing Molded Materials Used for Electrical Insulation (D 48 - 39), in 
the form of the following five new tentative methods: 
Testing Molded Materials Used for Electrical Insulation (D 48 - 41 T), 
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On ELECTRICAL INSULATING MATERIALS 


Test for Distortion Under Heat of Molded Electrical Insulating Ma- 
terials (D 648 - 41 T), 
Test for Compressive Strength of Electrical Insulating Materials 
(D 649 - 41 T), 
Test for Flexural Strength of Electrical Insulating Materials (D 650 - 
41 T), 
Test for Tensile Strength of Electrical Insulating Materials (D 651 - 
41 T), 
Testing Shellac Used for Electrical Insulation (D 411 — 40), and 
Test for Impact Resistance of Electrical Insulating Materials (D 256 - 
38), in the form of new Tentative Methods of Test for Impact Resistance 
of Plastics and Electrical Insulating Materials (D 256 — 41 T). 

These recommendations were accepted by Committee E-10 on August 25, 

1941, and assigned the A.S.T.M. serial designations indicated above. The 
Tence new and revised tentative standards as well as the tentative revisions appear in 
rds of the 1941 Supplement to Book of A.S.T.M. Standards, Part III, pp. 317, 354, 
nittee 406, 368, 322, 334, 332, 336, 345, 629, 339. 

On October 22, 1941, Committee E-10 accepted for publication new Tenta- 
tive Methods of Measuring Mica Stampings Used in Electronic Devices 
and Incandescent Lamps, which bears the A.S.T.M. serial designation D 652 - 
41 T and appears in the 1941 Supplement to Book of A.S.T.M. Standards, 
Part Ill, p. 426. 
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RECOMMENDATIONS AFFECTING STANDARDS FOR ELECTRICAL 


were 


INSULATIN( 


In this Appendix are given recom- 
mendations affecting certain standards 
and tentative standards covering elec- 
trical insulating materials which are 
referred to earlier in this report.’ In 
connection with each title is given the 
reference to the publication in which the 
standard appears in its present form. 


New TENTATIVE STANDARDS 


Tentative Specifications for Round 
Phenolic Laminated Tubing for Radio 
Applications :* 


These specifications cover round 


phenolic laminated tubing for radio and 
similar applications where high fre- 


quencies are involved. ‘They were pre- 
pared at the request of the Radio 
Manufacturers’ Assn. 


Tentative Method of Test for Punching 
Quality of Phenolic Laminated 
Sheets :’ 


The development of this method of 
test is described in a report on “An 
Investigation of Punching Quality of 
Laminated Phenolic Sheet,” prepared by 
Section H on Punching Quality of Sub- 
committee III, which appears in Ap- 
pendix II.‘ 


Tentative Methods of Preconditioning 
Plastics and Electrical Insulating Ma- 
terials for Testing:° 


This method has been prepared in co- 
operation with Committee D-20 on 
Plastics. 


NDIX I 


x MATERIALS 


Tentative Method of Test for Volatile 
Matter Content of Vulcanized Fiber: 


This method of test was developed to 
obtain more consistent results and to 
reduce the time required to determine 
the amount of moisture and other vola- 
tile ingredients in vulcanized fiber of al 
grades and thicknesses. 

STANDARD 


REVISION OF ‘TENTATIVE 


Tentative Methods of Test for Power 
Factor and _ Dielectric Constant 
of Electrical Insulating Materials 
(D 150-39 T):’ 


This revision provides for the measure- 
ment of power factor at frequencies 
above 1 megacycle using a susceptance 
variation method and better indexing of 
the present material. 

Section 1.—-Change from its present 
form to read as follows: 


1. These methods provide procedures for th 
determination of the power factor and dielectric 
constant of solid and fluid electrical insulating 
materials at frequencies from 25 cycles pet 
second to 100 megacycles per second. Thes 
procedures include five bridge arrangements, an¢ 


1 See p. 390. Jas 

2 These specifications were accepted as tentative 
Society and appear in the 1941 Supplement to 500 
A.S.T.M. Standards, Part III, p. 347. 

3 This method was accepted as tentative by thes 
and appears in the 1941 Supplement to Book of AS 
Standards, Part III, p. 359. 

4 See p. 403. 

5 These methods were accepted as tentative by 
Society and appear in the 1941 Supplement to 20% 
A.S.T.M. Standards, Part III, p. 320. 

é This method was accepted as tentative by the > ru 
and appears in the 1941 Supplement to Book of AS 
Standards, Part III, p. 352. P 

7 1939 Book of A’S.T.M. Standards, Part III, p. 4 


398 


three re 
tabulati 
the var 
applicat 
extent | 
rocedu 


onjugat 
Bridge 
High-Vol 
Bridge 
Parallel 
Bridge 
series-Re: 
Transforn 


Resonant 
sistance 
Resonant 
ceptanc 


Secti 
irst pi 
a8 folle 


Note 
methods 
Materia 
covering 
describe 
Tentatir 

Sheet 

Desig 


Tentatir 


and | 


form te 


(a) § 
materia] 
plate for 
second, 
tither a 
square p 
ably, th 
0.254 


| 
=” 
_ 
q 
« 
| 
Tentatiy 
Diele 
(AS: 
| Chai 
7 
| 
* 1939 
1  Thig 
|| 


a RECOMMENDATIONS ON STANDARDS FOR INSULATING MATERIALS 399 


three resonant-circuit methods. The following 
ubulation gives ranges of frequencies for which 
the various procedures are generally deemed 
plicable; these ranges overlap to a considerable 
atent and the suitability indicated for one 
ycedure is therefore not to be interpreted as 
acuding other procedures at a given frequency: 


Reference 

__| Usual Frequency 

Range, cycles per 
second 


Method 


| Section! 


Conjugate Schering 
i 25to 5000000 


25 to 10 000 

Bridge 
Series-Resistance Bridge) 25 
Transformer Bridge 


1 000 to 100 000 
200 to 100 000 
25 to 1 000 


Resonant-Circuit, Re- 
sistance Variation .... 
Resonant-Circuit, Sus- 
ceptance Variation.... 


100000 to 1000000 


10 000 to 100 000 000 


Section 11.—Add a note following the 
inst paragraph of this section to read 
as follows: 


Note.—The following specifications and 
methods of the American Society for Testing 
Materials now contain special requirements 

vering power factor tests in addition to those 
scribed in these methods: 
lentative Specifications for Phenolic Laminated 

Sheet for Radio Applications (A.S.T.M. 

Designation: D 467),8 
ientative Methods of Testing Varnished Cloths 

iid Varnished Cloth Tapes Used in Electri- 

il Insulation (A.S.T.M. Designation: D 

295), and 
‘entative Method of Test for Power Factor and 

Dielectric Constant of Natural Mica 

\.S.T.M. Designation: D 351). 


Change Paragraph (a) from its present 
m to read as follows: 


Sheets and Plates.—¥or testing sheet 
als and molded or ceramic materials in 
orm at frequencies up to 1.0 megacycle per 
1, the test specimen shall be, preferably, 
a disk 6 in. (15.24 cm.) in diameter, or a 
are plate 6 in. (15.24 cm.) ona side. Prefer- 
y the thickness shall be not less than 0.1 in. 
‘4 cm.) nor more than 0.3 in. (0.762 cm.). 


ti Supplement to Book of A.S.T.M. Standards, 


ASTM. Standards, Part III, p. 677. 


Other thicknesses may be used where it is 
desired to test materials of the various thick-' 
nesses in commercial use. In any case, the 
capacitance of the specimen shall be, preferably, 
not less than 100 uuf. When using the resonant- 
circuit resistance variation method, stray 
capacitances become troublesome and influence 
adversely the precision of measurement when 
the capacitance of the specimen is much less than 
100 

For tests made at frequencies from 1.0 to 100 
megacycles per second, the test specimen shall 
be, preferably, in the form of a disk 2 in. (5.08 
cm.) in diameter or otherwise of the same 
diameter as the electrodes of the capacitor which 
holds the specimen. Material in commercial 
use will determine the thickness of the specimen 
under test. In any case, the capacitance of the 
specimen shall be, preferably, not less than 15 
upf. nor more than 45 yyf. although satisfactory 
results may be obtained with specimen capaci- 
tances up to 80 pyf. 

For all tests, the thickness of the specimen 
shall be uniform within plus or minus 5 per cent 
of the nominal thickness and the surface shall be 
as smooth and free as possible from irregularities. 


Section 13.—In the last sentence of the 
first paragraph of Paragraph (a) change 
the value “10 megacycle per second” to 
read “1.0 megacycles per second,” and 
add a new sentence to read as follows: 


With materials of high dielectric constant and 
electrodes of comparatively thin foil it may be 
desirable to introduce the test current to the foil 
through a copper ring or plate rather than by a 
single wire making contact at the center of the 
electrode. 


At the end of the third paragraph 
add a new paragraph to read as follows: 


For measurements at frequencies from 0.1 
to 100 megacycles per second by the susceptance 
variation method, the electrodes shall be lead or 
tin foil 0.00025 to 0.002 in. in thickness. The 
foil electrodes shall be applied with a very thin - 
film of petrolatum and carefully rolled down on 
the surface of the specimen with a narrow roller 
until no visible imprint can be made on the foil 
with the roller. Preferably, the two electrodes 
shall be circular and shall cover the full area of 
both sides of the test specimen. One satis- 
factory method of applying such electrodes is 
to start with foil larger than the specimen and 
trim it to size with a razor blade after it has been 
rolled on the specimen. BS 
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Section 14 (a).—Add the following two 


- new sentences at the end of this para- 


graph: 


With the susceptance variation method it is 
usually necessary to place all the apparatus, 
exclusive of the oscillator and sometimes the 
vacuum-tube voltmeter, in the temperature 
chamber. The maximum temperature at which 
measurements may be made is limited by the 
type of adhesive used to affix the electrodes. 


Section 15.—Change from its present 
form to read as follows: 


15. The frequency ranges for which the 
following methods are, at present, deemed 
suitable, have been indicated in Section 1. As 
indicated there the ranges overlap for the 
several methods and the choice of method in 
any given situation will usually be determined 
by the laboratory equipment available, such as 
resistors, capacitors, detectors, amplifiers, insu- 
lating transformers, and the like. All procedures 
described in these methods are capable of 
yielding results of the stated accuracy. 


Section 19 (a).—Change the last three 
sentences to read as follows by the 
addition of the italicized words and the 
omission of those in brackets: 


The procedure contemplated in these cases 
is first to secure a reading with the connections 
as shown, and then to [disconnect and ‘‘ground” 
the “high” plate of the test capacitor] remove 
from the circuit the specimen capacitor, that is, Cx; 
following [which] this the circuit is restored to 
its previous condition by changing C2 and varying 
the means for changing power factor, the rest of 
the bridge or resonant circuit remaining un- 
changed. The effects of various residual errors 
in other parts of the circuit are thereby mini- 
mized. The equivalent parallel capacitance Cy 
of the test specimen will then be calculated from 
the change in reading of the variable precision air 
capacitor, Co. 


Section 23 (a).—Change the first 
sentence from its present form to read 
as follows: 


See Fig. 8. This bridge is useful where the 
voltage required across the specimen capacitor 
is in excess of about 100 v., and is appli- 
cable for all frequencies from 25 cycles per 
second up to about 10,000 cycles per second, the 
chief limitations at the higher frequencies being 
the amplifier used with the detector and the 
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elimination or evaluation of stray capacitance 
in the resistor R3. When C; can be made ad- 
justable so that the arms R; and R, can be 
identical resistors the method is applicable to 
frequencies up to 1 megacycle per second 


Section 27.—Change the second sen- 
tence of Paragraph (qa) to read as follows 
by the addition of the italicized words 
and the omission of those in brackets: 

This method is [recommended] applicable for 


frequencies from about 100 kilocycles per second 
{upward] up to 1.0 megacycle per second. 


In Paragraph (5) omit the third sen- 
tence which read as follows: 


The voltmeter has been found more satis. 
factory at frequencies of the order of 5 mega- 
cycles per second and upward. 


At the end of Paragraph (b) adda 
footnote reference to the word “source” 
and add a new footnote to read as 
follows: 


* The series inductance and resistance of the 
leads in the circuit of C, from the junction with 
the circuit of C; may produce serious errors. 
The leads should be kept as short as possible and 
form as small a loop as possible. If several 
values of capacitance, which have been otherwise 
standardized, can be inserted in the place of the 
specimen capacitor, C,, with no other change in 
the configuration of the circuit, the inductance 
and resistance of the leads may be determined. 
The inductance and equivalent resistance of the 
circuit of the variable standard capacitor, G 
will sometimes require evaluation at the higher 
frequencies. See paper by R. F. Field and D.B. 
Sinclair, “A Method for Determining the 
Residual Inductance and Resistance of 4 
Variakle Air Condenser at Radio Frequencies,” 
Proceedings, Inst. Radio Engrs., Vol. 24, p. 2% 
(1936). 


In Paragraphs (a) and (c) and in Fig 
13 change the designation of the capac 
tor from “C,” to read “C2,” wherever It 
occurs. In Equations 17 and 18 and in 
the explanation of the terms in the 
equations, change “C, and C's” to read 
and C's,” respectively. Thes 
changes are suggested to bring Fig. 3 
into agreement with other figures and 
with previous text. ; 

New Procedure—Add a new Sectiot 
28 and Paragraph VI to Appendix I 
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section 


dix 


comprising a description of the Sus- 
geptance Variation Method, renumber- 
ing the subsequent sections, figures, and 
paragraphs accordingly. Since this addi- 
tion is rather extensive, the description 
designated as Section 28 and additional 
information are appended hereto." 


Section 29 (b).—Change the paren- 
thetical phrase ‘‘(or kilocycles)” to read 
“(or kilocycles or megacycles)” to pro- 
vide for reporting results of the new 
| Susceptance Variation Method. 

Bibliography.—Add the following new 
reference on Resonant Substitution 
Method : 


R. F. Field and D. B. Sinclair, ‘‘A Method for 
Determining the Residual Inductance and 
Resistance of a Variable Air Condenser at Radio 
Frequencies,” Proceedings, Inst. Radio Engrs., 
Vol. 24, p. 255 (1936). 


Add a new heading ‘“Susceptance 
Variation Method” and include the fol- 
lowing new references: 


L. Hartshorn and W. H. Ward, “The 
Measurement of the Permitivity and Power 
Factor of Dielectrics at Frequencies from 104 
to 10° Cycles per Second,” Proceedings, Inst. 
‘ectrical Engrs. (London), Vol. 79, p. 597 to 609 
1936). 

D. B. Sinclair, “Parallel Resonance Methods 

t Precise Measurements of High Impedances 

Radio Frequencies and a Comparison with the 

tdinary Series Resonance Methods,” Proceed- 

Inst. Radio Engrs., Vol. 26, p. 1466 (1938). 

K. G. Coutlee, R. F. Field, E. O. Hausmann, 

iomas Hazen, and J. R. Meahl, “Measurements 

' Power Factor and Dielectric Constant at 

tra High Frequencies,” Preprint No. 81, for 


‘40 Annual Meeting Am. Soc. Testing Mats., 
june 23-27. 


Tentative Methods of Sampling and 
Testing Untreated Paper Used in 
Electrical Insulation (D 202-40 T) 


The withdrawal of the Standard 
Methods of Analysis of Roofing Felt for 


Tile revision was accepted as tentative by the Society 
be to een incorporated in the methods which appear 
Part TH Supplement to Book of A.S.T.M. Standards, 
D. 375, 
tI p10 Supplement to Book of A.S.T.M. Standards, Part 


* See also Editorial Note, p. 396. 
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Fiber Composition (D 272 — 34) orig- 
inally sponsored and developed by 
Committee D-8 on Bituminous Water- 
proofing and Roofing Materials was ap- 
proved by the Society in 1940. Sub- 
committee VIII believes that the use of 
this method of analysis for insulating 
papers is too limited to justify continued 
reference to it in Methods D 202. It is 
accordingly recommended that in Meth- 
ods D 202, Section 41 on Fiber Compo- 
sition which refers to the analysis 
methods D 272 be omitted, renumber- 
ing the subsequent sections accordingly. 

Committee D-6 on Paper and Paper 
Products prepared the Tentative Method 
of Test for Ash Content of Paper and 
Paper Products (D 586 — 40 T)"* which 
was accepted by the Society at the 1940 
annual meeting. It is recommended 
that the procedure for determining ash 
content as described in Methods D 202 
be changed as follows: 

Sections 42 to 45.—Substitute for these 
sections the following new Section 41, 
renumbering the subsequent sections 
accordingly: 


41. The determination of ash content shall be 
made in accordance with the Tentative Method 
of Test for Ash Content of Paper and Paper 
Products (A.S.T.M. Designation: D 586) of the 
American Society for Testing Materials.'4 


Tentative Method of Testing Glass 
Spool Insulators (D 550 — 39 T):'5 
The following change in the mechani- 

cal strength procedure is being recom- 

mended: 
Section 6.—Change the last two sen- 


tences from their present form to read 


as follows: 


The load shall be increased from 75 per cent 
of the rated strength of the insulator to failure 
at a rate per minute of not less than 30 nor more 
than 60 per cent of the rated strength of the 
insulator. The strength of the insulator shall be 
considered as the load at the first sign of failure. 


141940 Supplement to Book of A.S.T.M. Standards, 
Part III, p. 491. 
16 1939 Book of A.S.T.M. Standards, Part III, p. 719. 
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ADOPTION OF TENTATIVE STANDARD AS 
STANDARD 


Tentative Methods of Testing Varnishes 
Used for Electrical Insulation (D 
115 — 39 T):'° 


The committee recommends that these 
methods be approved for reference to 
letter ballot of the Society for adoption 
as standard. 


Tentative Method of Test for Acetone 
Extraction of Phenolic Molded or 
Laminated Products (D 494 — 38 T):'” 


The committee recommends that these 
methods, revised as follows, be approved 
for reference to letter ballot of the 
Society for adoption as standard: 


Section 2 (c).—Change from its pres- 
ent form: namely, 


(c) Drying Dishes.—The drying dishes shall 
be thin tinfoil dishes 2} in. in diameter, 17¢ in. 
in height, and from 0.004 to 0.005 in. in wall 
thickness, of the type used for milk analysis and 
for bottle caps. es 


to read as follows: 


(c) Drying Dishes.—The drying dishes shall 
be lightweight dishes, approximately 23 in. in 
diameter and 1} in. in height. 


Section 3 (e).—Change to read as 
follows by the addition of the italicized 
words: 


(e) After sieving, the sample (that portion 
which has passed through the No. 40 sieve and 
has been retained on the No. 140 sieve) shall be 
placed immediately in an airtight container to 
prevent absorption of moisture by the powder 
and the consequent error in results. 


Section 4 (b) and (c).—Omit the word 
“tinfoil” wherever it appears in these 
paragraphs. 


16 1939 Book of A.S.T.M. Standards, Part III, p. 662 
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Tentative Method of Test for Arc Re. 
sistance of Solid Electrical Insulating 
Materials (D 495 — 38 T):'8 


The committee recommends that this 
method, revised as indicated below, be 
approved for reference to letter ballot of 
the Society for adoption as standard: 

Section 1.—Change from its present 
form to read as follows: 

1. This method of test is intended for d 
termining the relative arc resistance of all solid 
electrical insulating materials. It serves t 
classify materials broadly rather than to bring 
out slight differences between materials 
similar composition. Differences in arc resist- 
ance must be in the order of 2 to 1 (in seconds 
in order to be significant. The general grouping 
of several widely used classes of insulating 
materials is approximately as follows: 

Hot molded or laminated materials 
(general)... 
Hot molded or laminated materials 
(higher arc resistant types) 
Cold molded materials ecbeniony) 60 to 300 sec. 
Cold molded materials (refractory)... 240 to 480 sec 
Special materials (porcelain, wet or 


dry process; fused quartz; mest gs ade 


slate; and similar materials) 420 to 660 s 


Tentative Method of Measuring Shrink- 
age from Mold Dimensions of Molded 
Materials Used for Electrical Insula- 
tion (D 551 39 T):"® 
The committee recommends thal 

these methods be approved for referenc 

to letter ballot of the Society for ado, 
tion as standard. 


EDITORIAL CHANGE IN STANDARD 


Standard Methods of Testing Molding 
Powders Used in Manufacturing 
Molded Electrical Insulators (D 39 
- 38)* 


Figure 1.—Omit the angle “690°” frot 
the dimensions of the funnel since ts 
angle is inconsistent with the height an 
diameter of the frustum of the conic 
funnel. 


18 1939 Book of A.S.T.M. Standards, Part III, p-! 
19 Jbid., p. 698. 
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APPENDIX II 


AN INVESTIGATION OF PUNCHING QUALITY OF LAMINATED 7 
PHENOLIC SHEET 


Report OF SECTION H ON PUNCHING QUALITY, oF SUBCOMMITTEE IIT 
ON PLATES, TUBES, AND Rops 


The purpose of this investigation was 
to find what relation exists between any 
ofthe physical and mechanical properties 
of laminated phenolic sheet and _ its 
punching quality, with the thought in 
mind that a measurement of these 
properties would thus provide a measure 
of punching quality. 

In connection with this investigation, 
4 point scoring system was developed 
ty which it is possible to give a rating or 
sore to the quality of the punching. 


Methods of Test and Materials Studied: 


Tests were made upon all properties 
which it was thought would have any 
lirect relation to punching quality. 
these tests included 24-hr. water ab- 
sorption, Izod impact, cold flow, cold 
Rockwell hardness, and hot Rockwell 
irdness taken at two different tempera-— 
All of the tests were made in 
ordance with the standard A.S.T.M. 


olded 
isula- 


that 
erence 
adop- 


éthods with the exception of the hot — 


Rockwell hardness and cold flow de-. 
scribed below. 

These tests were conducted on grades 
XP, XXP, XXXP, X, XXX and CE 
thicknesses ranging from zz to in. 
the following companies collaborated 
in this work: 


Westinghouse Electric & Manufacturing Co., 
¢ Formica Co., 

Western Electric 

National Vulcanized Fibre Co., 

Continental-Diamond Fibre Co., and 


Considerable credit should go to G. 
H. Mains, of the National Vulcanized 
Fibre Co., for his excellent work in 
pioneering and coordinating the work of 
this committee and in carrying on this 
work along with the chairmanship of 
several other committees. 

To evaluate punching quality prop- 
erly, it was felt necessary to construct 
a special punch and die which would 
include round holes ranging in size 
from 76 up to { in. in diameter, the 
largest hole having its edge 0.045 in. 
from the edge of the piece. A rectan- 
gular hole was placed in the center to 
check the effect of small radius (3'z in.) 
corners on the surface sheet. 


TABLE I. 


PUNCH PRESS CONDITIONS 
Speed of 
Punching 
Length 


| Stroke, |Revolu-| ¢ 


Collaborator 
7 in. tions 


Continental 
Formica. . 
National 

Western Electric. . 
Westinghouse 


The presses used by the various col- 
laborators ranged from 25 to 30 tons; 
the speed of punching and length of 
stroke are given in Table I. The details 
of the punch and die are shown in Figs. 


ynthane Corp. re fand2. The size of the punchings used 
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in the tests and the location of the 
holes are given in Fig. 3. 


Test Data: 

The point rating or grading chart 
mentioned above is described in the pro- 
posed Tentative Method of Test for 
Punching Quality of Phenolic Laminated 
Sheets.' Under this rating system, five 
of the collaborators made observations 


Knockout 


!-Rectangular Punch 
0.381"x0.131" See Radu 
< in Knockout 


Too! Steel, | 4-Holes 0.254 


Note.-0.002"Clearance 
should be allowed 
between punch ond 


Tool Steel; 


agreement between the collaborators jn 
the reports on relative punching quality 
of grades and thicknesses, although jp 
some instances, one of the collaborators 
migat be out of line on one or two grades, 
Data are shown on Tables II and II. 
In the case of grade X-101, } in, in 
thickness, punched cold, however, dif. 
ferences in rating were due to the fact 


r+ 


w 

a 


2 


Hardened and Ground 
Pins “Mild Steel” | Match Die 


4 Required / in Reverse 


0. 


Hardened and Groun 


Die Punch Plate 


Knockout Plate 


“Do Not Harden” 


Note.-Clearance between 
knockout and die punches 
to bea sliding fif,except 
where otherwise shown. 


Knockoot 
(Or Upper Stripper Plate) 


Fic. 1.—Details of Die and Punch. 


upon the punching quality of the 
various grades and thicknesses. One 
series of observations was made on 
samples punched at room temperature 
and another series of observations on 
the same set of samples punched 
while hot. 

There was, in general, fairly good 


' 1 This method was accepted as tentative by the Societ 
and appears in the 1941 Supplement to Book of ASTM. 


Standards, Part III, p. 359. 


that two collaborators succeeded in ob 
taining some punchings at least which 
were whole while others found t 
punchings to crack so badly as to b 
worthless. 

To check the effect of rating by al 
ferent observers on the same punchings 
three observers rated one complete # 
of the punchings. The first repo 
showed quite a variation in rating ® 


TABLE 


(P 


CE0-552 


XP-2 


INVESTIGATION OF PUNCHING QUALITY 


TABLE II.—SUMMARY OF PUNCHING GRADINGS BY COLLABORATORS, PUNCHING TESTS AT ROOM | 
TEMPERATURE. 


Average Point Grading on Arbitrary Scaie* 


Thickness, in. West- Aver- 


e of 
ive 

Collab- 
orators 


XP (Dilecto) 


XP-208 (Phenolite) 


XXP (Dilecto) 
XXXP (Dilecto) 


XXX (Dilecto) 


(Phenolite) 


(B0-552A (Phenolite) 


PUNCHING GRADINGS BY COLLABORATORS, STRIPS HEATED 15 MIN. AT 
135 C. BEFORE PUNCHING. 


| Average Point Grading on Arbitrary Scale® 


Aver- 
Sample Thickness, in. West- 

| Conti- | of 


ive 
tional | nental Collab- 
orators 


CEO-552A 


in 
iy 
h in 
itors — 
Maxi- 
ales, mum 
G Devia- 
Ill. tion 
from 
In Aver- 
dif- 
7 No. 0-365 |%.............] 93 93 97 92 93 94 +3 : 
at No. 0-366  Sableeindenei 83 73 87 87 83 83 —10 
| 63 73 77 73 74 
No. 1073 86 97 83 93 89 +8 
No. 1075 50 63 68 70 62 2 
No. 0-364 63 52 70 62 62 —10 
No. 0-360 | , es ae 80 83 83 87 85 +8 
83 83 83 90 85 +5 
No. 0-369 eee 42 35 60 33 63 7 +i 
No. 0-370 
No. 1070 80 73 87 80 83 81 —8 
No. 1071 $0 63 73 64 re 
93 86 90 85 | 93 88 +5 
No. 1078 | 80 80 87 81 +6 
Maxi- 
Grade Devia- 
tion 
from 
Aver- { 
age 
0-365 97 83 83 88 +9 4 
No. 0-366 76 76 3 | 77 75 +2 
No. 0-367 ers 63 56 42 50 55 53 —11 4 
208 No. 1073 90 | 97 73 87 86 
No. 1074 83 | 80 65 73 76 —i1 
es No. 1075 Sphere 63 70 57 52 63 61 +9 
XXXP No.0-360 | 96 | 90 | 100 | 88 | 93 | 93 | 47 
No. 0-361 ates 1 93 85 83 88 +5 ' 
80 75 80 78 +5 
XXX No. 0-368 Racks | 93 100 93 93 95 +5 “ 
| No. 0-369 83 73 b 87 82 -9 
, | No. 0-370 7a 83 70 55 73 69 +14 
| No. 1070 83 93 80 | 80 84 +9 
ob- No. 1071 76 70 67 | 80 74 -7 
| No. 1072 40 67 42 | 77 60 —18 
which | No. 1076 teen 90 93 90 90 92 +4 
h No. 1077 Laas: 82 93 85 87 89 +7 ; 
nd the No. 1078 9 | 80 90 80 80 85 | +11 
3 to be : — point grading for quality of edge, surface, and holes. TD 
ychings, 
| 
lete se! 
report 
ings 
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certain punchings. For instance, pro- 
nounced bulging around the holes was 
in some instances rated as a point rating 
against the surface, whereas it should 
actually apply against the holes. How- 
ever, in these instances the point rating 
of edge, surface, and holes usually adds 
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various grades and thicknesses. These 
results are shown in Table IV. 

The photographs in Appendix II of 
the proposed method! indicate various 
point gradings of edge, surface, and holes, 
These photographs may serve as a 
guide to the proper grading of punchings 


Squore 
| Hole for Positive 
--/$-- 


Knockout Pin 


Commercial Die Set 


H Knockout Plate 
Knockout Pins 


| 
| 


Mild Steel~_ 


~ 


Stripper Plate ~~ 


Stripper Plate Springs. 


~ 


Knockou 


Medium -Pressure, 
High-Def lection 
Springs 


+ 
+ 


Counter Bore 4-Holes~72~ 
Idiam. x 4 Deep 


Stri Plate 
0005" Clearance 


Die Assembly 


Fic. 2.—Die Assembly. 


up to about the same total point rating. 
In other instances, some observers rated 
a surface as “good” which others rated 
as “fair” or as “‘very good.” However, 
a second series of observations taken by 
three of the collaborators working to- 
gether resulted in a more complete 
agreement as to the ratings of the 


Rockwell Hardness Tests at Room Te 
perature: 


The Rockwell hardness tests at 100! 
temperature were conducted in accot 
ance with the procedure outlined ™ 
Sections 39 to 42 of the Standart 
Methods of Testing Sheet and Platt 


I 
Grade... 
Sample Ni 
Thickness 
| old Punc 
| 
> ¢ 
7 3 Rad- 7 | 
heatec 
= 
= 
| | 
| 
é ‘ > - 
— 
| \ 
| 
. 
a 
XXP 
| 
X-101 
CEO-5 
Average 


_ INVESTIGATION OF PUNCHING QUALITY 


‘TABLE IV.—SUMMARY OF POINT GRADINGS IN PUNCHING TESTS. 
RESULTS OF SECOND SERIES OF OBSERVATIONS BY THREE COLLABORATORS WORKING TOGETHER. 


XXXP |XXP| XP | XXX | X-101 XP-208 


CEO-552A 


orn! 
364 368/369 3701070 1071|1072 1073)1074 


1075) 1076) 1077/1078 


Cold Punching 
Edge 


Surface 


Holes 


Average 


coco coc ooo 


lot Punching, 
heated 15 | Edge | 
min. at 135 C. 60 


tad 80 65 
75) 40 
5, 75 65 
Holes 80 70 
| 80 70 90 
} 75| 78 65) 83 


Average | 78| 60 82 
77, 78 57, 83 


LE V.-_SUMMARY OF ROCKWELL HARDNESS TESTS BY VARIOUS COLLABORATORS AT 25 C. 
‘ote.—Numbers under collaborators names indicate order in which Rockwell hardness tests were made. 


| Rockwell Hardness, M Scale 


Thickness, in. 


10. O-365 
O-366 
No. O-367 
No. 1073 
Yo. 1074 
Yo. 1075 


Yo. 0-363 


No. 0-364 
O-360 
No. O-361 
10. O-362 
10. 0-368 
0. 0-369 
O-370 


— 
— in 
ous mple Number ........... 
les. 4 
a Thickness, in.............. 
ngs, Labo- 
ratory 
| 1...] 95} 90} ..| 90) 95) 85| 25| ..| 90 | 85 95 | 90 | 85 | 85 | 80 | 75 
| 2...| 95) 90) .. 95) 85| 95! 90, 85| 25| ..| 90 | 80 95 | 90 | 90 | 90] 85 | 70 
3...| 95| 90) 95) 90, 95| 90 90, 25| ..| 80 | 8¢ 95 | 95 | 90 | 90] 80} 70 
1...| 60 a ..| 73) 40} 85] 80) 70) 60) 25) ..| 60 | | 30 | 70 | 80 | 75 | 75 : 
2...| 55| 40| ..| 75) 40] 85| 80| 70| 60| 40) ..| 50 | Sc 70 | 65 | 50 | 80 | 75 | 75 \ 
3...| 70) 60) ..| 75) 85 85} 80| 50) ..| 50 | 5¢ 85 | 85 | 70| 80| 75 | 75 
1...| 95] 80} ..] 95] 80) 95) 75) 95| 75) ..| 90 | 95 | 90| 75 | 95 | 95 | 90 
2...| 95} 85| ..| 95| 90| 85) 75| ..| 90 | 9¢ 95 | 90 | 90 | 95 | 90 | 90 
..| 90] 95 95| 90 90 | 95 | 95 | 90 |100 | 95 | 90 
1...| 83) 72) ..| 90] 70) 92) 87) 83| 42) ..| 80 | 75 92 | 87 | 77 | 85 | 83 | 80 
| | 82 72 ..| 88} 70, 92} 87) 83) 47) ..| 77 | 7: 87 | 82 | 77 | 88 | 83 | 78 
3...| 87 $9) ..| 88| 77| 93) 93) 83) 90 48) ..| 73 | 73 93 | 93 | 83 | 90 | 83 | 78 
so % 95) 95 | 30 | 65 | ss | 95 | 85 | 80 
70| 50) ..| ..| ..| 80] 71 85 | 70 | 60 | 95 | 90 | 90 
10) 60) 90) 80 | 85 | 70 | 60 | 95 | 85 | 80 
30, 75, ... ..| 40, 65 | 40 | 30 | 80 | 80 | 75 | 80 | 75 | 75 
75| 50} ..| ..| ..| 60 | 40 | 25 | 75 | 50] 40 | 80 | 75.) 75 
70, 50, ..| ..| 50, 60 | 40 | 25 | 70 | 50 | 40 | 85 | 70 | 70 
75| 25, ..| ..| 30; 80 | 80 | 25 | 60 | 25 | 95 | 90| 85 
80, 70 ..| ..| 80| 75 | 80 | 85 | 75 | 60 |100 | 95 | 95 
" 70, ..| ..| 90) 90 | 80 | 80 | 90 | 80 | 70 |100 | 90 | 90 
50 ..| ..| 55 80 | 67 | 42 73 | 65 | 52 | 90| 87 | 80 
75| 57| ..| ..| ..| 73 | 62 | 55 | 82 | 65 | 53 | 92 | 87 | 87 
73, 60 ..| 77 77 | 67 | 52 | 82 | 67 | $7 | 93 | 82 | 80 
a- ern a- mum 
‘Sample tional | Elec- | For- Conti- | tional | | Devia- 
(1) tric | mica nental (6) tion 
April, | (2) (3) | (5) |March,| | from 
] 1938 | (72F., 1939 Aver- 
22 C.) age 
M%.......) 67 70 | 79 83 79 84 77, | —10 
74 | 79 83 | 79 77 
71 79 84 | 83 78 78 
08 82 89 89 88 84 86 
%......| 84 74 89 84 | 91 86 86 | —12 
76 89 91 92 85 39 | —13 
....... 80 | 89 90 | 89 85 87 
P W%......| 97 | 101 | 106 | 105 | 105 103 | 103 —6 ; 
% ......| 104 | 103 | 106 | 109 | 107 108 | 106 +3 
Tem- XXX %......) 108 107 106 109 | 111 109 | 108 +3 
98 | 108 92(?) | 104 100 +4 
%......1 106 106 | 108 110 | 112 109 | 109 +3 - = 
X-101 110 101 | 108 113 | 113 112 110 
No. 1070 106 | 111 111 | 112 110 | 110 
t room No. 1071 108 109 | 111 113 | 112 110 | 111 —3 
No. 1072 10 | 111 113. | 115 111 112 +3 
accor No. 1076 105 | 106 | 112 111 | 110 108 | 109 -4 
. No. 1077 %.......| 108 | 110 | 112 112/112 | 112 111 —3 
‘ned if No. 1078 Y%.......) 108 | 10 | 112 | | -3 
all values 96 | | 100 | | tor | 
d Plate 
‘ 
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Materials Used in Electrical Insulation in hardness of all grades on the average 
(A.S.T.M. Des‘gnation: D 229 - 39).2 during the 11-month period, except for 
A summary of the Rockwell hardness the grade XP sample where the average 
tests at room temperature made by the increase in hardness was 11 Rockwell 

various collaborators is given in Table V. numbers. 
There are three sources of variation in For the other samples, then, a com- 
the Rockwell hardness values: parison of the Rockwell hardness values 
1. Differences in equipment and_ reported by the various laboratories 
method between the various col- gives a fairly good idea of how close 
laborators, such values can be checked without 
2. Possible change in the Rockwell particular stressing of conditioning or 
hardness values of the materials them- period of aging, and upon samples 
selves due to aging or change in which were cut from the same group of 
conditions during the period of 11 sheets molded at one time from the same 
batch of material and consequently 
include variations between sheets and 
between various portions of the same 

sheets. 

Considered as a whole there is very 
_________ good agreement in the Rockwell hard- 
a T ness values at room temperature. The 
.| average of the hardness values for four 
of the collaborators for all of the speci- 
en £0 mens is M-101, M-100, M-99, and 
44 M-101, respectively. The average value 
{ &:diam. Hole of M-94 for the other collaborator 
\f'diom. 2 Holes (Western Electric) seems to indicate 
that these readings are consistently low 
for some reason. All of the above values 

For Materials bs to gin Thickness, Inclusive. were taken within a 6-month period. 

The average value of the specimens taken 

several months earlier, April, 1938, was 

Fic. 3.—Punchings Used in Investigation , 
of Punching Quality of Laminated Phenolic M-96 compared with M-99 in March, 
Sheet. 1939, measured on the same specimens 

and machine. The value of M-92 ob 
months which was required to complete tained by Continental-Diamond Fibre 
the round-robin tests, and on grade XXX, 37 in. in thickness, seems 

3. Variation in Rockwell hardness to be in error. 
value between various specimens of the 
same grade and thickness. Hot Rockwell Hardness Tests: 

In order to eliminate the factor of The hot Rockwell hardness tests wer 
age as much as possible, two checks were made at temperatures of 105 and 135C. 
made by one collaborator (National following the “Procedures for Rockwell 
Vulcanized Fibre) at the beginning of Test at Elevated Temperatures” d¢ 
and at the completion of the round-robin scribed in the proposed method.! The 
tests. These showed that there was hot Rockwell hardness tests were nol 
a slight increase (only 2 to 4 points) quite as satisfactory. This was possibly 

#1939 Book of A.S.T.M. Standards, Part III, p. 265. due to inexperience with this test 00 the 
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part of some of the collaborators, to the 
directions of test being not quite specific 
enough, or because of some differences 
in the testing machines which shows 
up in the hot Rockwell test. The hot 
Rockwell hardness values obtained by 
the Western Electric and National Vul- 
nized Fibre Companies, both of whom 
had made previous hot Rockwell com- 
jarative tests, were fairly consistent. 
Values reported by Formica also agreed 
quite well with these, although they were 


cold Rockwell hardness value for the 
punching grades. The hot Rockwell 
hardness values for the softer punching 
grades are very low, probably too low, 
making the specimen too soft under these 
conditions for best punching. 


Hot Punching Under Other Temperature 
Conditions: 


Four of the collaborators also punched 
the samples under a third set of condi- 
tions, that generally used by their 


TABLE VI.-SUMMARY OF HOT ROCKWELL HARDNESS TESTS BY COLLABORATORS. 
Specimens heated 15 min. at 135 C., then Rockwell hardness values plotted against time after removal from oven. 


es at 60 and 120 sec. shown. 


Rockwell Hardness, M Scale 


Sample Thickness, in. 


Western Electric 


National Formica 


O-365 
. 0-366 
No. O-367 
Jo. 1073 
No. 1074 
Yo. 1075 
No. 0-363 
No. 0-364 
Yo. O-360 
No. O-361 
No. O-362 
No. 0-368 
No. 0-369 
O-370 
Yo. 1070 
vo. 1071 
No. 1072 
Yo. 1076 
Jo. 1077 


No. 1078 


60sec. | 120 sec. 


120 sec. 


made only on material 3s in. in thick- 
ness. The other two collaborators evi- 
ently made their measurements too 
rapidly and too close together to obtain 
satisfactory curves. 

the values obtained by the three 
llaborators using the proposed ten- 
ative method! are given in Table VI. 
‘should be noted that these hot Rock- 
well hardness values distinctly bring 
“ut the differences between the plasti- 
ed or punching grades and the hard 
grades. They also show that the hot 
Rockwell hardness value for the hard 
grades at the end of 60 sec. after removal 
‘fom the oven is about the same as the 


respective fabricating plants. These 
conditions are shown in Table VII. 

In general, the collaborators reported 
no great difference between the punch- 
ing test at 135. after heating for a 
15-min. period, and their own plant hot 
punching condition as regards quality 
of the punchings. National Vulcanized 
Fibre reported that the lower tempera- 
ture of 108C. and the shorter time 
improved somewhat the punching 
quality of the cold-punching grades XP 
in the 4-in. thickness with less drag on 
the edges and less bulging of holes. 
Of course, this temperature was too low 
for best results with grades XXX or 


Tage 
t for 
| 
kwell | 
! 
com- 
alues 
‘ories 
cl 
thout 
or q 
rples 
up of 
entl 
tly — 
same | | 
very 
four XP-208 22 31 32 4G 26 36 
speci- 37 42 54° 
pater 27 35 39 49 29 40 
and XXP 33 32 45 
val 35 40 53 24 39 : 
alue XXXP 33 46 : 
orator 35 47 60 36 
dicate x 4 37 53 42 64 56 
95 sR ee 
y 92 93 108 38 
values 88 98 ion 66 
eriod. 0.552A 92 93 102 
85 93 90 100 
farch, 
jmens 
)2 ob- 
Fibre 
seems 
were 
135C. 
ckwell 
de- 
| The 
re not 
ossibly 
on the 
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X-101. Westinghouse reported slightly 
better results with grades XXX and 
X-101 at 140C. than at the 135C. 
condition. 


Comparison of Punching Properties with 
Other Physical Tests: 


Table VIII shows a summary of all 
tests conducted on the various grades 
along with the average point score for 
cold and hot punchings taken from 
Table IV. The various tests were made 
in accordance with A.S.T.M. standard 
methods except for the hot Rockwell 
hardness, already described. The cold 
flow tests were made with the Rockwell 


between the various collaborators upon 
the punching quality of the materials 
punched under standard conditions using 
the die which was circulated. There js 
even closer agreement between the three 
observers who checked one set of the 
punchings. Variations that occur jn 
rating quality of edge, surface, or holes 
are due to one observer attaching more 
importance to certain defects than did 
the others; in these cases the average 
value of the punching was, however, 
generally little affected. 

2. The greatest factor affecting punch- 
ing quality is thickness of the sheet. 
Any grade can be satisfactorily punched 


TABLE VII.—ADDITIONAL SET OF HOT PUNCHING CONDITIONS USED BY VARIOUS COLLABORATORS 


Collaborator 


Continental........... 
Formica 


steam hot plate 
steam heated oven 


AND REPRESENTING THEIR USUAL FABRICATING PLANT PRACTICE2 
Heating Device 


electric oven 
steam hot plate 


Temperature | 


185 to 190 C. 
96 (covered) 
119 C. (uncoyered) 

108 C. 


140 C. 


to 24° 


“ Western Electric reported that conditions varied so much with grade thickness and application in its plant practic 
that no one set of conditions could be specified as general plant practice. . oa : 
Time is varied according to the thickness of the strip and to the grade until the strip is flexible enough to suit the 


operator. 


© Thin sheets of the punching grades are heated on the covered hot plate at 96 C., while thick sheets of punching grades 


and all thicknesses of grade XXX a ¢ heated at 119 C. 


This temperature is primarily for punching grades. Thick sheets of grade XXX are generally heated in an electric 


oven at 175 to 225 C. from 4 to 2 min. 


machine, measuring the change in in- 
dentation under a 100-kg. load over a 


10-min. period.* 


Conclusions: 


A study of these data by the commit- 
tee has led to the following conclusions. 
1. In general, there is good agreement 


3 The method for measurement of cold flow using the Rock- 
well hardness machine was as follows: 

Apparaius.—Rockwell hardness machine, }j-in. ball 
penetrator, and a stop watch. 

Specimen.—1 by 1 in. square with ete of minimum 
_ of layers to produce a total thickness of at least 

-in. 

Temperature.—25 + 2C. 

Testing.—Place the pile-up on the flat anvil, and with 
}-in. ball in place, bring minor load to bear by screwing 
up anvil. As soon as adjusted to zero, apply the major 
load of 100 kg. At the instant the crank handle mechan- 
ism comes to a stop, start the stop watch and take an in- 
stantaneous reading. Takea second reading at the end 
of 10 min. 

Report.—The cold flow value is reported as the number 
of divisions change during 10 min 


cold in thin sizes 3 in. and under, and 
most grades can satisfactorily 
punched hot up to and including is 
in. in thickness. Cold punchings of 
grades X and XXXP in §-in. thickness 
were worthless. Cold punching of grade 
XXX 3-in. thickness was also worthless. 

3. There is an optimum heating con- 
dition for punching the various grades, 
depending upon the grade and thickness. 
Too high a temperature makes the 
material too soft which may result 1 
nearly as poor punchings as too low 4 
temperature. 

4. Rockwell hardness seems to be 
definitely tied into punching quality for 
a definite grade of material or even for 
all absorbent paper base grades. For 
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paper base punchings the data indicate 
that Rockwell hardness values must be 
between M-65 and M-85 for good cold 
punchings with the standard die in 37 in. 
or greater thicknesses. For materials 
harder than this, heating to such a 
temperature that the hot Rockwell value 
at 120 sec. lies in this range, M-65 to 
M-85 will also give good punchings. 
Material 7s in. in thickness can be 
satisfactorily punched cold up to M-105. 

Rockwell hardness is particularly tied 
in with the condition of the edge and of 
the hole but bears no direct relation to 
the condition of the surface which de- 
pends largely upon the resin content of 
the surface sheet or ply and the bond 
between it and the other plies. 

5. Water absorption, impact strength, 
and cold flow have little direct relation 
to punching quality except perhaps for 
some certain grade. Impact strength is, 
of course, of great importance in the 
ability of a punching to withstand rivet- 


ing or other severe assembling oper. 
tions. 


In view of these conclusions a test 
method was prepared covering the 
standard die, standard punching condi- 
tions, and standard grading system 
substantially as used in this study, asa 
referee method for determining punching 
quality. 

Supplementing the referee method, a 
second method was prepared as a control 
test, covering the determinations of 
Rockwell hardness both at room ten- 
peratures and at elevated temperatures. 

The proposed Tentative Method of 
Test for Punching Quality of Phenolic 
Laminated Sheets! is offered as a result 
of these investigations. 


Respectfully submitted on behalf of 
Section H on Punching Quality, 


S. W. Prace, Chairman. 


G. H. MaIns 
E. O. HAUSMANN 
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APPENDIX III 


PROPOSED METHODS OF TEST FOR SLUDGE FORMATION IN 


MINERAL TRANSFORMER OIL! 


Society for Testing Materials, 260 S. Broad St., Philadelphia, Pa. 


, These are proposed methods and are published as information only. a 
‘ Comments are solicited and should be addressed to the American a - 


INTRODUCTION 


Investigations under the direction of Sub- 
on Liquid Insulation of Committee 
)-9 on Electrical Insulating Materials have 
sown that the results obtained with either of 
these methods of test are reproducible if proper 
ure be exercised by the test operator. It must 
¢ clearly recognized that to get reproducible 
results the test operator must closely follow the 
procedure described making certain that the 

aditions of the oxidation are carefully main- 

ned within the prescribed limits. Variation 

m the procedure given will frequently give 

lely divergent test results. 

These proposed test procedures are published 

rder to obtain comment and criticism. No 
ire available which correlate the results 
ned with the commercial use of transformer 
In publishing the two procedures for test, 
mplication, direct or implied, is made that 

er procedure is of commercial operating 
From the comments and criticisra ob- 
ed as a result of the publication of these test 
lures, together with the results of the 
tinued study of the test methods by the 
ers of Subcommittee IV, Committee D-9, 
oped that a true evaluation of their com- 
cial importance may be obtained. 

For fundamental details describing each of 
test procedures outlined, reference should 
ade to the following papers: F. M. Clark, 

1E. A. Snyder, “Testing for Sludge Forma- 
in Mineral Transformer Oil,”? and F. M. 
tk, “Studies in the Oxidation of Mineral 
sformer Oil.” 

Ina general sense, Method A, the Sludge 
mulation Test, is considered of value in 
ying the sludge forming propensity of a 
grade of mineral transformer oil before 
mercial application. Method B, the High- 
sure Oxidation Test, is considered of value 


tS proposed methods are under the jurisdiction of 
ge Committee D-9 on Electrical Insulating 
‘als. Published as information, June, 1941. 

‘ily proposed methods, while in use, have not been 
at adopted. When formally approved, they are in- 
; or incorporation in the Standard Methods of Test- 
ro Insulating Oils (D 117 - 40), 1940 Supple- 
of A.S.T.M. Standards, Part III, p. 90. 

63 (ios Am. Soc. Testing Mats., Vol. 36, Part II, 
etively and Vol. 38, Part II, p. 507 (1938), 


in checking the sludge forming characteristics 
of a standard grade of oil in order to control 
the continuity of this property from shipment 
toshipment. Which type of test is best adapted 
for determining the condition of mineral oil in 
transformer use is a decision which must await 


the results of further study. ae 


1. Scope-—These methods of test are 
applicable in the evaluation of the sludge 
forming tendency in new, mineral trans- 
former oils. Two methods are covered as 
follows: 

(a) Method A, the sludge accumulation 
test, is applicable to new, mineral trans- 
former oils except those that have been 
“stabilized’”’ by the addition of retarders, 
stabilizers, and negative catalysts. 

(b) Method B, the high-pressure oxidation 
test, is applicable to new, mineral trans- 
former oils except the so-called highly 
refined, white oils of zero iodine value, 
and mineral oil containing retarders, stabi- 
lizers, and negative catalysts. 


Method A: Sludge Accumulation Test 


2. Nature of Test.—The sludge accumula- 
tion test for mineral transformer oil evalu- 
ates the propensity of an oil to deposit an 
insoluble sludge under definitely prescribed 
conditions of oxidation in the presence of a 
copper catalyst for 72,168, and 336 hr. The 
total evaluation of an oil includes considera- 
tion of the tendency of the oil to deposit. 
sludge under mild oxidation (72 hr.) and 
the rate at which this sludge deposition 
increases as a result of more severe oxidation 
as the test is continued for 168 and 336 hr. 

3. Apparatus.—The apparatus shall con- 
sist of the following: 

(a) Aging (Oxidation) Bath.—An oil or 
wax bath of a suitable type capable of con- 
trolling the temperature at 120 + 0.5 C. 
with a temperature gradient of less than 1 C. 


4 
4 
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in the body of the oil or wax used. Circula- 
tion of the oil or wax heating medium such 
as by a pump or stirrer is recommended. 

(b) Drying Tower._-A drying tube, 10 to 
12 in. (25 to 31 cm.) in height, fitted with a 
ground-glass stopper and side tubes for 
conditioning of the air supply.’ 

(c) Oil Receptacle and Cover.—-An oil recep- 
tacle consisting of a heat-resistant, glass test 
tube‘ 25 mm. in inside diameter and 150 mm. 
in length, with a capacity of 50 ml., equipped 
with a loosely-fitting glass cover having a 
central hole to admit the air supply tube. 

(d) Gooch Crucible.—A porcelain Gooch 
crucible, size No. 4, 35-ml. capacity, 
equipped with a standard quantitative 
filter paper disk. 

(e) Copper Catalyst...Commercial copper 
wire 0.040 in. (1.016 mm.) in diameter. 

4. Petroleum Naphtha.—Petroleum naph- 
tha, conforming to the requirements pre- 
scribed in Section 4 of the Standard Method 
of Test for Precipitation Number of Lubri- 
cating Oils (A.S.T.M. Designation: D 91) of 
the American Society for Testing Materials,® 
shall be used for dilution of the oxidized oil 
and precipitation and washing of the sludge. 

5. Preparation of Air Supply.—The oxida- 
tion of the oil shall be obtained by contact 
with room air conditioned as follows: 

(a) Dry the air by forcing it through a 
solid desiccant of high moisture absorbing 
capacity.’ Arrange the desiccant in the 
drying tower to a depth of 8 to 10 in. 
Change the desiccant frequently (Note). 


Notre.—Desiccants should not be used for a 
period longer than 1 week. 


(b) After passing the air through the 
drying tower, admit it directly to the re- 
ceptacle containing the oil to be tested. 
Do not preheat the air. 

(c) Determine the rate of air supply with 
a flow meter, and adjust the flow to deliver 
the conditioned air at a rate of 0.5 + 0.1 


3 A suitable drying tower may be obtained from Eimer 
and Amend Co., Drying Tube No. 22556. 

4 Pyrex glass is satisfactory for this purpose. A suit- 
able tube conforming to these requirements may be ob- 
tained from the Corning Glass Co., Tube No. 9820FZYUV. 

5 A suitable quantitative filter paper disk may be ob- 
tained from Carl Schleicher and echull, designated as 
white ribbon. 

* 1940 Supplement to Book of A.S.T.M. Standards, Part 


Ill, 
7 Dehydrite is a suitable desiccant for this purpose 


liter per hour to each tube of oil being 
tested. 

(d) Rubber connections shall be elimi- 
nated as much as possible and when used, 
the rubber shall be at room temperature. 
No rubber connections shall be used in con- 
tact with the oil or wax of the heating bath 
or under conditions where the temperature 
of the rubber will be raised above room 
temperature. Where it is necessary to use 
rubber connections, only sulfur-free rubber 
is permissible. 

6. Preparation of Oil Receptacles.—Wash 
each oil receptacle thoroughly first with 
acetone, then with soap and water, and 
rinse in chromic acid solution. Wash each 
receptacle free from chromic acid using tap 
water, and finally rinse with distilled water. 
Dry in an air oven at 105 to 110C. for at 
least 3 hr., cool to room temperature ina 
desiccator, and keep the receptacle in the 
desiccator until ready for use. 

7. (a) Preparation of Copper Catalys. 
Immediately before use, polish the copper 
wire with No. 00 emery cloth or its equiv- 
alent and wipe free from abrasive with a 
clean dry cloth. 

(b) Wind a 12-in. (30.5-cm.) length of the 
polished wire into a helical coil approxi: 
mately 23 mm. in outside diameter and 2 in 
(5.08 cm.) in length. Clean the ool 
thoroughly with c.p. ethyl ether, air-dry, 
and insert immediately into the oil 1 
ceptacle. Handle the clean copper ‘ 
only with tongs in order to avoid co 
tamination. 

8. (a) Preparation of Gooch Crucible. 
Cover the bottom of the Gooch crucbli 
with the filter paper disk. 

(b) Prepare a slurry for the formation 0 
the asbestos mat in the Gooch crucible b) 
making a suspension of medium asbest 
fiber, Gooch grade, in the proportion 
20 g. of asbestos to 1 liter of distilled wate 
Pour the asbestos suspension into the bo 
crucible, tamp with a glass rod, and dry! 
suction. In this manner build up # 
asbestos mat to a depth of approximate 
zs in. (1.59 mm.). Then pour into © 
crucible, without tamping, additional 2 
bestos suspension to build up the matt 
total thickness of approximately 
(2.17 mm.) after drying by suction. 
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being (c) Place the prepared crucible in an air 
oven and dry at 105 to 110 C. for 15 to 24 hr., 
elimi- cool in a desiccator, and when needed, weigh 
used, to the nearest 0.0001 g. 
ature. 9, Conditioning of Sample.—Filter by 
Nn con- gravity the oil to be tested using a previously 
g bath dried, acid-free filter paper to remove traces 
rature of sediment, fibers, and excess water. (Dry 
room the filter paper for 1 hr. at 100C. before 
to use using.) Discard the first 25 ml. of the oil 
rubber filtrate. Carefully protect the filtrate dur- 
ing the filtration against dust and other 
contamination. 
t with 10. Procedure._(a) Prepare three copper 
r, and catalysts as described in Section 7, insert 
h each one each in a clean, dry oil receptacle pre- 
ing tap pared as described in Section 6, and weigh 
water. to the nearest 0.0001 g. 
. for at (b) Transfer 25 ml. of the conditioned 
re ina il sample into each of the three prepared 
in the il receptacles by means of a clean, dry 
pipette. Protect the oil from contamina- 
alyst. tion by atmospheric moisture and dust 
copper during the interval between the placing of 
; equiv- the oil in the receptacle and the actual start 
with a of the oxidation. Weigh each assembly 
ntaining the oil to the nearest 0.0001 g. 
h of the c) Adjust the heating bath to maintain 
ipproxi- a temperature of 120 + 0.5C. during the 
nd 2 in. sidation of the sample. 
he coil 11. Oxidation.—(a) Immerse the oil re- 
air-dry, eptacle in the heating bath which has been 
oil re adjusted to a temperature of 120 + 0.5C. 
yer coil Immerse the oil receptacle in the bath to 


id con- the extent that the surface of the heating 
tath will be slightly higher than the surface of 
the test oilin the receptacle. Insert through 
he holes in the receptacle cover, the clean, 
ity glass tubes through which the condi- 

ned air is to be led into the oil receptacle. 
\djust the tube covers and place the air 
ipply tubes so that they are approximately 
iin. (1.3 cm.) above the oil level in the 
receptacle and start the air flow through the 
receptacle. The air shall not be bubbled 


ucible.- 
crucible 


ation 0! 
cible by 
asbestos 
rtion of 
d water 


d dry by through the oil. When more than one oil 

up : receptacle is fed from a single air supply 
ong une, adjust the air flow to each oil receptacle 
into the 


‘0a rate of 0.5 + 0.1 liter per hour. 


jonal & (6) Oxidize the three oil samples for 


12. Treatment of Oxidized Oil.—(a) After 
the required period of oxidation, shut off 
the air supply and remove the oil receptacle 
and sample from the oxidizing bath. Cool 
for 1 hr. to room temperature in a clean dark 
box or dark room, protecting the oil sample 
from dust, moisture, or other contamina- 
tion, and light. 

(b) At the end of the cooling period, re- 
move the copper catalyst from the oil 
receptacle and scrape off any sludge adher- 
ing to the coil, returning the sludge to the 
oxidized oil in the receptacle. Wash the 
copper-wire coil with the petroleum naphtha 
and transfer the washings to the oxidized 
oil in the receptacle. 

(c) Transfer the oxidized oil and naphtha 
washings to a clean beaker and dilute to 
200 ml. at room temperature with the 
petroleum naphtha. Carefully stir the — 
oil-naphtha mixture until the oil is com- 
pletely dissolved, cover the beaker, and 
allow to stand for 1 hr. at a temperature of 
25 + 2C. 

13. Weighing of Sludge.—(a) Transfer the 
oil-naphtha solution to the prepared, dried, 
and weighed Gooch crucible. Alsowashany © 
sludge adhering to the oil receptacle free 
from oil with naphtha, dry and scrape free, 
and transfer to the crucible by means of a 
suitable brush. Determine the weight of 
any sludge that cannot be removed from 
the oil receptacle from the difference in 
weight of the sludged receptacle (cleaned to — 
remove bath oil or wax, and dirt from the © 
outside) and the weight of the receptacle 
after cleaning free from sludge as described | 
in Section 6. Add the weight of the 
sludge remaining in the receptacle to the 
weight of the sludge in the Gooch crucible. 

(b) Wash the sludge in the Gooch crucible 
thoroughly with naphtha to remove all 
traces of adhering oil. Normally three 
washes of 25-ml. portions each are sufficient. 
A drop of the final naphtha washing should — 
show substantially no oil stain on the filter 
paper. 

(c) Dry the sludge in the Gooch crucible — 
by suction and place in an air oven at 105 — 


mat toé tiods of 72, 168, and 336 hr., respectively, to 110 C. for 1 hr., cool to room temperature 
y |» der the carefully controlled conditions in a desiccator, and weigh to the nearest 


yn. tescribed 
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14. Calculation and Report.(a) Calcu- as by a pump or stirrer is recommended, 
_ late the percentage of total sludge in the oil The heat source shall have sufficient capacity 
as follows: to return the bath to the required tempera- 


oe ture within 30 min. after immersio . 

Sludge value = 100 cold bomb. 

wt. of oil (b) Bomb.—A pressure bomb of the type 

(b) Report the sludge value for cach of | shown in Fig. 1, conforming to the dimen- 
the test periods of 72, 168, and 336 hr. sions prescribed in Fig. 2. The bomb shall 


@ 


Fic. 1.—Bomb and Apparatus for Determining Bomb Sludge Value of Mineral Transformer 


Method B: High-Pressure Oxidation Test be made of stainless steel, capable of | 
standing with safety an internal pressu! 
10,000 psi., and provided with a lead gas! 
for sealing. 

(c) Oil Receptacle. —An oil receptacle 20. 
sisting of a heat-resisting, centrifuge-tyP pare t 
tube,® 11 in. (28.6 mm.) in inside diameter, proce 
and 6 in. (152.4 mm.) in length, with 4 21. 
capacity of 100 ml. : 

(d) Gooch Crucible-—A porcelain Goo 
crucible, size No. 4, 35-ml. capaci 2 
equipped with a standard quantitative mle ravit 


dri 
paper disk.® 


an air 
the be 
before 


15. Nature of Test.The high-pressure 
oxidation test determines the “Bomb 
Sludge Value”, which is the percentage by 
weight of sludge formed after 24-hr. oxida- 
tion at 140C. under 250 psi. of oxygen 
pressure. 

16. A pparatus.—The apparatus shall con- 
sist of the following: 

(a) Aging (Oxidation) Bath.—An oil or 
wax bath of a suitable type capable of con- 
trolling the temperature at 140 + 0.5C. 
with a temperature gradient of less thaniC. © 
in the body of the oil or wax used. Circula- _, * Pyrex glass is satisfactory for this purpos’. Ae 


: : tube conforming to these requirements may 
tion of the oil or wax heating medium such from the Corning Glass Co., Tube No. 8240FIUGL. 


17 
pure 
250 
140 ¢ 
18 
naph 
used 
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17. Oxidizing Gas.—For oxidizing the oil, 
pure oxygen gas under a gage pressure of 
250 psi. at the oxidation temperature of 
140 C. shall be used. 

18. Petroleum Naphtha.—The petroleum 
naphtha prescribed in Section 4 shall be 
used for the dilution of the oxidized oil and 
the precipitation and washing of the sludge. 

19. Preparation of Bomb.—Clean and dry 
the high-pressure bomb before using. To 
insure cleanliness, rinse the bomb with the 
petroleum naphtha, drain in air, and dry in 


4 > 
37/3 Socket Head 
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the filter paper for 1 hr. at 100C. before 
using. Discard the first 25 ml. of the oil 
filtrate. Carefully protect the filtrate dur- 
ing the filtration against dust and other 
contamination. 

23. Precautions.—(a) No oxygen gas pres- 
sure in excess of 250 psi. shall be applied to 
the bomb containing the oil sample. Under 
no conditions shall oxygen gas be admitted to 
the bomb except at room temperature. Any 
bomb which develops a gas leak during the 
oxidation procedure shall immediately be 


Handle Catalogue 
Wt 283 /b. 
Saiam Drill tt fAlOver 3210 Threads 
0 Threads | Stainless Steel Wt. 8 Ib. 
| ! Hot Rolled Stainless Steel, Hot Rolled 
i 
ta ess Steel, § Tool Stee/ . 
Hot Rolled os Harden and 


Lead Gasket 


_ Fic. 2.—Detailed Dimensions of Steel Bomb. 


rind 


ir oven at 105 to 110 C. for 3 hr. Cool 

bomb to a temperature of 25 + 2 C. just 

re using. 

1). Preparation of Oil Receptacle.—Pre- 
ire the oil receptacle in accordance with the 
rocedure described in Section 6. 

41. Preparation of Gooch Crucible.—Pre- 
ie the Gooch crucible in accordance with 

Procedure described in Section 8. 

2. Conditioning of Sample.—Filter by 
fravity the oil to be tested using a previously 
. ed, acid-free filter: paper to remove traces 
' sediment, fibers, and excess water. Dry 


removed as described in the note in Section 
25 (b). 

(b) Under no condition shall a bomb con- 
taining oil under oxygen gas pressure be 
handled carelessly. It must not be dropped 
or struck with a metal object. Tapping, if 
necessary for any purpose, shall be done 
with a wooden or fiber hammer. 

24. Procedure.—(a) Weigh to the nearest 
0.0001 g. the clean and dry oil receptacle, 
prepared as described in Section 6. 

(b) Transfer 50 ml. of the conditioned oil 
sample into the prepared oil receptacle by 
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means of a clean, dry pipette. Protect the 
oil from contamination by atmospheric 
moisture and dust during the interval 
between the placing of the oil in the recepta- 
cle and its closure in the bomb. Weigh the 
prepared receptacle containing oil to the 
nearest 0.0001 g. 

(c) Place the oil receptacle containing the 
weighed amount of conditioned oil in the 
bomb in a vertical position using a suitable 
wire rack or holder. Set the bomb cover in 
position and tighten it using a lead gasket. 
When the bomb has been properly sealed, 
flush once by filling with oxygen to a pressure 
of 25 psi. and slowly releasing the pressure 
to atmospheric pressure. 

(d) After flushing, admit the oxygen gas 


containing the conditioned oil. Apply the 
gas pressure so as to produce a gage pressure 
of 180 psi. at 25C. ‘This will give the re- 
quired gas pressure of 250 psi. at the oxida- 
tion temperature of 140C. The oxygen 
gas must not be applied to the assembled 
bomb at any temperature above room 
temperature. 

(e) Adjust the heating bath to maintain a 
temperature of 140 + 0.5C. during the 
oxidation of the sample. 

25. Oxidation._-(a) When the pressure 
of 180 psi. of oxygen gas in the bomb has 
been obtained, suspend the bomb immedi- 
ately in the wax or oil bath which has been 
adjusted to a temperature of 140 + 0.5C. 
The temperature of the bath will drop when 
the bomb is immersed. Regulate the heat 
supply so as to return the temperature to 
140 C. within 30 min. after immersion. 
Totally immerse the charged bomb in the 
heating bath. 

(b) Record the exact time at which the 
bomb is immersed. Continue the oxidation 


period for exactly 24 hr., maintaining the 


é 
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temperature of the heating bath at 140 + 
0.5 C. (Note). 


Nore.—After the charged bomb has been 
immersed in the heating bath or its temperature 
otherwise raised above room temperature, the 
gas pressure shall not be adjusted or changed in 
any manner except for unloading the bomb at 
the end of the oxidation period. No change 
in gas pressure shall be made while the bomb is 
immersed in the heating bath. If the gas 
pressure falls because of leaks, the bomb shall be 
removed from the heating bath, the gas pressure 
reduced to atmospheric pressure, the bomb un- 
loaded, and the oil sample discarded. When 
once the gas pressure has been released, par- 
tially or totally, there shall be no reapplication 
of the gas pressure. 


26. Treatment of Oxidized Sample—(a) 
Exactly 24 hr. after the bomb has been 
placed in the heating bath, remove it from 
the bath and slowly release the pressure to 
atmospheric pressure. Remove the bomb 
cover and cool the oil receptacle for 1 hr. 
to room temperature in a clean dark box 
or dark room, protecting the oil sample 
from dust, moisture, or other contamina- 
tion, and light. 

(b) Transfer the oxidized oil to a clean 
beaker and dilute to 200 ml. at room tem- 
perature using the petroleum naphtha. 
Carefully stir the oil-naphtha mixture until 
the oil is completely dissolved, cover the 
beaker, and allow to stand at a temperature 
of 25 + 2C. for 1 hr. 

27. Weighing the Sludge.-Weigh the 
sludge obtained in accordance with the 
procedure described in Section 13. 

28. Calculation and Report.—(a) Calcu- 
late the bomb sludge value as follows: 


wt. of total sludge 


Bomb sludge value = X 10 


wt. of oil 


(b) Report the bomb sludge value 4 
determined, 
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REPORT OF SECTIONAL COMMITTEE 


LECTRICAL INSULATING MATERIALS. 


ASA Project: C59 


cso on Electri- 
al Insulating Materials held one meet- 
ng during the year: in Washington, 
D.C., on March 3, 1941. 

Since the organization of Sectional 
Committee C59 in 1934, the following 
1.$.T.M. standards have been submitted 
) the American Standards Association 
m the recommendation of the sectional 
committee and have been approved as 
American standard: 


Standard Methods of: 

Testing Molded Materials Used for E lectrical 

Insulation (A.S.T.M. D48-39; ASA 
C59.1-1940), 

Testing Electrical Insulating Oils (D 117 - 
40; C59.2-1941), 

Test for Insulation Resistance of Electrical 
Insulating Materials (D 257 - 38; C59.3- 
1939), 

Testing Molding Powders Used in Manu- 
facturing Molded Electrical Insulators 
(D 392 ~ 38; C59.10-1941), 

indard Specifications for: 

Rubber Matting for Use Around Electrical 
Apparatus or Circuits not Exceeding 3000 
a to Ground (D 178 — 24; C59.4-1935), 
anc 

Rubber Insulating Tape (D 119-38; 
C59.6-1939). 


the A.S.T.M. Standard Methods of 
‘ést for Impact Resistance of Electrical 
culating Materials (D 256 — 38) have 
’ been approved by letter ballot in 
ectional Committee C59 will 
ortly be submitted to ASA for approval 

American standard. 
The following A.S.T.M. standards are 
‘ow being reviewed by special com- 


419 
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mittees looking toward their submittal 
to the ASA for approval as American 
standard: 


Methods of Testing: 
Laminated Tubes Used in Electrical Insula- 
tion (D 348 — 39) ' 
Laminated Round Rods Used in Electrical 
Insulation (D 349 — 39), 
Shellac Used for Electrical Insulation 
(D 411 - 40), and 
Standard Specifications for: 
Rubber Gloves for Electrical Workers on 
Apparatus or Circuits not Exceeding 3000 
Volts to Ground (D 120 - 40). 7 


The following standards submitted by 
the National Electrical Manufacturers 
Assn. are likewise being reviewed by 
special committees looking toward their 
submittal to the ASA for approval as 
American standards: 


Manufactured Electrical Mica Standards 
(N.E.M.A. 39-55), 

Laminated Phenolic Products Standards 
(N.E.M.A. 39-57), and 

Recommended Practice for Machining and 
Punching of Laminated Phenolic Plates 
(N.E.M.A. 39-58). 


Although it is becoming more and 
more difficult to get answers from the 
central office of the International Elec- 
trotechnical Commission in London, 
Sectional Committee C59 is still follow- 
ing the activities of their Committee 
No. 10 on Insulating Oils through the 
technical adviser to the U. S. National 
Committee, E. A. Snyder. This com- 
mittee is trying to develop a universal 
sludging test. A set of samples of oil 
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taken from five oc transformers 
in Holland has been received and the 
United States committee has in turn 
sent samples of the oils on which it has 
been working to Dr. Bruckman in 
Holland. Results of the tests on these 
oils are not yet available. 

Mr. W. H. Gardner, technical adviser 
on I. E. C. Committee No. 15 on Shellac, 
receives brief monthly reports indicating 
that work is still being carried on. A 
arge part of the work is of a defense 
nature, however, and details are not 
available except through our own 
Government channels. 

A subcommittee under the chairman- 
ship of Mr. G. E. Landt has completed 
the preparation of a preliminary list 


containing the titles and serial designa- 
tions of the available standards in the 


- of electrical insulating materials. 


This list contains only those standards 
that have been issued by nationally 


OF SECTIONAL COMMITTEE 


recognized organizations. This effort 
represents the first step in compiling a 
library of available standards for electri- 
cal insulating materials to be deposited 
in the office of the secretary, and to 
provide a cross-section of existing stand- 
ards in this field. The list is now being 
carefully reviewed to assure its com- 
pleteness. With the list available, Com- 
mittee C59 will be in a position to 
initiate work in any part of the field 
that appears to be not adequately 
covered. Also steps can be taken look- 
ing toward the submittal of any appro- 
priate standards to the ASA for approval 
as American standard. 


Respectfully submitted on behalf of 
the sectional committee, 
H. L. Curms, 

Chairman. 

R. E. HEss, 

Secretary. 


no 
Shi 
an¢ 
me 
inc 
mi 
bee 
cor 
Sta 
shi 
ex] 
mo 
ad 
q 


SHIPPING CONTAINERS 


During the past year there have been 4. The effectiveness of various con- 
no meetings of Committee D-10 on structional features. 


Shipping Containers. The chairman The second division of tests would be 
and the secretary of the committee have on materials and accessories used in the © 
met and discussed the possibilities of construction and packing of shipping 
increasing the usefulness of this com- containers, omitting paper and paper 
mittee. Several new members have _ products now covered by Committee — 
been added, and it is the plan of the D-6 on Paper and Paper Products. 
committee to set up acceptable and These would include both static and 


standard procedures for making tests on dynamic tests. 


shipping containers. One purpose of It has not been possible as yet for 
expanding the committee was to add _ this committee to set up its various 
more consumer members who could subcommittees, but plans are being wael 
advise the committee of their needs in to do this in the near future. There is 
setting up the standard test procedures. every reason to believe that, in view of 

The first general division of tests the present situation in world affairs 


would be those on th iner. . : 
} whole container. and national defense, considerable effort 
Under this division subcommittees would 

expended in setting up uniform measur- 


be formed to report to the entire . 
ing procedures for the qualities of 


mittee on such tests as: 
shipping containers will yield favor- 


7-ft. Revolving Drum, , 
14 ft. Revolving Drum, able returns to both industry and 


Incline Impact Tester, __ Government. 
Compression Test, 
_ Drop Test, This report has been submitted to 
- Swing Test, and letter ballot of the committee which 
Special Impact Tests. consists of 17 members; 12 members 


The standards set up for these various _ returned their ballots, all of whom have 
tests should give a measure of the voted affirmatively. 


following: 
1. The retention-of-contents quality Respectfully submitted on behalf of 
of a complete container, the committee, 
_ 2. The protection-of-contents qual- Epwarb DAuILL, 
ity of the complete container, Chairman. 


_ 3. The protection-to-crushing qual- E. R. STIVERS, 
ity of the complete container, and Secretary. 
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REPORT OF COMMITTEE D-11 


ON 
RUBBER PRODUCTS 


Committee D-11 on Rubber Products 
has met only once during the year, but 
its work has been carried on in the 
numerous subcommittees and by cor- 
respondence and has been substantially 
advanced. The committee meeting was 
held in Washington, D. C., on March 6, 
1941, in connection with the spring group 
meetings of A.S.T.M. committees. 

Subsequent to the 1940 annual meet- 
ing, Committee D-11 presented to the 
Society through Committee E-10 on 
Standards the following recommenda- 
tions: 


Revisions of Tentative Methods of: 


Test for Compression Set of Vulcanized 
~ Rubber (D 395 - 40 T), 

Tension Testing of Vulcanized 
(D 412 - 39 T), 

Testing Rubber Insulated Wire and Cable 
(D 470 - 39 T), 

Test for Changes in Properties of Rubber 
and Rubber-Like Materials in Liquids (D 471 - 
40 T), 


Rubber 


Revision of Tentative Specifications for: 


Insulated Wire and Cable: Heat-Resisting 
Rubber Compound (D 469 - 40 T), 


Tentative Revisions of Standard Methods of: 


Sample Preparation for Physical Testing of 
Rubber Products (D 15 - 39), and 


Chemical Analysis of Rubber Products 
(D 297 - 39), in the form of new Tentative 
Methods of Chemical Analysis of Rubber Prod- 
ucts (D 297 - 40 T). 


These recommendations were ac- 
cepted' by Committee E-10 on August 
28, 1940, and appear in the 1940 Supple- 
ment to the Book of A.S.T.M. Standards, 
Part III. At the same time, Committee 


D-11 recommended to Committee E-10 
three additional new tentative standards, 
as follows: 


Methods of: 


Test for Resistance to Accelerated Light 
Aging of Rubber Compounds, 

Calibrating a Light Source Used for Accele- 
rating the Deterioration of Rubber, and 

Test for Tear Resistance of Vulcanized 
Rubber. 


Because of the number of negative votes, 
these methods were not accepted as 
tentative but were approved for publica- 
tion as information.? 

On September 26, 1940, Committee 
E-10 accepted for publication a new 
Tentative Method of Test for Physical 
State of Cure of Vulcanized Rubber 
(T-50 Test), and approved the with- 
drawal of the Standard Methods of 
Chemical Analysis of Rubber Products 
(D 297 — 39). The new tentative method 
appears in the 1940 Supplement to the 
Book of A.S.T.M. Standards, Part Ill, 
bearing the designation D 599 - 40T. 

The T-50 test method for physical 
state of cure fills a need for direct 
determination of a property of great 
importance in the application of vul- 
canized rubber. Prior to the develop- 


1In submitting these recommendations to Committee 
E-10 on Standards, Committee D-11 reported the following 
results of the letter ballot vote of a total of 70 beliets 1 
turned from a committee membership of 112: D 3%, 4 
firmative 46, negative 0, ballots marked “‘not voting . 
D 412, affirmative 60, negative 0, ballots marked “not wel 
ing” 10; D 470, affirmative 40, negative 0, ballots — 
“‘not voting” 30; D 471, affirmative 45, negative 0, ball r 
marked “not voting”’ 25; D 469, affirmative 38, my 
ballots marked “‘not voting” 31; D 15, affirmative 59, «A 
tive 0, ballots marked ‘‘not voting”’ 11; D 291, affirma 
56, negative 0, ballots marked “‘not voting” 14. , 

2 Proceedings, Am. Soc. Testing Mats., Vol. 40, PP 
385, 389 (1940). 
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7 On RUBBER PRODUCTS 
=f 


ment of this method in the laboratories 
of the United States Rubber Co. several 
years ago, no method was available for 
comparing the physical states of cure 
of a rubber compound after vulcaniza- 
tion by various procedures except in- 
directly from tension tests on specimens 
cured over the range of times and tem- 
peratures. The test has been fully de- 
scribed in the literature* and has attained 
widespread use. These tentative meth- 
ods, however, are the first presentation 
in standardized form. 

The new tentative methods of chemi- 
cal analysis represent an extensive revi- 
sion of the former methods which they 
replace. They are a marked improve- 
ment and have been in the process of 
development over a period of several 
years. A large amount of work has 
been done as covered from time to time 
in the committee reports, and additional 
work is being continued. It was con- 
sidered, however, that these analytical 
procedures were sufficiently advanced 
to be published as tentative methods. 

The proposed revisions in tentative 
standards represent changes which have 
been found by experience to be needed 
for improvement and to bring them in 
line with best practice. The changes in 
the methods for compression set (D 395 — 
4) T) include refinements in’ Method B, 
the test under constant deflection, and 
4 new method of calculation whereby 
the set as determined will be reported 
in terms of percentage of original de- 
flection rather than of original thickness 
ofspecimen. The change in the methods 
of tension testing (D 412—40T) deals 
with the discarding of erratic results and 
changes the checking requirement from 
> per cent to 10 per cent of the highest 
value obtained. The changes in the 
method of testing insulated wire and 


*W. A. Gibbons, R. H. Gerke, and H. C. Ti “ 
»R.H.G . C. Tingey, 
C 50 Test for State of Cure,” Industrial and Engineering 


_—* Analytical Edition, Vol. 5, No. 4, July 15, 1933, 


cable (D 470 - 40 T) refer particularly 


to the test for ozone resistance. They 
provide for better temperature regula- 
tion during the test and for improvement 
in the determination of ozone concentra- ‘ 
tion. The revisions in the methods of | 
test for changes in liquids (D 471 - 40 T) y. 
provide for the use of dumbbell shaped 
specimens for immersion when tension 
tests are to be made and change the 
method of calculation in the case of such ‘ 
tests as well as reducing the recovery 
period prior to testafter removal from the 
liquid. These revisions were the result of 
extensive cooperative tests conducted _ 
by five laboratories. The revision of the 
specification for insulated wire and cable: 
heat resisting compound (D 469 — 40 T) 
removes the requirement for the 120 hr. 
air oven test at 121 C. and brings Table 

II in line with jurisdiction of the Na- 
tional Electrical Code. The tentative d 
revision of the methods of sample 
preparation (D 15 — 39) affects the sec- | 
tion dealing with buffing of specimens 
and brings the A.S.T.M. method into 
agreement with the Fedetal Specifica- 
tion. Additional approved equipment 

is also listed. 

The revised Standard Specifications — 
for Cotton Rubber-Lined Fire Hose for 
Public and Private Fire Department 
Use (D 296 —- 38) have now been reap- 
proved as American standard (ASA 
L3.1-1941) by the American Standards 
Association. 

Committee D-11 has submitted the 
Standard Specifications for Rubber 
Gloves for Electrical Workers on Ap- 
paratus or Circuits not Exceeding 3000 
Volts to Ground (D 120-40) to Sec- 
tional Committee C59 on Electrical 
Insulating Materials for review looking 
toward their submittal to the American 
Standards Association for approval as 
American standard. 

At its March meeting, Committee 
D-11 voted to recommend the following 
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to the ASA for approval as American 
standards, after adoption this year by 
the A.S.T.M. of revisions in the last 
four methods in the list: 


‘Tentative Methods of: 
Chemical Analysis of 
(297-407), 
: Testing of Rubber Hose (D 380 


Rubber Products 


40 T), 
Standard Methods of: 
Sample Preparation for Physical Testing of 
Rubber Products (D 15), 
Tension ‘Testing of 
(D412), 
Accelerated Aging of Vulcanized Rubber by 
Oxygen-Pressure Method (D572), and 


Accelerated Aging of Vulcanized Rubber by 
the Oven Method (D 573). 


Vulcanized Rubber 


I. New TENTATIVE STANDARDS 


Tentative Methods of Testing Auto- 
motive Air Brake and Vacuum Brake 
Hose.4~-These methods have been de- 
_ veloped by Technical Committee A on 
Automotive Rubber in response to 
urgent requests of automotive engineers 
and state highway departments for 
suitable standards for the control of the 
_brake hose used on licensed vehicles on 
the highways. The status of air brake 
hose and vacuum brake hose is similar 
to that of hydraulic brake hose for which 
suitable methods were approved last 
year. The use of inferior or defective 
hose on vehicles equipped with these 
braking systems is especially serious 
from a safety viewpoint because of their 
widespread application to automotive 
vehicles and to heavy trucks in par- 
ticular. As with hydraulic brake hose, 
Technical Committee A has prepared 
standard purchase specifications which 
will be offered to the Society of Auto- 
motive Engineers for inclusion among 
its standards, and the methods of test 
for these materials are herewith sub- 
mitted to the A.S.T.M. with the recom- 


_ *These methods were accepted as tentative by the 
Society and appear in the 1941 Supplement to Book of 
A.S.T.M. Standards, Part III, p. 504. 
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mendation that they be accepted for 
publication as tentative.‘ 

Tentative Method of Test for Tear 
Resistance of Vulcanized Rubber.’ —Since 
this method was submitted to letter bal- 
lot last year, the section dealing with 
its scope has been completely revised 
and rewritten so as to define more ac- 
curately its limitations. In addition, 
a change has been made in the number 
of nicks in the test specimen which is 
reduced from five to one. In estdblish- 
ing this change, cooperative tests have 
been carried out in Subcommittee XIV 
and the data obtained show better 
reproducibility of the test when the 
specimens have a single nick. In addi- 
tion, the relation between the two styles 
of specimens permitted has been estab- 
lished and is included in the method. A 
suitable standardized method for testing 
tear resistance of rubber is much needed 
and has been specifically requested by 
Technical Committee A on Automotive 
Rubber. While any relation between 
the results of the test here presented and 
the actual service value of the rubber 
being tested is not well established, the 
method is widely used in research and 
in comparative test work and may be 
considered as the best method at present 
available. The committee recommends 
that the method be accepted for publica- 
tion as tentative.° 

Tentative Methods of Test for Compres- 
sion Fatigue of Vulcanized Rubber: 
These methods have been prepared by 
Subcommittee XVIII on Dynamic 
Fatigue tests and were discussed under 
the activities of this subcommittee In 
the annual report of Committee D-1l 
on Rubber Products for 1939. Since 
then the subcommittee has done addi- 
tional work and has compared these 
methods with each other and with other 


6 This method was accepted as tentative by the oot et} 
and appears in the 1941 Supplement to Book of AS.T.A 
Standards, Part HI, p. 493. , 

6 These methods were accepted as tentative by 
Society and appear in the 1941 Supplement to 
A.S.T.M. Standards, Part III, p. 496. 
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tests on the same rubber stocks. The 
results in general were found to be con- 
sistent. Since the methods are fairly 
new, their reproducibility in various 
laboratories has not as yet been fully 
investigated and they should not be 
ysed in purchase specifications. How- 
ever, they have been found so ad- 
vantageous for research and develop- 
ment purposes in comparing properties 
which can not be determined otherwise 
that the committee believes they should 
be published as tentative at this time 
pending completion of further work. 


IL REVISION OF TENTATIVE STANDARD 


Tentative Methods of Testing Sponge 
Rubber Products (D 552-39 T).'—The 
committee is proposing the following re- 
vision in these tentative methods and 
recommends that as revised they be con- 
tinued as tentative: 

Section 2(a)..-Under the paragraph 
on aging test, add a reference to the 
“Standard Method for Air Pressure Heat 
Test of Vulcanized Rubber (A.S.T.M. 
Designation: D 454).” 

Section 6 (d).Change the first sen- 
tence to read as follows by the addition 
of the italicized words and the omission 
of those in brackets: 

The volume of irregularly shaped products 

t specimens which cannot be measured by or- 


ry [methods] means shall be obtained by one 


the following [displacement method] alternate 
methods: 


Redesignate the remainder of this 
paragraph = as “(7) Displacement 
Method,” and add the following alter- 

ite method: 


2) Calculation Method.—An alternative 
thod of obtaining the volume of irregularly 
aped articles is to obtain an average dimension 

‘an irregularly shaped section by dividing the 

ction into ten smaller segments of equal width, 
aking eleven mez asurements, and dividing by 
ven to obtain the average dimension. The 
ume is then calculated using the average 
ensions obtained. ‘This method is illus- 
tated in ted in Fig. 2 (accompanying Fig. 1). 


11939 Boo Book of A, S.T. M. Part III, p. 931. 
= 


Section 13.—Change the first sentence 
to read as follows: 


Either the oxygen-pressure-chamber aging 
test, the air-oven aging test, or the air pressure 
heat test as described in the Standard Methods 
of Test for Accelerated Aging of Vulcanized 
Rubber by the Oxygen-Pressure Method (A.S. 
T.M. Designation: D 572), by the Oven Method 
(A.S.T.M. Designation: D 573), or by the Air 
Pressure Heat Test Method (A.S.T.M. Designa- 
tion: D454), respectively, may be used for 
sponge rubber, as specified, except that in the 
air pressure heat test an air pressure of 60 + 2 


Section B 


/ 


Area of section A = a Xb 


Area of section B = ¢ X (4 + o 


Area of section C = ¢ X 


fit) 
Total area = area A + 2 area B + 2 area C - 
Volume = total area X thickness 7 


Fig. 1.—Calculation Method for Obtaining 
Volume of Irregularly Shaped Articles. 


psi. is usually used in place of the 80 + 2 psi. 
prescribed in Methods D 454. 


Section 15.—Change the heading pre- 
ceding Section 15 from ‘Compression 
Tests” to read “Compression Deflection 
Tests.” 

Section 16 (b).-Add the following as 
the next to the last sentence in this 
paragraph: 

The reading shall be taken 1 min. after the 
load has been applied. 


Section 24 (a).—Change the last 
sentence from its present form: namely, 


The specimen position shall be such that the 
indentation will be made at the location agreed 
upon by the manufacturer and the purchaser, 


Section C 
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but in the absence of such agreement, the fol- 
lowing locations shall be used: 


Location of 
Indentor Foot 
highest point 
lowest point 
highest point 
dead center 
test contour on 


Type of Surface 
Crown (convex) surface 
Saddle (concave) surface. . Se 
Combination crown and saddle aes 
Flat products........ 
Double contours. . 
larger section 


Head roll highest point 


to read as follows: 


The specimen position shall be such that the 
indentation will be made at the center of all 
articles. 


III. REVISIONS OF STANDARDS 


Standard Methods of Test for Acceler- 
ated Aging of Vulcanized Rubber by the 
Oxygen-Pressure Method (D 572 40)," 
Test for Accelerated Aging of Vulcanized 
Rubber by the Oven Method (D 573 — 40),* 
and Air Pressure Heat Test of Vulcanized 
Rubber (D454~- 40).*—The committee 
recommends for immediate adoption in 
each of these methods a revision as in- 
dicated below, and accordingly asks for 
a favorable nine-tenths vote at the 
annual meeting in order that this modi- 
fication may be referred to letter ballot 
of the Society. This revision will change 
the provision for averaging tension re- 
sults including the highest and any which 
check within 10 per cent to the average 
of the highest and any which check 
within 15 per cent. The reason for 
recommending this change is that results 
of tension tests on rubber specimens, 
which have been submitted to the drastic 
aging treatment, are somewhat more 
variable than similar tests on unaged 
specimens. In practice, therefore, it has 
been found that adherence to the 10 
per cent limit has resulted in the dis- 
carding of significant data. The com- 
mittee believes that the 15 per cent 
value is a better tolerance. 

Section 9.—Change the second sen- 
tence to read as follows by the addition 


8 1940 Supplement to Book “ A. S.T. M. Standards, Part 


III, pp. 102, 107, 111. 


of the italicized figure and the omission 
of that in brackets: 


In determining the physical properties after 
aging, the final values shall be the average of 
results from at least two specimens including 
that one giving the highest value for ultimate 
tensile strength and any which check that valy 
within [10] 15 per cent. 


IV. ADOPTION OF TENTATIVE STANDARDS 
AS STANDARD 


The committee recommends that the 
tentative standards listed below be ap- 
proved for reference to letter ballot of 
the Society for adoption as standard 
with revisions as indicated: 

Tentative Methods of Testing Flat 
Rubber Belting (D 378 — 40 T)®—These 
methods have stood in the tentative 
status for three years with only minor 
revisions. No criticism has been re- 
ceived during the past year, and it is 
believed that the methods are now satis- 
factory for adoption as standard. 

Tentative Method of Test for Indenta- 
tion of Rubber by Means of the Pusey and 
Jones Plastometer (D531 — 39 T).°—This 
method has stood in the tentative status, 
without revision since it was issued two 
years ago. No criticism has been re 
ceived. The method is substantially the 
same as given in the Federal Specifica- 
tion ZZ-R-601a covering general methods 
of testing rubber goods. 

Tentative Methods of Testing Rubber 
Insulated Wire and Cable (D4/0 
40 T)."—These methods were issued in 
1937 and have since undergone a number 
of important revisions. They are now 
widely used in the wire and cable it- 
dustry and, in the opinion of the com- 
mittee, are ready for adoption 4 
standard since no criticism has been 
received during the past year. 

Tentative Methods of Tension Testing 


sy Supplement to Book of A.S.T.M. Standards, Part 
II 


10 Book of A.S.T.M. Standards, Part Ul, 
111, 1940 to Book of A.S. T.M. Standan 
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of Vulcanized Rubber (D 412-40 T),” 


revised as follows: 

Figure 3.—Add an illustration of a 
new die designated as “Die D” as shown 
in the accompanying Fig. 2. 


Fig. 2.—Die D Specimen. 


Section 8.—In the first sentence change 
the phrase “specimens shall conform in 
shape to die A, B, or C” to read “speci- 
mens shall conform in shape to die A, 
B, C, or D.” 

Change Paragraph (6) from its present 
form to read as follows: 


b) Die B or die C shall be used in all cases 
here the dimensions of the sample and the 
upacity of the testing machine permit except 
hen otherwise specified in detailed specifica- 
tions or test methods covering a particular prod- 
t which shall take precedence. Die B shall 
e used only in preparing specimens from com- 
pounds having high filler content. When the 
mensions or form of a sample are such as to 
preclude the preparation of adequate specimens 
ising die B or die C, die D shall be used. In all 
cases in which the sample and the testing 
machine limitations permit a choice in die shapes, 

die giving the higher test values shall be 
ised as such higher results will be nearer the true 
ilue of the material. 


Add the following new sentence at 
the end of Paragraph (e): 


In the case of specimens prepared with die D, 
i¢ measurement of thickness shall be taken 
ith the center of the micrometer foot coinciding 
ith the longitudinal center line of the specimen 

that there is an equal overlap of the foot on 
ther side of the specimen. 


Tentative Specifications for Insulated 
Wire and Cable: Class AO, 30 per cent 
Hevea Rubber Compound (D27 40 
revised as follows: 


= 140 Supplement to Book of A.S.T.M. Standards, Part 


* See Editorial Note, p. 431. 
in vat supplement to Book of A.S.T.M. Standards, Part 
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Table V.—Change the minimum con- 
ductor sizes from “No. 14 to No. 9” for © 
the voltage rating of 0 to 600 v. to read 
“No. 16 to No. 9,” including the addi- — 
tion of the following footnote: 


* Sizes Nos. 16 and 18 are not recognized by — 
the National Electrical Code for 600 v. service. © 


Change Note 4 to read as follows by 
the addition of the italicized words: 


Note 4.—Rated circuit voltages from 0 to 
5000 v. in this table appty to wire for use on : 
grounded and ungrounded circuits except where 
one side of adelta system is permanently grounded, 
in which case, multiply the circuit voltage (phase 
to phase) by 1.73 and use the resulting voltage to 
select the corresponding insulation thickness. 


Tentative Specifications for Insulated — 


Wire and Cable: Performance Rubber 
Compound (D 353-40T),® revised as 
follows: 

Table IT.—Make the same changes in 
this table and in Note 4 as are recom- 
mended above in Table V of Specifica-— 
tions D 27 — 40 T. 

Tentative Specifications for Insulated 


Wire and Cable: Heat-Resisting Rubber — 


Compound (D 469-40T), revised as 
follows: 

Table IT._-Make the same changes in 
this table and in Note 4 as are = 
mended above in Table V of Specifica- 
tions D 27 — 40 T. 

Tentative Specifications for Rubber 
Sheath Compound for Electrical I nse 
lated Cords and Cables (D 532-39 T)," 
revised as follows:'* 

Section 8 (b).—Omit the word “mini- 
mum” before the word “average.” 


V. ADOPTION AS STANDARD OF 
TENTATIVE REVISIONS OF 
STANDARDS 

The committee recommends that the 
tentative revision of the Standard 
Methods of Sample Preparation for 


15 1940 Supplement to Book of A.S.T.M. Standards, Part 
III, p. 404. 

16 1940 Supplement to Book of A.S.T.M. Standards, Part — 
III, p. 390. 
17 1939 Book of A.S.T.M. Standards, Part III, p. 914. 

1s The recommendation for adoption as standard of 
these tentative specifications failed of approval at the 
annual meeting of the Society, see Summary of Proceed- 
ings, p. 15. The proposed modification in Section 8 (6) 
has been made as an editorial change in the specifications. 


i 
|» 
Die D 


4 VI. TENTATIVE STANDARDS CONTINUED 


4 Testing Sponge Rubber Products (D 552 - 39 T) 


Physical Testing of Rubber Products 
(D 15 — 39),! published last year, dealing 
with buffing of specimens, be approved 
for reference to letter ballot of the 
Society for adoption as standard since 
no criticisms have been received. 


WITHOUT REVISION 


The committee recommends that all 
tentative standards under its jurisdic- 
tion not mentioned in this report be 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


REPORT OF COMMITTEE D-11 


The recommendations 
this report have been submitted to letter 


appear ing in 


mounting them more conveniently. The 
Tentative Methods of Test for Viscosity 
and Total Solids Content of Rubber 
Cements (D 553-39T) have been in 
the tentative status for two years, 
These methods are to be continued 
tentative as further attention is being 
given to other procedures for determining 
viscosity. 


Items 


I. New TENTATIVE STANDARDS 
Testing Automotive Air Brake and Vacuum Brake Hose................ 
Test for Tear Resistance of Vulcanized Rubber 
Test for Compression Fatigue of Vulcanized Rubber..................-.- 


II. Revision OF TENTATIVE STANDARD 


III. Revisions or STANDARDS 


Test for Accelerated Aging of Vulcanized Rubber by the Oxygen-Pressure 
Method (D 572 - 40), immediate adoption 

Test for Accelerated Aging of Vulcanized Rubber by the Oven Method 
(D 573 - 40), immediate adoption. . 

Air Pressure Heat Test of Vulcanized Rubber (D 454 - - 40), ‘immediate 
nad 


IV. ApopTion or TENTATIVE STANDARDS AS STANDARD 
Testing Flat Rubber Belting (D 378-40 
Tension Testing of Vulcanized Rubber (D 412 40 T), as revised. . 
Test for Indentation of Rubber by Means of the Pusey and Jones Plas- 
Testing Rubber Insulated Wire and Cable (D 470 - 40 T). 4 
Spec. for Insulated Wire and Cable: Class AO, 30 per cent Hevea Rubber 
(D 27 - 40 T), as revised. . 
Spec. for Insulated Wire and Cable: Performance Rubber Compound 
(D 353 - 40 T), as revised. . 
Spec. for Insulated Wire and Cable: Heat- Resisting Rubber Compound 
(D 469 - 40 T), as revised.................. 
Spec. for Rubber Sheath Compound for Electrical Insulated Cords and 
Cables (D 532 - 39 T), as revised® 


V. Apoprion As STANDARD OF TENTATIVE REVISION OF STANDARD 
Sample Preparation for Physical Testing of Rubber Products (D 15 - 39).... 


Affirmative 


63 


Ballots 
Negative |Marked “Not 

Voting” 
0 43 
1 23 
0 35 
1 36 
0 il 
0 il 
0 il 
0 40 
0 13 
0 
1 32 
1 36 
1 36 
2 37 
2 40 


“The recommendation for adoption as standard of these tentative specifications failed of approval at the 


nual meeting of the Society, see Summary of Proceedings, p. 15. 


continued as tentative without revision. 
The Tentative Method of Test for 
Resistance to Light Checking and Crack- 
ing of Rubber Compounds (D 518 - 
38 T) has had a tentative status for three 
years without revision. The committee 
believes that some changes are desirable 
and an effort will be made to design a 
practical method for stretching the 
specimens more uniformly and_ for 


Table I. 


19 1939 Book of A.S.T.M. Standards, Part III, p. 331. 


during the year. 
to develop standard methods of test for 
proofed fabrics was authorized and 
A. F. Schildhauer has been appointed 


ballot of the committee which consists 
of 117 members; 75 members returned 
their ballots with the results shown in 


ACTIVITIES OF SUBCOMMITTEES 


Interest in the work of Committee 
D-11 and the activities of the various 
subcommittees has been well maintained 
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chairman. Although Committee D-13 
on Textile Materials has already de- 
veloped Specifications and Methods of 
Test for Cotton Goods Used for Rub- 
ber and Pyroxylin Coating (A.S.T.M. 
Designation: D 334), standard test 
methods for various finished products 
made from fabrics which are coated with 
rubber and rubber-like materials are 
urgently needed and are considered to 
be within the scope of Committee D-11. 
Numerous tests are now included in the 
specifications for these materials, but 
there is very little standardization and 
insome cases the tests leave much to be 
desired. 

Technical Committee A on Automotive 
Rubber (L. A. Danse, chairman).—This 
technical committee has actively ad- 
vanced its work along lines indicated in 
the 1940 report. A comprehensive re- 
view of its accomplishments has been 
published in the ASTM BvLtetIn.”° 
The committee has held six meetings in 
Detroit, Mich., during the year. The 
section on motor mountings completed 
an extensive cooperative test investiga- 
tion on compression set testing in which 
samples from seven sources in five hard- 
hess grades were tested in ten cooperat- 
ing laboratories. Over 1400 individual 
determinations were made and the data 


obtained supports the following con- 
clusions: 


1. Satisfactory duplication of results between 
laboratories is accomplished using either the A 
ot B method of the Tentative Methods of Test 
lor Compression Set of Vulcanized Rubber 
D 395 - 40 T).2 

2. Results obtained by Method B lend them- 
‘elves to more useful interpretation when con- 
sidering several hardnesses of compounds and 
sould be used in the standard classification of 
motor mounting stocks. 

‘ 3. Factors have been developed whereby 
Method A values can be converted to cor- 
tesponding Method B values. 


*E. G. Kimmich, “R i ien,” 
No. 106, Octal Compressien,”” ASTM 


II, gupplement to Book of ASTM. Standards, Part 


hose, has this year presented the pro- 


In connection with this test program, 
considerable difference of opinion de- 
veloped concerning the values for com- 
pression set originally selected for use 
in the proposed standard S.A.E. clas- 
sification, and the fact was brought out 
that some of these values are very dif- 
ficult to meet, as well as not being 
necessary in the manufacture of certain 
mountings which have proven satis- 
factory in service. Also, some of the 
compounds which have the lowest set 
values will not adhere directly to metal 
surfaces but require an intermediate 
layer referred to in the industry as tie 
gum. Such compounds are suitable for 
motor mountings but are more costly to 
manufacture and possibly do not justify 
the extra cost in better service value. 
It was finally agreed to. recommend two 
classifications over the hardness range, 
one classification permitting higher set 
values but including requirements as to 
tensile strength and elongation of the 
rubber, the other classification remaining 
substantially as prepared last year. 
These classifications were approved for 
recommendation as S.A.E. standard. 
The work on the production type of 
compression testers and on _ portable 
hardness testing instruments has been 
continued. Efforts were made to set 
up a standard means of calibrating a 
Shore durometer, but these have not yet 
been successful because no satisfactory 
standard is available to calibrate against. — 
The section is now endeavoring to obtain — 
such a standard. 

The Section on Bumpers has con- 
tinued its work on load deflection, im-— 
pact tests, and heat failure of bumper 7 
stocks. A large amount of work has 
been done, but the section is not yet — 
ready to recommend either classifications 
or test procedures. 

Section III, on Hydraulic Brake Hose, 
which last year completed specifications 
and methods of test for hydraulic brake 
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posed Tentative Methods for Testing 
Automotive Air Brake and Vacuum 
Brake Hose,‘ together with specifications 
which are being recommended as S.A.E. 
standard. Work is being continued on 
the development of test methods ap- 
_ plicable to hose used in automotive 
cooling systems. 

Attention of the technical committee 
has been called from time to time to 
specific needs for various tests not yet 
standardized. These are being given 
consideration or have been referred to 
various other subcommittees. 

Subcommittee VI on Packings (William 
Staniar, chairman).._Subcommittee VI 
has this year instituted the policy of 
having at its meetings a series of tech- 
nical papers. The first program given 
at its March, 1941, meeting consisted of 
the following: 


“Experiences in Packing a Cellophane Cast- 
ing Machine,” by William Staniar, 

“Special Gaskets,” by J. R. Boyer, 

“Tests of Packings for Refinery Services,”’ by 
George W. Oxley, and 

“The Effect of Operating Variables on the 
Performance of a Typical Centrifugal Pump 
Packing,” by F. C. Thorn. 


These papers were exceedingly valuable, 
and it is expected that similar programs 
will be continued in ‘the future. The 
subcommittee plans to give attention to 
the development of test methods ap- 
_ plicable to automotive gaskets. 

Subcommittee XI on Chemical Analysis 
of Rubber Products (S. Collier, chairman). 

Since the completion of the revised 
methods of chemical analysis (D 297 — 
40 T),’* which were accepted by the 
Society through Committee E-10 on 
Standards, this committee has been 
actively at work on cooperative test 
_ programs dealing with the methods for 
determining cellulose and carbon black 
in rubber compounds. Work is also 
under way on Procedure B, rubber 
solvent method, looking toward its 
revision and improvement. 


Subcommittee XIV on Abrasion Tests 
for Rubber Products (G. S. Haslam, 
chairman).—In addition to working on 
the proposed method for determining 
tear resistance, this subcommittee js 
undertaking a cooperative study of 
Methods A. and B of the Standard 
Methods of Test for Abrasion Resistance 
of Rubber Compounds (D 394 - 40) 
This work is being done jointly by a 
section of Subcommittee XIV and a 
committee organized by the Technical 
Committee of the Rubber Manufacturers 
Association. It is hoped by means of the 
program which has been developed, to 
obtain information concerning the re- 
producibility of Method B, using the 
National Bureau of Standards abrader, 
similar to that which was obtained by 
the committee with the cooperation of 
the V. L. Smithers Laboratories on 
Method A using the E. I. du Pont 
abrader. Effort will also be made to 
ascertain any possible correlation of the 
two methods. Another section of the 
subcommittee has been authorized to 
investigate possible methods for abra- 
sion testing applicable to rubber and 
plastic decking materials such as rubber 
latex-cement flooring, vulcanized and 
cemented rubber matting, and the like, 
for which the present standard methods 
have been found unsuitable. This work 
is being undertaken at the suggestion of 
the Navy Department. 

Subcommittee XVIII on Dynamic 
Fatigue Testing (W. F. Tuley, chairman). 

The principal work before this sub- 
committee at present deals with the new 
Tentative Methods of Test for Compres- 
sion Fatigue which are recommended 
for publication as tentative as mel- 
tioned earlier in this report. A coopera- 
tive investigation of the reproducibility 
of these tests in various laboratories 5 
planned. 

Subcommittee XV on Life Tests for 
Rubber Products (J. H. Ingmansot, 
chairman).—This subcommittee has 
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mder way a series of tests, in which 
deven laboratories are cooperating, 
which is designed to investigate further 
the tentative revision of the Standard 
Method of Test for Accelerated Aging of 
Vulcanized Rubber by the Oxygen-Pres- 
gure Method (D 572 -—40),* in which 
CC. is used and to compare the results 
obtained using this temperature with 
thoseat 70 C. The subcommittee is also 
undertaking further work on the Pro- 
posed Method of Test for Resistance to 
Accelerated Light Aging of Rubber 
Compounds? and the Proposed Method 
of Calibrating a Light Source for Ac- 
wderating the Deterioration of Rubber.’ 
This work involves comparison of vari- 
us types of artificial light sources and 
exposure cycles together with actual 
sunlight exposure. 

Subcommittee XXIII on Hard Rubber 
W. H. Juve, chairman).—A section of 
this subcommittee, organized under the 
‘hairmanship of W. E. Glancy for the 
preparation of standard test methods for 
asphalt composition battery boxes, has 
prepared proposed standard methods 
covering chemical examination, includ- 
ing manganese and iron determination, 
and acid absorption as well as physical 
tests for tensile strength, elongation, 
bulge tests, and sensitivity to hot and 


cold cycles. A large amount of co- 
operative testing has been done by the 
section, and these methods represent the 
results of the tests. It is expected that 
the methods will be ready for presenta- 
tion to the Society through Committee 
E-10 later in the year.” The Section on 
Physical Testing under D. E. Jones has 
completed the testing program discussed 
in the 1940 report. The data from twelve 
cooperating laboratories have been tabu- 
lated and studied by the entire com- 
mittee. The results indicated that the 
reproducibility of the present Tentative 
Methods of Testing Hard Rubber Prod- 
ucts (D 530 — 39 T) is not all that could 


_ be desired, and further tests under more 


carefully controlled conditions are being 
carried out with the objective of im- 
proving these methods. 


This report has been submitted to 
letter ballot of the committee which 
consists of 117 members; 75 members 
returned their ballots, of whom 67 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
O. M. HAYDEN, 
Chairman. 
ARTHUR W. CARPENTER, 


Secretary. 


EDITORIAL NOTE 


Subsequent to the annual meeting, Committee D-11 presented to the Society 
through Committee E-10 on Standards the following recommendations: 


New Tentative Methods of: 


Testing Asphalt Composition Battery Containers (D 639 - 41 T), 
Sampling and Testing Rubber Latex (D 640 - 41 T), and 


Revision of Tentative Methods of: 


7 Chemical Analysis of Rubber Products (D 297 - 40 T). 
These recommendations were accepted by Committee E-10 on August 25, 


1941, and the new tentative standards, assigned the A.S.T.M. serial designations 
indicated above, and the revised tentative methods appear in the 1941 Supple- 
ment to Book of A.S.T.M. Standards, Part III, pp. 519, 509, and 466. 

Committee D-11 also presented to the Society, through Committee E-10, 
Emergency Alternate Provisions in the Standard Specifications for Insulated 
Wire and Cable: Class AO, 30 per cent Hevea Rubber Compound (D 27 — 41) 
which were accepted on August 25, 1941. They have been issued under the 
designation EA-D 27 and appear as an insert sheet in the 1941 Supplement to 
Book of A.S.T.M. Standards, Part III, p. 102. 
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REPORT OF COMMITTEE Diz 
ON 
SOAPS AND OTHER DETERGENTS 


Committee D-12 on Soaps and Other 
Detergents held one meeting this year on 
March 11 and 12, 1941, in New York, 
N. Y. There was a larger attendance 
this year than there has been at previous 
sessions, when two meetings a year were 
held. 

At this meeting, W. D. Pohle, of the 
Naval Stores Research Division of the 
U.S. Department of Agricultural Chem- 
istry and Engineering, presented an in- 
formal talk on rosin soaps and their 
germicidal effects, and L. M. Diller, of 
Hellige-Diller, Inc., discussed the use of 
his photometer in reading the colors of 
liquid oils. 

The following new members have been 
elected to Committee D-12 during the 
year: 

T. W. Smith, U. S. Army Quartermaster 

Corps, 

J. N. Borglin, Hercules Powder Co., Experi- 

ment Station, 

B. G. Wilkes, Carbide and Carbon Chemical 

Corp., 

Standard Alcohol Co., 

Chas. J. Gundel, Fels and Co., and 

W. B. Sherry, General Chemical Co. 


In addition, R. E. Divine, a former 


advisory member, has succeeded L. B. 
Hitchcock as a regular member and has 
also been elected to membership on the 
Advisory Committee in his place; Mr. 
Hitchcock, who has been a very active 
member of the committee and advisory 
board, resigned due to a change in duties. 
Bernice Bronner has replaced Katherine 
Fisher who resigned due to a change in 
duties. 

Constructive criticism of the methods 
of test for soaps and detergents has 
been received from numerous sources, 


and these suggestions have been con- 
sidered by the proper subcommittees. 
Some of the criticisms have been that 
the methods are too long, but the com- 
mittee feels that as referee methods they 
must be accurate and precise, so that 
analysts somewhat inexperienced in soap 
work can obtain correct results. Any 
chemist on routine work can devise and 
use many short cuts on such work, but 
in the opinion of the committee, in 
referee methods accuracy is paramount. 

The committee has worked in collabo- 
ration with purchasers in setting up 
specifications, particularly the Common- 
wealth of Pennsylvania. 

A paper on “Soaps and Other Deter- 
gents” prepared by H. P. Trevithick 
with the assistance of a number of 
members of the committee, was pub- 
lished in the ASTM Buttetin! A 
summary of this paper appeared in 
Industrial Standardization, March, 194, 
published by the American Standards 
Association; and in American Dyestuf 
Reporter, May, 1941. A somewhat simi 

_ Jar article was also published in Chemical 
Industries in February, 1941; and in 
Soap and Sanitary Chemicals, July, 1941. 

Considerable interest has been evinced 
in detergency measurements at various 
times. Section E on Sulfonated Deter- 
gents of Subcommittee II has worked 0 
this problem for the past five yeals, 
and while the section has achieved com- 
siderable progress, it has not yet solve? 
this problem. A summary of this wort 
is in preparation and will be presente? 
later. 


1 ASTM BuLtetin, No. 107, December, 1940, P- 
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I. New TENTATIVE STANDARDS 


The committee recommends that the 
jollowing new specifications and method 
of test be accepted for publication as 
tentative: 

Specifications for Olive Oil Chip Soap (Type 
4, Pure; Type B, Blended),? and 

Method of Test for Carbonates as Carbon 
Dioxide in Soaps and Soap Products (Evolution- 
Volumetric Method),? to be added, when adopted 
to the Standard Methods of Sampling and 
Chemical Analysis of Soaps and Soap Products 
D 460 39).8 

II. REVISIONS OF TENIATIVE 
STANDARDS 


The committee recommends that the 
iollowing tentative standards be revised 
as indicated below and continued as 
tentative: 

Tentative Specifications for Palm Oil 
Chip Soap (D 536-—39T),* revised as 
appended hereto® to cover the addition 
of requirements for palm oil chip soap 
‘blended type). 

Tentative Specifications for Olive Oil 

id Soap (Type A, Pure; Type B, 
Blended (D 592-40 T),® revised as fol- 
Table I.— Change the titer require- 
ent forty» A soap from “18 to 25 C.” 

read “16 to 26 C.” 

\dd the following requirements for 
ree acid as an editorial correction as 
hese had been inadvertently omitted 
irom the 1940 printing of the specifica- 

ns: 


TypeA TypeB 
acid, calculated as oleic 


id, max., per cent....... . 


Tentative Methods of Sampling and 
emical Analysis of Special Detergents 
T),7 revised by the addition 
new Sections 13 to 15 covering a new 


sane specifications and method were accepted as 
ry the Society and appear in the 1941 Supple- 
© Book of A.S.T.M. Standards, Part III, pp. 604 
respectively. 

~4 ee of A.S.T.M. Standards, Part III, p. 487. 

99 Book of A.S.T -M. Standards, Part III, p. 1063. 
specifications were accepted as tenta- 
kof AST AR nt appear in the 1941 Supplement to 
+1940 M. Standards, Part III, p. 606. 

ll, p, son ement to Book of A.S.T.M. Standards, Part 


Ul, p puPPlement to Book of A.S.T.M. Standards, Part 


method for sampling and analysis of 
tetrasodium pyrophosphate as follows: 


13. Sampling.—Tetrasodium pyrophosphate 
(NasP,07) shall be sampled by removing por- 
tions from various parts of the container. Sam- 
ples shall not be taken from those portions where 
caking is noticeable due to the absorption of 
moisture and CO, through the container. If 
the tetrasodium pyrophosphate is caked, the 
sample shall be obtained by thoroughly mixing 
and quartering the entire contents of the pack- 
age. 
14. Tetrasodium Pyrophos phate, (a) 
Scope.—This procedure describes an indirect 
determination of by titration of H.SO, 
liberated by the action of ZnSO, on an acid 
pyrophosphate in accordance with the following 
reactions: 

+ 2HCI = NazH2P,07 2NaCl 
+ 2ZnSO, = Zn2P207 + Na,SO, 

+ H.SO, 
This titration is a measure of the pyrophosphate 
content. This method for pyrophosphate is 
inaccurate in the presence of polyphosphates. 

(b) Apparatus.—Carry out the titration with 
an electrometric titration apparatus consisting 
of a potentiometer and glass electrode assembly. 

(c) Reagents: 

(1) Hydrochloric Acid (0.2 N). 

(2) Sodium Hydroxide Solution (0.2 N).— 
Standardize against c.p. NasP2,O7 which has 
been recrystallized three times from water and 
dried at 400 C. to constant weight. 

(3) Zinc Sulfate Solution.—Dissolve 125 g. 
of ZnSO,-7H,O in distilled water and dilute to 
1 liter, filter, and adjust the pH to 3.8. 

(d) Procedure.—Weigh accurately approx- 
imately 1 g. of the sample and dissolve in suffi- 
cient distilled water in a 250-ml. beaker so that 
the resulting solution will just cover the elec- 
trodes of the glass electrode assembly. Adjust 
the pH of the solution to exactly 3.8 with 0.2 N 
HCl. Add 50 ml. of ZnSO, solution and allow 
5 min. for the reaction to become complete as 
shown by the pH becoming constant. Titrate 
the liberated acid with 0.2 N NaOH until a pH 
of 3.8 is again reached. , 

(e) Calculation.—Calculate the percentage of 
tetrasodium pyrophosphate as follows: 


/ ( 
Na,P,07, per cent = i xX F X 100 


where: 


of 0.2 N NaOH solution used for 
“al titration as calculated by standardi- 

zation against c.p. NasP,O7, and 
W = weight of sample in grams. 


W 
A = milliliters of NaOH required to titrate 
the sample, 
F = grams of Na,P,0; equivalent to 1 ml. 
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15. Matter Insoluble in Water.—Weigh 100 g. 
of the sample to the nearest 0.5 g. and transfer 
to a 1-liter beaker. Dissolve by stirring with 
distilled water at room temperature and dilute 
to approximately 900 ml. Filter by suction 
through a prepared, dried, and weighed Gooch 
crucible, using on the crucible a pad made of 
asbestos fiber only. Wash the beaker and resi- 
due free from alkali with water, and dry the 
crucible to constant weight in an oven at 110 C. 
Cool in a desiccator, and weigh. Calculate the 
percentage of matter insoluble in water from 
the average gain in weight of two checking 
duplicate determinations as follows: 

Matter insoluble in water, per cent 
= wt. of residue in grams. 


Tentative Definitions of Terms Relating 
to Soaps and Other Detergents (D 459 - 
40 T),*® the revision as appended hereto® 
includes revisions in seven definitions 
(alkali detergent, anhydrous soap con- 
tent, blended soap, built soap, detergent, 
pure soap, soap powder), the omission 
of the definitions for detergent soap pow- 
der, soapy alkaline detergent, and the 
addition of new definitions for dry clean- 
ing, scouring, and soil. 


III. REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption the following revisions 
in the Standard Methods of Sampling 
and Chemical Analysis of Soaps and 
Soap Products (D 460 39),? and ac- 
cordingly asks for a favorable nine- 
tenths vote at the annual meeting in 
ocder that these modifications may be 
referred to letter ballot of the Society: 

Section J2..-Change from its present 
form to read as follows to cover the 
addition of toluene as an alternate sol- 
vent for use in determining moisture in 
soaps containing 1 per cent or more of 
glycerol: 

12. Xylene (or Toluene).-(For soaps con- 
taining 1 per cent or more of glycerol, toluene 


shall be used instead of xylene.) Saturate the 
xylene (or toluene) with water by shaking with a 


to Book of A.S.T.M. Standards, Part 


I 

These revised definitions were accepted as tentative 
by the Society and appear in the 1941 Supplement to Book 
of A.S.T.M. Standards, Part III, p. 617 


Report oF COMMITTEE D-12 


small quantity of water and distill. Use the 
distillate for the determination. 


Section 13.—Following each reference 
to “xylene” add the words “or toluene” 
as a parenthetical phrase. 

Section 14.—Change to read as follows 
by the addition of the italicized words: 

14. Ethyl Alcohol (95 per cent).—Freshly 
boiled ethyl alcohol, 95 per cent or higher and 
neutral to phenolphthalein; either Formula No. 
3-A or No. 30 of the U.S. Internal Revenue Bu- 
reau. 

Section 29.—Omit this section covering 
the modified Wolff method for rosin, 
since the McNicoll method described 
in Section 30 is very satisfactory and a 
much more rapid procedure. 

Section 32.—Add in Note 1, following 
this section, the present description of 
the Liebermann-Storch Test now appear- 
ing as a note at the end of Section 29. 

Section 39.—Change the first eight 
sentences to read as follows by the 
addition of the italicized words and the 
omission of those in brackets: 


Weigh accurately from 0.10 to 0.50 g. (de 


_ pending on the iodine number) of the fatty acids 
as prepared under Section 34 into a clean, dry 


450-ml. (16-0z.) glass-stoppered bottle contair 
ing 15 to 20 ml. of carbon tetrachloride 
chloroform.| Add 25 ml. of the iodine solutior 
from a pipette, allowing it to drain for a definité 
time. The excess of iodine should be from 50t 
60 per cent of the amount added, that is, from 
100 to 150 per cent of the amount absorbed. 
[Moisten the stopper with KI solution (15 per 
cent) to prevent loss of iodine or chlorine, t 
guard against an amount sufficient to run 4 
inside the bottle.] Let the bottle stand in 4 
dark place for 30 min. [at a uniform temper 
ture] at a temperature of 25 + 2 C.; then add 20 
ml. of KI solution (15 per cent) and 100 mi 
of distilled water. Titrate the iodine with 0 
N sodium thiosulfate, added gradually watt 
shaking constantly, until the yellow color 0! 
the solution has almost disappeared. Add s 
few drops of starch paste and continue titratio 
until the blue color has entirely disappear? 
Toward the end of the reaction, stoppet be 
bottle and shake vigorously, so that any 100! 
remaining in solution in the tetrachloride 
chloroform] may be taken up by the KI solutior 


Section 42 (c).—Change the first se 
tence to read as follows by the addition 
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of the italicized figure and the omission 
of the figure in brackets: 


Evaporate the acidified solution (washing off 
and removing the cover glass, if used) to dryness 
na steam bath or hot plate at a temperature 
not exceeding [200 C.] 120 C. 


Section 43.—-In view of the publication 
as tentative of the new evolution- 
volumetric method for determination of 
carbon dioxide as an alternative pro- 
cedure for the present standard train- 
absorption procedure, change this section 
from its present form to read as follows: 


43. Whenever the determination of carbon 
side is prescribed in the specifications, either 
train-absorption method as described in 
Sections 44 and 45 or the evolution-volumetric 
thod as described in the Tentative Method of 
lest for Carbon Dioxide in Soaps and Soap 
lucts (A.S.T.M. Designation: D 460) of the 
\merican Society for Testing Materials,? shall 
sed. 


Section 45. Change the fifth sentence 
to read as follows by the addition of the 
italicized words and the omission of 
those in brackets: 


Weigh [out 1 or 2 g. of the sample] a sufficient 
bortion of the sample to yield approximately 0.2 
f CO, into the Erlenmeyer flask, cover with 
) ml. of freshly boiled distilled water, and 
¢ the apparatus with the train in place. 


Add the following sentence at the end 
of this section: 

If potassium carbonate only is present, the 
icrease in weight multiplied by 3.14 equals 
K;CO3. 

Section 48 (c).—Change the second 
entence to read as follows by the addi- 
lion of the italicized words and figures 
and the omission of those in brackets: 

Dry, burn first at low heat,* and then ignite 


constant weight, preferably in an electric 
imace, at [950 to 1000 C.| 1050 to 1100 C. 


“A platinum dish should not be used. 


Section 53 (a).-Change the second 
‘“entence from its present form: namely, 


Transfer the insoluble matter, without drying, 
to a beaker and heat for 2.5 hr. with 200 ml. of 
water and 20 ml. of HCl (sp. gr. 1.125) in a 
flask provided with a reflux condenser. 


to read as follows: 


Transfer the insoluble matter, without drying, 
to a 500-ml. flask provided with a reflux con- © 
denser, add 20 ml. of HCI (sp. gr. 1.125) and 200 j 
ml. of water, and boil for 2.5 hr. 


Section 59 (b).—Change the chemical _ 
formulas “KePtCle” to read “HePtCle.” 


IV. ADOPTION OF TENTATIVE 
STANDARDS AS STANDARD 


The committee recommends that the 
following tentative standards be ap- 
proved for reference to letter ballot of 
the Society for adoption as standard: 


Tentative Specifications for: 
Built Soap, Powdered (D 533 — 39 T)," 
Soap Powder (Alkaline Soap Powder) (D 
534 39 
Palm Oil Solid Soap (Type A, Pure; Type B, 


Blended) ( D535 40 
Sodium Metasilicate (D 537 — 39 T),! and ; 
Sodium Sesquisilicate (D 594 - 40 T)." ar 
Tentative Methods of: 
Chemical Analysis of Sulfonated and Sul- 7 
fated Oils (D 500 38 
V. ADOPTION AS STANDARD OF 
TENTATIVE REVISION OF 


STANDARD 


The committee recommends that the 
revision” of the Standard Methods of 
Sampling and Chemical Analysis of 
Soaps and Soap Products (D 460 — 
published as tentative in 1940 comprising _ 
a revision of the procedure for deter- 
mination of free alkali, matter insoluble 
in water, and the titer test and titer test — 
thermometer be approved for reference 
to letter ballot of the Society for adop-— 
tion as standard. 

10 1939 Book of A.S.T.M. Standards, Part III, pp. 1065, 
1067, 1068, 1074. 

11 1940 Supplement to Book of A.S.T.M. Standards, Part 
III, pp. 510, 514. ; 


12 1940 Supplement to Book of A.S.T.M. Standards, Part — 
III, p. 573. 
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The recommendations appearing in of glycerol is present. In addition, 
this report have been submitted to letter editorial changes are made in Pei 
ballot of the committee which consists of | sections of the methods covering carbon 


pect 
then 


seve: 


70 members; 56 members returned their dioxide, starch, and potash. of b 
ballots, with the results shown in Table I. The section is now recommending that ther 
the proposed Method of Test for Car. Se 
bonates as Carbon Dioxide in Soaps and (Ral 
7 2 Subcommittee I on Methods of Testing Soap Products (Evolution-Volumetric new 


ACTIVITIES OF SUBCOMMITTEES 


(J. B. Crowe, chairman): Method), as appended hereto, be ar- sulfc 
Section A on Soaps (M. L. Sheely, cepted for publication as tentative, to com’ 
aa recommends that the revision be added when adopted to Standard next 
& the Standard Methods of Sampling Methods D 460 - 39.8 Se 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. gent 
Sect 
Ballots 
Affirmative Marked “Not Fult 
Voting” 
loriy 
I. New TENTATIVE STANDARDS hop 
Spec. for Olive Oil Chip Soap (Type A, Pure; Type B, Blended) 
Test for Carbonates as Carbon Dioxide in Soaps and Soap Products (Evolu- 
tion-Volumetric Method) . aa 


Items 


II. Revisions Or TENTATIVE STANDARDS 

Spec. for Palm Oil Chip Soap (D 536 - 39 T) ‘“ 

Spec. for Olive Oil Solid Soap (Type A, Pure; Type B, Blended) (D 592 - oper 
40 


T) 
Sampling and C hemical Analysis of Special Detergents (D 501 - 40 T).... of ¢ 
Definitions of Terms een to dase and Other Detergents (D 459 — pha 


Revision oF STANDARD, IMMEDIATE ADOPTION revi 
Sampling and Chemical Analysis of Soaps and Soap Products (D 460 by 
39) 


1V. Apoprion OF TENTATIVE STANDARDS AS STANDARD ried 


Spec. for Built Soap, Powdered (D 533 - 39 T) 1 VloU 
Spec. for Soap Powder (Alkaline Soap Powder) (D 534 — 39 T) , 
Spec. for Palm Oil Solid Soap (Type A, ees 0 B, Blended) (D 535 Inve 
- 40 T) 
Spec. for Sodium Metasilicate (D 537 - 39 7). es 0 ol t 
Spec. for Sodium Sesquisilicate (D 594 - 40 T) eas tetr 
Chemical Analysis of Sulfonated and Sulfated Oils (D 500 — 38 7). . — 


V. Abortion AS STANDARD oF TE NTATIVE REVISION OF STANDARD vide 
Star 
the 
for 
bets 
elev 
Was 


and Chemical Analysis of Soaps and Through the cooperation of this com- 
Soap Products (D 460-39) published mittee with Technical Committee XII 
as tentative last year be adopted as_ on Laboratory Apparatus of A.S.T.M. 
standard. This revision covers minor Committee E-1 on Methods of Testing on 
changes in the procedure for determining and the American Oil Chemists Society, oe 
free alkali, omitting the filtration if the Fat Analysis Committee, detailed revised the 
alkaline builder is under 0.5 per cent; specifications for the titer test ther- 
in the determination of water insoluble mometer'* have been completed. The 
matter; and in the titer test. The com- Association of Official Agricultural Chem- 
mittee is recommending for immediate ists is also considering the adoption of 
adoption a revision in Method D460 this titer test thermometer. It is & 
consisting of the elimination of the Wolff ———— Thet 
method rosin and the use of toluene —mometis besimation: E1) the Ameria 


j H . Society for Testing Materials, 1941 ‘Supplement to Book 
in the moisture test if 1 per cent or more A°ST’M°Standards, Part IIL, p. 619. 
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pected that the specifications for this 
thermometer will be acceptable to the 
gveral interested groups in the interest 
of having a single standard for this 
thermometer. 

Section B on Sulfonated Detergents 
(Ralph Hart, chairman) is working on 
new methods for volatile solvents in 
sulfonated oils and hopes to be able to 
complete this work for submission at the 
next meeting. 

Section C on Dry Cleaning Deter- 
gents of this subcommittee and also 
Section D of Subcommittee II (G. P. 
Fulton, chairman) are investigating per- 
formance tests and specifications and 
hope to achieve some concrete results by 
the next meeting. 

Section D on- Special Detergents (W. 
H. Koch, chairman) carried out co- 
operative laboratory work on a method 
of analysis for .tetrasodium pyrophos- 
phate, This method consisted of a 
revision, where necessary, of the method 
by which the committee members car- 
ried out similar studies during the pre- 
vious year. The work consisted of 
investigations directed to decide which 
of two methods of preparation of c.p. 
tetrasodium pyrophosphate would pro- 
vide a purer product for purposes of 

standardization. This was followed by 
the analyses of two commercial products 
for NaP,O; content. The agreement 
between the results obtained by the 
eleven laboratories supplying analyses 

Was exceptionally good. The individual 
results obtained by each laboratory 

ere excellent. The section feels that 
the new procedure presented for in- 
dusion in the Tentative Methods of 

sampling and Chemical Analysis of 
special Detergents (D 501-40T)’ is 
more than adequate for the purpose 
intended. The committee as a whole 
"aS approved the recommendation of 


this subcommittee to submit the method 
tentative. 


A method of analysis for sodium or- 
thosilicate was also considered, but it 
was decided to withhold this method 


until it was shown that there was con- — 


siderably more demand for it and until 
certain highly controversial arguments 
on chemical composition were more com- 
pletely clarified. Further progress on 
this method will await the action of the 
Subcommittee on Specifications. 

Subcommittee II on Specifications (F. 

W. Smither, chairman): 

This subcommittee held one meeting 
during the year. The various sections 
of Subcommittee II have been active, 
but the time and study required for the 
difficult assignments now under con- 


sideration have necessarily limited the ~ 


number of definite recommendations at 
this time. Brief mention is made below 
of several recommendations on new and 


revised specifications which are covered 


in detail earlier in this report. 
Section A on Textile Soaps (C. L. 
chairman) and Section C 


Nutting, 
on Straight Soaps (Israel Katz, chair- 
man) have continued their joint work 


as reported last year. It is recom- 
mended that the Tenative Specifications 
for Palm Oil Solid Soap (Type A, Pure; 
Type B, Blended) (D535-—40T) be 
adopted as standard. It is also recom- 
mended that the Tentative Specifica- 
tions for Palm Oil Chip Soap (D 536 — 
39 T) be revised to include two types, 
pure and blended, and continued as 
tentative. 
mended in the titer values and the fatty 
acid limit of the Tentative Specifications 
for Olive Oil Solid Soap (Type A, Pure; 


Type B, Blended) (D 592-40T) and 


the specifications continued as tentative. ; 


Revisions are being recom-— 


Proposed Specifications for Olive Oil Chip . 


Soap (Type A, Pure; Type B, Blended)? | 
are being submitted for acceptance. 
These sections will work on “Fig” 


(potash) soaps and soaps this 
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Section B on Built Soaps (Frederick 
Krassner, chairman) is recommending 
that the Tentative Specifications for 
Built Soap, Powdered (D 533 — 39 T) 


and for Soap Powder (Alkaline Soap 


' standard. 


Powder) (D 534-39 T) be adopted as 
The section is also recom- 
mending that the Tentative Specifica- 
tions for Salt Water Soap (D 593 — 40 T) 
be continued as tentative. The section 
has under consideration the formulation 


_ of specifications for scouring powders and 


grit soaps. 
Section D on Dry Cleaning Detergents 


(G. P. Fulton, chairman) reports that 


information is not available at this time 
for preparing specifications for dry- 
cleaning soaps, based on composition or 
on physical characteristics. This sec- 


tion will make a survey of the producers, 
users, and testing laboratories by means 
of a questionnaire for the purpose of 
determining the practicability of pre- 
paring performance specifications. 


Section E on Sulfonated Detergents 
(J. B. Crowe, chairman) has prepared 
a résumé of, and detergency tests for, 
all of the previous work which has been 
done by this section. These data are 
now compiled in condensed form which 
is to be subjected to statistical study by 
the section members. Also, a question- 
naire is to be sent out covering such 
points as history and performance of 
standard soil fabrics. 

Section F on Special Detergents (C. 
C. Zeigler, chairman) is recommending 
that the Tentative Specifications for 
Sodium Sesquisilicate (D 594 40 T) 
and for Sodium Metasilicate (D 537 
39 T) be adopted as standard and that 
the Tentative Specifications for Tetra- 
sodium Pyrophosphate (Anhydrous) (D 
595-40 T) be continued as tentative. 
The section is considering the prepara- 
tion of specifications for sodium or- 
thosilicate. 

Section G on Metal Cleaners (J. C. 
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Harris, chairman) is preparing methods 
of analysis for metal cleaners, and it js 
expected that the methods will be com- 
pleted for submission to the section for 
approval for presentation as a tentative 
standard at the 1942 annual meeting. 
The section plans to circulate a ques- 
tionnaire among producers and con- 
sumers of metal cleaning <ompositions 
for the purpose of ascertaining what 
standards of cleanliness should be pre- 
scribed and what methods of determining 
this property may be employed. It is 
believed that the results of this question- 
naire will enable the section to formulate 
useful specifications and methods for 
the metal cleaning industry. 

Subcommittee IIIT on Nomenclature and 

Definitions (C. A. Marlies, chairman): 

This subcommittee recommends that 
the Tentative Definitions of Terms Re- 
lating to Soaps and Other Detergents 
(D 459 - 40 T) be revised as mentioned 
earlier in this report and continued as 
tentative.: 

The subcommittee also recommends 
that the title of the Tentative Specifica- 
tions for Soap Powder (Alkaline Soap 
Powder) (D 534 — 39 T) be changed edi- 
torially, since the subcommittee feels 
that the subtitle “‘Alkaline Soap Pow- 
der’’ is more appropriate and descriptive 
than the present main title “Soap 
Powder.” In this way it is hoped to 
educate the industry to a better desig- 
nation of this time-honored product. 
Subcommittee IV on Papers and Publica- 

tions (W. H. Koch, chairman): 

The paper on “Soaps and Other Deter- 
gents,” by H. P. Trevithick, which was 
approved last year was published in the 
ASTM Buttetin! as mentioned 
lier in this report. 

The subcommittee prepared the two 
sections on soda ash and trisodium phos- 
phate for a monograph on the testing 
and use of soaps and other detergents. 
These sections were submitted to the 
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ommittee during the year with the 
request for their comments. Many 
were received, and the committee was 
onsidering the desired additions and 
erections when the question of the 
sirability of presenting such a mono- 
gaph again arose. This question will 
wain be put to all the members of the 
ommittee by letter with a request for a 
finite expression of opinion by each 
ygrson. One suggestion is that the 
nonograph be in the form of a tabulation 
‘ith explanation of such things as pH 
t various temperatures and concentra- 
tions, total alkalinity to methyl orange, 
commercial forms, common names, pack- 
age sizes, common uses in the detergent 
feld, solubility at 20C., relative rates 
{ solution, colloidal and emulsifying 
properties, surface tension, stability in 
storage, corrosion rates against metals, 
paints, fabrics, etc., water softening 
properties, turbidity, sudsing in com- 
bination with soap, oil emulsification, 
ction on the skin, and other properties 
hich the committee might include later, 
reach of the separate detergents for 
‘hich the committee may have provided 
specifications and methods of analysis. 
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It was also suggested and recom- 
mended that Subcommittee IV prepare 
for publication and presentation to the 
Society the method of analysis for tetra- 
sodium pyrophosphate which had been 
developed by Section D of Subcommit- 
tee I. It was felt that the type of work 
this section has done, in this instance 
in their cooperative laboratory work, is 
of scientific value and should be made 
available to the profession. Accord- 
ingly, this method has been prepared 
for inclusion in the Tentative Methods 
of Sampling and Chemical Analysis of 
Special Detergents (D 501-40T) as 
recommended earlier in this report. 


This report has been submitted to 
letter ballot of the committee which 
consists of 70 members, 56 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
H. P. TREVITHICK, 
Chairman. 
B. S. VAN ZILE, 
Secretary. 


¥ 


- 
rds 
Is 
m- 
for 
ive 
ng. 
es- 
on- 
ons 
hat 
re- 
ing 
is 
{ 
for 

nd 
n): 
hat 
Re- 
nts 
ned 
as 
nds | 
| 
edi- 
eels 
: 
40 
| to 2 

/ 
ter- i 
was 
ear- 

: 

hos- 
ting 
ants. 


REPORT OF COMMITTEE D-13_ 


Committee D-13 on Textile Materials 
held two meetings during the year: one 
on October 16 to 18, 1940, in New York, 
N. Y., and the other on March 5 to 7, 
1941, in Washington, D.C. The latter 
meeting was held in conjunction with the 
spring meeting of the Society. The 
number of members and guests registered 
was 153 and 136, respectively. The 
total attendance at these two meetings 
set a new high record. Of the 28 sub- 
committees or sections which compose 
the organization of Committee D-13, 24 
held sessions at the fall meeting and 19 
at the spring meeting. The executive 
direction of the affairs of the committee 
required three meetings of the officers 
and two meetings of the Advisory Com- 
mittee. 

The above facts, together with the 
numerous subcommittee activities and 
the many recommendations regarding 
standards reported herein, indicate that 
interest in standardization in the textile 
field is fully as active and productive as 
in recent years. The officers of the 
committee take this opportunity to ex- 
press their full appreciation of the hearty 
and voluntary service rendered by the 
chairmen and members of the subcom- 
mittees during the past year. 

The Advisory Committee has ap- 
proved of one change in its membership. 
Mr. A. C. Clifford has been appointed 
chairman of Section I on Nomenclature 
and Definitions, of Subcommittee A-8 
on Glass Fiber and Its Products, vice 
S. M. Dockerty, resigned. The Ad- 
visory Committee has also appointed 
W. D. Appel to represent Committee 


ON 
TEXTILE MATERIALS 


D-13 on Technical Committee XIII on 
Hydrogen Ion Determinations, of Com. 
mittee E-1 on Methods of Testing. 

Mr. A. G. Ashcroft has accepted an 
appointment to the Committee on Ap- 
plication of Statistical Methods to 
Quality Control of Materials and Manv- 
factured Products, organized by the 
American Standards Association at the 
request of the War Department. By 
action of the Executive Committee of 
the Society, C. J. Huber and F. S. Mapes 
have been named as nonvoting delegates 
of the American Society for Testing 
Materials on the Inter-Society Color 
Council, and H. J. Ball has been ap- 
pointed as the A.S.T.M. representative 
on the Advisory Committee on Ultimate 
Consumer Goods of the American Stand- 
ards Association. Messrs. A. G. Ash- 
croft, W. M. Scott, and R. E. Hess 
(Alternate) have been appointed as 
representatives of the A.S.T.M. on the 
recently organized Sectional Committee 
on Fastness of Colored Textiles, of 
which the Society is co-sponsor, func- 
tioning under the procedure of th 
American Standards Association. 

Mr. L. B. Arnold, Jr., has resigned as 
chairman of the Special Committee for 
testing of Textile Finishes, because of a 
change of position, and M. C. Moore 
and G. A. Slowinske have been appointe? 
chairman and_ vice-chairman, respec 
tively, by the sponsors of the program. 
A report of the work for the second yet 
on this project is given under the ac 
tivities of the subcommittees. 

The committee feels it is an honor! 
place in its report a record of the nominé 
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tion of one of its very active members, 


Dean Harvey, to the office of vice- 
president of the Society. 
The American Standards Association 
as approved as an American standard 
e AS.T.M. Standard Methods of 
Testing and Tolerances for Tubular 
Sleeving and Braids (D 354-36; ASA 
113-1941). The committee is recom- 
nending to the ASA for approval as 
American standard two other standards: 
samely, the Standard Specifications for 
Textile Testing Machines (D 76 - 40) 
and the Standard Methods of Testing 
Wool Felt (D 461 — 40). 
The Advisory Committee authorized 
t the October meeting the formation of 
1 Membership Committee. Its func- 
tin is to seek out and encourage the 
enrollment of individuals who, because 
of their interests, experience, and at- 
titude, can contribute to the work of 
Committee D-13. The Membership 
Committee will also concern itself with 
an analysis of those features of the work 
of Committee D-13 which make it an 
attractive field for the efforts of those 
interested in standardization in the 
textile industry and, if they exist, of any 
leatures of the organization or methods 
ioperation which might discourage the 
wle-hearted cooperation of those who 
could otherwise contribute to the com- 
mittee’s progress. The Membership 
Committee is composed of G. E. 
Hopkins, chairman, K. B. Cook, and 
D.G. Woolf. It has already approached 
19 prospective members and has se- 
ied 23 new members. 
Acting upon the request of Subcom- 
ttee B-4 on Bleaching, Dyeing, and 
Finishing (W. M. Scott, chairman), 
\ommittee D-13 voted at the March 
ne to authorize the appointment 
a Special Committee on Dermatitis. 
his committee will advise with similar 
ommittee from several other national 
‘sociations, which have a kindred in- 


terest in this subject, upon the possibility 
of joint action in formulating a program 
of research into textile finishes as a cause 
of skin irritation. The committee is 
composed of Ephraim Freedman, chair- 
man, W. H. Cady, C. W. Dorn, D. H. 
Powers, W. M. Scott, and J. H. Shipp. 

It is with regret that the committee 
records the decease of Edwin H. Marble 
at his home in Worcester, Mass., on 
April 16, 1941. He was a charter mem- 
ber of the committee. Mr. Marble was 
intimately associated with the formation 
of Committee D-13, and his advice and 
wise counsel were of valuable assistance 
in guiding it through its early and 
formative years. 

The present membership of Committee 
D-13 is 239; of whom 103 are classified 
as producers, 53 as consumers, and °3 
as general interest members. 


RECOMMENDATIONS AFFECTING 
STANDARDS 


Committee D-13 is presenting for 
publication as tentative two new speci- 
fications, five new methods of test for 
textile materials, and is recommending 
the revision of seven tentative standards, 
the revision of four existing standards 
for immediate adoption, the tentative 
revision of six existing standards, the 
adoption as standard of three tentative 
standards and of three tentative revi- 
sions of existing standards, and the with- 
drawal of two existing standards. The 
revisions being presented are included 
in detail in Appendix I and are ac- 
companied, where necessary, by brief 
statements of the reasons for such 
revisions. The new tentative standards 
and the existing standards affected are 
listed in Table I and are also referred 
to under subcommittee activities. 

These recommendations have been 
submitted to letter ballot of the com- 
mittee which consists of 239 members, 
the results being shown in Table I. | 
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Subsequent to the 1940 annual meet- the revised methods now appear in the 
ing, Committee D-13 presented to the 1940 Supplement to Book of A.S.T.y. 
Society through Committee E-10 on Standards, Part III, p. 446, under the 
Standards an extensive revision of the designation D 414 —- 40 T. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Ballots 
Items Affirmative Negative | Marked " Not 


Voting” 


I. New Tentative STANDARDS 

Spec. for Medium-Weight Cotton Corduroy Fabrics .. 

Spec. for Fire-Retardant Properties of Treated Textile Fabrics 

Tests for Evaluating Compounds Designed to Increase the Resistance of 
Textiles to Insect Pests ; 

Testing Asbestos Tubular Sleeving 

Quantitative Analysis of Textiles. . 

Test for Commercial Weight of Continuous Filament Rayon Yarns 
(D 258 - 41 T) 

Test for Commercial Weight ‘of Spun Rayon Yarns and Threads 
(D 507 - 41 T). 


If. Revisions OF TENTATIVE STANDARDS 
Spec. for Single-Ply Bleached Cotton Broadcloth (D 504 — 38 T). 
Testing and Tolerances for Woven Glass Fabrics (D 579 - 40 T).. 
Testing and Tolerances for Woven Glass Tapes (D 580 - 40 T).. 
Testing Rayon Staple (D 540-39 T)..... 
Test for Resistance of Textile Fabrics and Yarns to Moths (D $82 - 40 T) 
Test for Shrinkage of Grease Wool (Laboratory Scale Operations) (D 584 - 


Identification of Fibers in Textiles and Quantitative Analysis of Textiles 
(D 276 - 37 T 


III. Revisions or STANDARDS, IMMEDIATE ADOPTION 
Testing and Tolerances for Cotton Yarns (D 180 - 40) 
Testing and Tolerances for Tubular Sleeving and Braids (D 354 — 36; 
ASA L13-1941).. 
Test for Fastness of Dyed or Printed Cotton Fabrics to Laundering or Do- 
mestic Washing (D 435 — 37) 
Test for Fastness of Colored Textile Fabrics to Light (D 506 - 39).. 


IV. TENTATIVE REVISIONS OF STANDARDS 
Spec. for Textile Testing Machines (D 76 - 40) 
Spec. and Test for Fineness of Wool Tops (D 472 - 41).. ; 
Testing and Tolerances for Tire Cord, Woven and 7 Cones (D 179 - ~ 38). 
Testing and Tolerances for Cotton Yarns (D 180 - 40) 
Testing Pile Floor Covering (D 418 — 40) 
Definitions of Terms Relating to Textile Materials (D 123 - 40) 


V. ApopTion oF TENTATIVE STANDARDS AS STANDARD 
Testing and Tolerances for Single Jute Yarn (D 541 - 39 T), as revised.. 
Spec. and Test for Fineness of Wool Tops (D 472 - 40 T) 
ae = jade of Terms bees to Textile Materials (D 123 - 40 T), as re- 
visec 


VI. Apoption AS STANDARD OF TENTATIVE REVISIONS OF STANDARD 
Spec. for Textile Testing Machines (D 76 - 40)... 
Spec. and Test for Asbestos Tape for Electrical Purposes (D 315 - 37)... 
Spec. and Test for Asbestos Roving for Electrical Purposes (D 375 - 37). . 
VIL. WitHpRAWAL OF STANDARDS 


Spec. and Test for Asbestos Yarns (D 299 — 37) 
Spec. and Test for Cuban (Jute) Raw Sugar Begs a 275 — 33) 


Tentative General Methods of Testing ACTIVITIES OF SUBCOMMITTEES 
Cotton Fibers (D 414-37 T). The rec- 
ommendation was accepted! by Com- 
mittee E-10 on August 28, 1940, and 


The recommendations being submitted 
indicate that the various subcommittets 
and sections have been quite active 

during the year. Many important 

1 [In submitting this recominendation to Committee E-1 d are 
on ( 13 re of letter projects are under consideration an 

ballot vote as follows: Of a total membership of 214, 131 - 

members returned their ballots, of whom 72 waned affirma- mentioned briefly i in the following sum 


tively, 0 negatively, and 59 me mbers marked their ballots . a 
“not voting.” ai mary of subcommittee activities. 
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Subcommittee A-1 on Cotton and Its 
Products (K. B. Cook, chairman): 
Section I on Cotton (R. W. Webb, 

chairman) was responsible for the com- 

slete revision of the Tentative General 

Methods of ‘Testing Cotton Fibers 

(D 414 — 37 T), mentioned earlier in this 

report. 

Section II on Cotton Yarns and Threads 
4. C. Clifford, chairman) is recommend- 
ing for immediate adoption a revision 
of the Standard General Methods of 
Testing and Tolerances for Cotton Yarns 
(D 180-40), as given in Appendix I, 
which will substitute for “standard 
regain” a formally adopted “commercial 
regain” for use in checking shipping 
weights. Consequently, it also recom- 
mends the withdrawal of the revision of 
Section 2 (c) of Methods D 180. covering 
standard regain which was published as 
tentative in 1938 and modified in 1940.? 

The section is recommending a revision 
for publication as tentative, of the meth- 
ods of determining twist in Sections 
11 (a) and (b) of Methods D 180, as 
given in Appendix I. 

A tentative revision* of Methods D 180 
ering a test for appearance has been 
published for three years. The plates 

ve been modified this year and, there- 
re, the section recommends that the 
revision be continued as tentative. 

The section is recommending the in- 
corporation of the tentative revisions 
of Section 2 (c) relating to standard 
regain and Paragraphs A4 (c) and AS 
in the Appendix to Methods D 180 as 
in editorial matter as given in Appendix 
{to this report, since this Appendix to 
tié methods is published as informa- 

only. 

Studies are being conducted on de- 
velopment of requirements for number 
of tests, amount of tension to be applied 


2 
to Book of A.S.T.M. Standards, Part 


in twist determinations, and clamps for 
strength tests of heavy plied yarns. 

Section III on Light and Medium 
Weight Cotton Woven Fabrics (R. T. 
Fisher, chairman) has been assigned 
jurisdiction over specifications and toler- 
ances for fabrics made of spun rayon 
and mixtures of spun rayon and other 
fibers. Studies are being made of speci- 
fications for fine fancy goods, cotton 
and synthetic yarn mixtures, and fine 
staple gray goods. 

The section is also working on a pro- 
posed revision of the Standard Specifica- 
tions and Methods of Test for Cotton 
Goods for Rubber and Pyroxylin Coat- 
ing (D 334-40) to include additional © 
fabrics which, from the trend of the 
trade, seem desirable. 

Section IV on Tire Fabrics (Martin 
Castricum, chairman) recommends that — 
the revision of the Standard Methods — 
of Testing and Tolerances for Tire Cord, — 
Woven and on Cones (D 179 — 38), pub- 
lished as tentative in 1939 which provides 
for number of tests, be further revised, — 
as given in Appendix I, to adjust the 
precision so that it is more in line with 
the character of tire cord tests. 

The section is continuing its study of 
the comparative advantages of the con- 
ditioned and oven-dry methods of test- 
ing, and is considering the establishment 
of minimum color and foreign matter 
appearance standards for tire fabrics 
other than cord. 

Section V on Heavy Cotton Woven 
Fabrics (B. L. Whittier, chairman) is — 
continuing its study on moisture regain 
in different types of heavy cotton fabrics, 
and the elimination of jaw breaks in 
testing heavy fabrics for strength. 

Section VI on Narrow Fabrics (F. S. — 
Mapes, chairman) is recommending for — 
immediate adoption a revision, as given — 
in Appendix I, of the Standard Methods 
of Testing and Tolerances for Tubular 
Sleeving and Braids (D 354 — 36), cover- _ 
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ing the measurement of inside diameter 
and yards per pound. 

The section is recommending that the 
Tentative Methods of Testing and Toler- 


ances for Woven Tapes (D 259 — 39 T) 


4 


be continued as tentative pending the 

results of a study of means of measuring 

thickness. 

The section is considering the inclu- 
sion of tapes other than 0.007-in. in the 
Standard Specifications for 0.007-in. 
Cotton Tape for Electrical Purposes 
(D 335 — 36). 

Subcommittee A-2 on Rayon and Its 
Products (A. M. Tenney, chairman): 
Section I on Rayon (A. M. Tenney, 

chairman) recommends for publication 

as tentative a revision of the Standard 

Methods of Testing and Tolerances for 

Continuous Filament Rayon Yarns 

(D 258 — 40),’ in the form of a new pro- 

posed Tentative Method of Test for 

Commercial Weight of Continuous Fila- 

ment Rayon Yarns as appended hereto.‘ 

The section is conducting interlabora- 
tory tests on filament rayon yarns to 
establish statistically requirements for 
number of tests in Methods D 258. 

Section II on Rayon Fabrics (Alexis 
Sommaripa, chairman) recommends that 
the Tentative Method of Test for Re- 
sistance to Yarn Slippage in Silk, 
Rayon, and Silk-Rayon Woven Fabrics 
(D 434 36T) be continued as tenta- 
tive, pending the results of its study of 
means to control shrinkage which has an 
important bearing on the results of the 
test for slippage. 

The section is studying methods of 
testing the relative merits of rayon 
fabrics in actual consumer use. 

Section III on Rayon Staple and Spun 
Rayon Yarn (K. B. Cook, chairman) 
recommends for publication as tentative 
a revision of the Standard General 


#1940 Supplement to Book of A.S.T.M. Standards, Part 
III, p. 164. 
4 This method was accepted as tentative by the Societ 
and appears in the 1941 Supplement to Book of A.S.T.M. 
Standards, Part III, p. 562. 


Methods of Testing and Tolerances for 
Spun Rayon Yarns and _ Threads 
(D 507 — 39),° in the form of a new pro- 
posed Tentative Method of Test for 

Commercial Weight of Spun Rayon 

Yarns and Threads as appended hereto! 

The section is also recommending a 

revision in the Tentative Methods of 

Testing Rayon Staple (D 540 — 39 T) as 

given in Appendix I. 

Subcommittee A-3 on Wool and Its Prod- 
ucts (A. G. Ashcroft, chairman): 
Section I on Wool (Werner von Bergen, 

chairman) recommends the adoption as 

standard of the Tentative Specifications 
and Methods of Test for Fineness of 

Wool Tops (D 472-40T).? An addi- 

tion to this standard covering require- 

ments for wool top grades below 50’s is 
being recommended for publication as 
tentative as given in Appendix I. This 
section is also recommending a revision 
of the Tentative Method of Test for 

Shrinkage of Grease Wool (Laboratory 

Scale Operations) (D 584 — 40 T) based 

on experience in its use by the U. 5. 

Treasury Department and U. S. Depart- 

ment of Agriculture during the past 

year. Methods D 584 in their com- 
pletely revised form are appended 
hereto.® 

The section is studying mohair grades 
with a view to establishing specifications, 

a sampling tool for raw wool, determina- 

tion of vegetable matter in wool, and 

moisture content in scoured wool. 
Section II on Felt (G. H. Harnden, 
chairman) is studying the new S.AE. 

Standards on Felt as a basis for A.S.T.M. 

standards on industrial felts. Methods 

for the determination of hardness, 
shrinkage, and swelling by water of felts 
are also being studied. 


5 1939 Book of A.S.T.M. Standards, Part III, p. 437. ™ 
6 This method was accepted as tentative by the sone) 
and appears in the 1941 Supplement to Book of A.S.T™. 
Standards, Part III, p. 576. Part 
7 1940 Supplement to Book of A.S.T.M. Standards, 


ie 479. ive by the 
6 This revised method was accepted as tentative 
Society and appears in the 1941 Supplement to 


A.S.T.M. Standards, Part IIL, p. 53). 
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Section IV on Pile Floor Coverings 
J. N. Dow, chairman) is recommending 
for publication as tentative a revision of 
the Standard Methods of Testing Pile 
Floor Covering (D 418-40) to add a 
form for reporting pile floor covering 
analyses as given in Appendix I. 

The section is developing a machine 
for wear testing of pile fabric and has 
available a machine for testing “shed- 
ding.” The data from the tests to 
standardize machine wear tests and 
srvice tests are being analyzed. ‘ The 
sction is also working on standards for 
normal service for use in mothproofing 
tests and method of test for effectiveness 
of fireproofing treatments. 

Section V on Woolen and Worsted 
Fabrics (F. A. Prisley, chairman) is 
recommending that the Tentative Meth- 
ods of Testing and Tolerances for 
Certain Wool and Part Wool Fabrics 
(D 462 — 37 T) be continued as tentative 
pending the results of a study being 
made to bring the standard into con- 
formity with the Wool Products Label- 
ling Act of 1939. 

Subcommittee A-4 on Asbestos and Its Tex- 
ile Products (F. S. Mapes, chairman): 
This subcommittee submits for publi- 

cation as tentative new proposed Tenta- 
tive Methods of Testing Asbestos Tu- 
bular Sleeving as appended _hereto.® 

The subcommittee recommends the 
adoption as standard of the tentative 
revisions!” of the Standard Specifications 
and Methods of Test for Asbestos Roving 
lor Electrical Purposes (D 375 - 37)" 
and of the tentative revisions! of the 
Standard Specifications and Methods of 
Test for Asbestos Tape for Electrical 
Purposes (D 315 ~ 37)." It is also rec- 
ommending that the Standard Specifica- 
tions and Methods of Test for Asbestos 


methods were accepted as tentative by the 


and appear in the 1941 S to Back of 
ASTM. Standards, Part III, p.5s2 


iO Supplement to Book of A.S.T.M. Standards, Part 
Lp. sii, 
1999 Book of A.S.T.M. Standards, Part III, pp. 385, 391. 


Yarns (D 299-37)" be withdrawn as 

they have been completely revised and 

published in the form of Tentative 

Specifications and Methods of Test for — 

Asbestos Yarns (D 299-40T). An edi- 

torial change is being made in Tentative 

Methods D 299 as given in Appendix I. 
The subcommittee is studying meth- 

ods for determining magnetic rating of 
asbestos fiber and textiles, resistivity and 
chemical methods for evaluation of as- — 
bestos textile products, and for total 
iron content. Specifications for fifteen 
weights and constructions of asbestos 
cloth acceptable to the industry as 
general standards are being developed. 
A research project on the relationship of 
the breaking strength characteristics of 
various grades of asbestos cloth to tem- 
perature and time of heating is to be 
undertaken if sufficient financial support 
is obtained. 

Subcommittee A-5 on Bast and Leaf Fibers — 
and Their Products (A. R. Howe, 
chairman): 
This subcommittee is recommending 

for adoption as standard the Tentative 

Methods of Testing and Tolerances for 

Single Jute Yarn (D 541 — 39 T), revised 

as given in Appendix I. These methods © 

have received the unqualified approval 
of all manufacturers represented in the 

Soft ‘Fibre Manufacturers’ Institute in 

addition to unanimous approval in the 

committee. 

An extensive survey of the consumers 
of sugar bags shows that the majority 
consider the Standard Specifications and 
Methods of Test for Cuban (Jute) Raw 
Sugar Bags (D 275 — 33)" of no value or 
use to them. The subcommittee is, — 
therefore, recommending the withdrawal 
of this standard. 

The subcommittee is developing meth- 
ods of test and tolerances for electrical 


yarn and roving made of jute. 


12 1939 Book of A.S.T.M. Standards, Part III, p. 388. 
18 [bid., p. 435. 
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Subcommittee A-6 on Household and 
Garment Fabrics (Ruth O’Brien, 
chairman): 

This subcommittee is recommending 
for publication as tentative Specifications 
for Medium-Weight Cotton Corduroy 
Fabrics as appended hereto.“ A revi- 
sion of the tentative Specifications for 
Single-Ply Bleached Cotton Broadcloth 
(D 504-—38T)" is also recommended, 
and are appended hereto” in their com- 
pletely revised form. 

The subcommittee projects include 
methods of test to determine degree of 
mercerization; serviceability tests for 
bed sheeting and other household fabrics; 
specifications and test methods for outing 
flannel, dish toweling, blanketing, work 
garment, and upholstery fabrics. In 
collaboration with Section II on Rayon 
Fabrics, of Subcommittee A-2, a special 
committee is working on specifications 
for rayon dress fabrics. 

Subcommittee A-8 on Glass Fiber and Its 
Products (Dean Harvey, chairman): 
This subcommittee recommends revi- 

sions of the Tentative Methods of Test- 

ing and Tolerances for Woven Glass 

Fabrics (D 579 —- 40 T), and for Woven 

Glass Tapes (D 580-40 T), changing 

the ranges of nominal thickness for cer- 

tain permissible variations in average 

thickness as given in Appendix I. 

The subcommittee is studying meth- 
ods of test for essential properties of 
sliver for wire insulation and for use as 
filler, determination of yarn number, 
essential properties of sizing (lubricant 
and binder) for glass yarns, and abrasion 
of glass yarns and fabrics. 
Subcommittee B-1 on Methods and 

Machines (W. D. Appel, chairman): 

Section I on Methods (W. D. Appel, 
chairman) recommends an_ extensive 


4 These specifications were accepted as tentative by 
the Society and appear in the 1941 Supplement to Book of 
A.S.T.M. Standards, Part III, p. 555. 

% 1939 Book of A.S.T.M. Standards, Part III, p. 979. 

16 These revised specifications were accepted as tenta- 
tive by the Society and appear in the 1941 Supplement 
to Book of A.S.T.M. Standards, Part III, p. 553. 
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revision of the Tentative Methods for 
Identification of Fibers in Textiles and 
Quantitative Analysis of Textiles 
(D 276 —- 37 T)," consisting of a com- 
plete rewriting of the methods for quan- 
titative analysis. It is further recom- 
mended that the revised methods be 
deleted from ‘Tentative Methods 
D 276 — 37 T and issued as new Tenta- 
tive Methods of Quantitative Analysis 
of Textiles, as appended hereto.'* 

Since the section is working on a revi- 
sion of the identification methods in 
Tentative Methods D 276~- 37T, it 
therefore recommends this portion be 
continued as tentative. 

The section is studying methods for 
resilience of fibers, resistance of textiles 
to soiling and to gas fading, and for 
accelerated aging of textiles. A joint 
committee with the American Associa- 
tion of Textile Chemists and Colorists is 
gathering data on fundamental proper- 
ties of fibers. 

Section II on Machines (H. J. Ball, 
chairman) recommends the adoption as 
standard of the tentative revision’ in 
the Standard Specifications for Textile 
Testing Machines (D 76 — 40)*° on cali- 
bration of thickness gages. ‘This section 
is also recommending a tentative revision 
of Specifications D 76 to provide speci- 
fications for twist testers, as set forth 
in Appendix I. 

The section is undertaking the de- 
velopment of specifications for yarn reels 
and drying ovens, and a study of the 
sensitivity of vertical Type A testing 
machines. 

Section III on Atmospheric Conditions 
(R. H. Brown, chairman) is studying 
existing techniques for drying out tests 
to determine moisture regain, for con- 
ditioning samples to the standard 


17 1939 Book of A.S.T.M. Standards, Part III, p. = 

18 These methods were accepted as tentative 9, af 
A.S.T.M. Standards, Part III, p. 537. 

19 1940 Supplement to Book of AS.TM. Standards, Part 
III, p. 570. 

°° [bid., p. 140. 
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atmosphere, and for calculating com- 

mercial regain of mixed materials, with 

, view to preparing recommended 

procedures. 

Subcommittee B-2 on Nomenclature and 
Definitions (A. G. Scroggie, chairman): 
This subcommittee is recommending 

theadoption as standard of the Tentative 

Definitions of Terms Relating to Textile 

Materials (D 123-40 T) with the note 

which accompanies the definition of 

standard moisture regain and the defini- 
tion of sliver revised as given in Appendix 

I. This subcommittee also recommends 

a tentative revision of the definition of 

commercial weight and that the defini- 

tions of the terms “commercial weight 
rayon)” and “resilience”? be accepted 
for publication as tentative as given in 

Appendix I. It is also recommended 
that a number of terms relating to the 
“hand” of fabrics be added to the glos- 
sary of definitions. These will appear in 
the 1941 edition of the compilation of 
“AS.T.M. Standards on Textile 
Materials.” 

The subcommittee has prepared a new 
Recommended Practice for the Designa- 
tion of Yarn Construction which will be 
published as information in the 1941 
edition of “A.S.T.M. Standards on 
Textile Materials.” 

The subcommittee has a number of 
ther definitions and revisions under 
consideration. 

Subcommittee B-4 on Bleaching, Dyeing 
and Finishing (W. M. Scott, chair- 
man): 

This subcommittee is recommending 
for publication as tentative two new 
entative standards: namely, Tentative 

Specifications for Fire-Retardant Prop- 
erties of Treated Textile Fabrics®! and 
Tentative Methods of Test for Evalu- 
ating Compounds Designed to Increase 
the Resistance of Fabrics and Yarns to 

These specifications were accepted as tentative by 


Ag anda 
ppear in the ry = lement to Book of 
TM. Standards, Part II, p. 5 a” 


MATERIALS 

Insect Pests” as appended — The 
committee has also prepared proposed 
Methods for Identification of Finishes on 
Textiles (Qualitative) which are pub- 


lished as information as given in Ap- | 


pendix IT. 

The subcommittee also recommends 
certain revisions in the Tentative 
Method of Test for Resistance of 
Textile Fabrics and Yarns to Moths 
(D 582 — 40 T).* 
is appended hereto.”! 

The subcommittee is recommending 
that the Tentative Method of Test 
for Volumetric Determination of 
Small Amounts of Copper in Textiles 
(D 463 — 37 T) be continued as tentative 
without revision. 


The revised method © 


The subcommittee is recommending — 


for immediate adoption revisions of the 


Standard Method of Test for Fastness — 


of Dyed or Printed Cotton Textiles to 

Laundering or Domestic Washing 

(D 435 — 37) and the Standard Method 

of Test for Fastness of Colored Textile 

Fabrics to Light (D 506 - 39). 

methods in their completely revised form 

are appended hereto.” 

Acting on a recommendation of this 
subcommittee, the chairman of Com- 
mittee D-13 has appointed a committee, 
as mentioned earlier in this report, to 
cooperate in the formulation of a research 
program on textile finishes as a cause of 
dermatitis. 

Subcommittee B-5 on Sampling, Presenta- 
tion, and Interpretation of Data (A. G 
Ashcroft, chairman): 
This subcommittee is actively con- 

tinuing its cooperation with other sub- 


2% These methods were accepted as tentative by the 
Society and appear in the 1941 ccc to Book of 
A.S.T.M. Standards, Part III, p. 

23 1940 ‘Supplement to Book of A §. T.M. Standards, Part 


Ill, 
2 Pies revised method was accepted as tentative b 
the Society and appears in the oe asepennaat to Book 
of A.S.T.M. Standards, Part III, p. 5 
2% These revised methods were iad as standard - 
the Society and appear in the 1941 Supplement to Book of 
ST 
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of data with a view to establishing the 
number of tests required to give a 
desired precision. Some minor editorial 
changes are being made in the Proposed 
Recommended Practice for Calculating 
Number of Tests to be Specified in 
Determining Average Quality of a Tex- 
tile Material which will again be pub- 
lished as information in the 1941 edition 
of the compilation of “A.S.T.M. Stand- 


on Textile Materials.” 


Subcommittee B-6 on Papers (R. H. 

Brown, chairman): 

This subcommittee arranged for the 
presentation of the following papers at 
the October, 1941, meeting (No papers 
session was held at the March, 1941, 
meeting): 


“Comparison of the Breaking Strength of 
Fabrics as Determined by the Pendulum and 
Inclined Plane Testing Machines,” by Gladys 
White and Emma C. Peterson, 

“A Correlation Between Laboratory Abra- 
sion Tests and the Service Life of Men’s and 
Women’s Outerwear,” by Arthur Russman, 

“The New Synthetic Textile Fibers,” by H. R. 
Mauersberger, and 

“Relative Merit of Three Rayon Taffetas in 
Consumer Service,” by Alexis Sommaripa. 


Abstracts of the above papers will ap- 
pear in the 1941 edition of the compila- 
tion of “A.S.T.M. Standards on Textile 
Materials.” 


Special Committee for Testing of Textile 
Finishes (L. B. Arnold, Jr., chairman): 
The work of this special committee 

received sufficient financial backing from 

industry to warrant its continuance for a 

second year. Edwin C. Dreby was 

continued as the research associate and 

S. W. Adams was engaged for a part of 

the year as his assistant. 

The current phase of the program has 
been the development of instruments for 


_ REPORT OF COMMITTEE D-13 = 


the evaluation of the “hand” of fabrics, 
and satisfactory progress is reported, 
Three instruments, called the Planoflex, 
the Friction-Meter, and the Contour- 
Meter, have been designed, tested, and 
improved. Fabrics with various types 
of finish have been tested with them, and 
the results studied with respect to re- 
producibility, sensitivity, and as to 
agreement with expert’s tactual evalua- 
tion and rating of the fabrics. The 
first two instruments detected not only 
differences which were appreciated by 
experts, but in many cases differences 
which were not observed by them. The 
differences corresponded to the known 
treatments which had been given the 
fabrics. The Contour-Meter has not 
proved to be equally sensitive. 

The subscribers have appointed a com- 
mittee to set up a program for a third 
year’s work, and to determine whether 
financial backing can be secured for it. 
Another committee has as its function, 
first, to present to Committee D-13 for 
adoption instruments and methods which 
have been developed, second, to promote 
their general use and to answer inquiries 
which may arise regarding them, and 
third, to renew the research program at 
such time as may be propitious. 


This report has been submitted to 
letter ballot of the committee which 
consists of 239 members; 97 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
H. J. BALL, 
Chairman. 


W. H. Wuitcoms, 
Secretary. 
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PROPOSED REVISIONS IN STANDARDS FOR TEXTILE MATERIALS 


In this Appendix are given proposed 
revisions in certain standards and tenta- 
tive standards covering textile materials 
which are referred to earlier in this re- 
port. In connection with each title is 
given the reference to the publication in 
which the standard appears in its present 
form. 


REVISIONS OF TENTATIVE STANDARDS 


Tentative Methods of Testing and Tol- 
erances for Woven Glass Fabrics 
(D 40 T):! 


Section 3.—In the tables in Paragraphs 
1) and (b) change the first two values 
for nominal thickness from ‘0.003 in. 
and under” to read “0.005 in. and under” 
and “Over 0.003 to 0.010 in.” to read 
“Over 0.005 to 0.010 in.” 


Tentative Methods of Testing and 
Tolerances for Woven Glass Tapes 
(D 580~ 40 T) 22 
Section 3.—Make the same change as 


recommended above in Section 3 of 
Methods D 579, 


Tentative Methods of Testing Rayon 
Staple (D 540 39 T):3 


Section 14.—Change the last sentence 
from its present form to read as follows, 
including the addition of the note: 


A group of 200 to 700 of the cut fibers shall 
¢ weighed to the nearest 0.01 mg. and then the 
total number of fibers in the group determined 
by counting. If the group contains less than 
200 fibers it shall be discarded and a larger group 
taken, weighed, and counted. 


111,40 Supplement to Book of A.S.T.M. Standards, Part 
Ibid., p. 476 


“Bee of A.S.T.M. Standards, Part III, p. 1020. 
449 


Note.—Counting of the fine fibers is facili- 
tated by transfer across a plush or other short 
pile surface. 

Tentative Methods for Identification of 
Fibers in Textiles and Quantitative 
Analysis of Textiles (D 276-37T):* 
Omit Sections 1 to 9 of these methods | 

comprising the methods for the quanti- 

tative analysis of textiles. These sec- 
tions are being replaced by the new 

Tentative Methods of Quantitative 

Analysis of Textiles (D 629 — 41 T), 

appended hereto.® 


REVISIONS OF STANDARDS, IMMEDIATE 
ADOPTION 


Standard General Methods of Testing 
and Tolerances for Cotton Yarns 
(D 180-— 40) 
Section 2 (b) and (c).—Change from 

their present form to read as follows: 

(b) Moisture Equilibrium.—It shall be con- 
sidered that moisture equilibrium is reached 
when, after free exposure to air in motion, two 
successive weighings not less than 15 min. apart 
show not more than a 1.0 per cent change in 
weight. 

(c) Commercial Regain.—The commercial re- 
gain for cotton yarn shall be 7 per cent of the 
oven-dry weight. 

Standard Methods of Testing and Tol- 
erances for Tubular Sleeving and 
Braids (D 354- 36):’ 
Section 11.—Renumber as Section 13 

and change from its present form to read 


as follows: 


41939 Book of A.S.T.M. Standards, Part IIT, p. 951. 
5 These methods were accepted as tentative by the 
Society and appear in the 1941 Supplement to Book of 


.5.T.M., Standards, Part 


6 to Book o 
Pp. nd 
71939 Book of A.S.T.M. Standards, Part III, p. 428. ® 
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specimen and may be hand or power driven. It 
shall be provided with a counting device indj- 


13. Weight, Yards per Pound.—(a) Deter- 
-_ minations of weight shall be made on the samples 


(b) With the sleeving fitting properly on the 
specified size of mandrel, 2 ft. in the center sec- 
~ tion of the sample shall be marked off and cut 
- with a sharp instrument. This portion shall 
then be weighed to the nearest 0.1 g. and the 
yards per pound calculated. 


Section 13.—Renumber as Section 11 
and change from its present form to read 
as follows: 


11. Inside Diameter.—(a) The inside diame- 
ter of sleeving or braid shall be determined by 
the use of a mandrel 1 yd. in length and of the 
specified diameter, having a hemispherical end. 
A sample of sleeving approximately 1} yd. in 
length shall be slipped over the mandrel and, if 
of the proper size, shall fit smoothly and snugly 
after application, and show no undue disturb- 
ance of the construction due to forcing the 
sample onto the mandrel. 

(b) Not less than three determinations shall 
be made per shipment. Samples shall be taken 
from different bundles and the average of all 
determinations shall be considered the average 
inside diameter of the sleeving. 


TENTATIVE REVISIONS OF STANDARDS 


Standard Specifications for Textile Test- 
ing Machines (D 76 - 40) :* 


New Sections.—Add new Sections 11 
and 12 comprising a description of twist 
testers to read as follows: 


Twist TESTERS 


11. For Continuous-Filament Single Yarns, 
and All Plied Yarns.—(a) The twist tester used 
_ for determining turns per inch of twist in single 
and plied yarns of continuous filaments and in 
plied yarns of staple fibers shall conform to the 
requirements prescribed in Paragraphs (0) to (e). 
(b) The twist tester shall consist essentially 
of two clamps, one rotatable and the other non- 
rotatable, suitably mounted opposite and con- 
trary to each other in such a manner that the 
distance between them is adjustable. 
(c) The rotatable clamp shall be capable of 
being revolved in either direction on its axis 
common to the longitudinal axis of the test 


to Book of A.S.T.M. Standards, Part 
»P 


cating the number of revolutions to a minimum 
accuracy of one turn. The counting device 
shall be constructed in such a manner that it 
may be reset readily at the zero mark after 
each test. 

(d) The nonrotatable clamp shall be mounted 
on its support in such a manner that a force may 
be applied to the clamp to exert a known pull 
upon the test specimen or no pull as required. 
A suitable scale graduated in inches and decimal 
fractions shall be provided to measure the 
elongation or contraction of the specimen. 

(e) The distance between the clamps shall be 
adjustable to accommodate a test specimen 
from to at least 10 in. in, length and the dis- 
tance shall be indicated on a scale graduated in 
divisions of 3 in. or less. 

12. For Single Yarns of Staple Fiber.—(a) 
The twist tester used for determining turns per 
inch of twist in single yarns of staple fibers shall 
conform to the requirements prescribed in Para- 
graph (5). 

(b) The twist tester shall consist of the same 
elements as prescribed in Section 11 with an 
additional device for applying tension to the 
test specimen to employ the untwist-twist 
method for determining the turns perinch, The 
device shall be designed so that the tension may 
be applied to the specimen only at the start and 
finish of the test and removed completely during 
the intervening untwisting and twisting op- 
erations. 

Nore.— There are two general types of 
tension devices in which (/) the tension is 
applied manually and controlled by the displace- 
ment of a pendulum from its vertical position, 
and (2) the tension is applied manually by the 
means of a known dead-weight load. 


Standard Specifications and Methods of 
Test for Fineness of Wool Tops 
(D 472 - 41):9 


Section 3.—Change to read as follows 
and add a new Table II (the accompany- 
ing Table I), renumbering the subse 
quent table accordingly: 


3. Fineness.—The average fiber width an? 
the distribution of single fiber width around th 
average and other criteria of the fineness ' 
wool top, as determined by test, shall conform 
to the requirements specified in Tables I and IL 


| Supplement to Book of A.S.T.M. Standards, Part 


| 
Gras 
11 
Fi 
Limi 
N 
Te 
Gi 
f 
%, He 
Stat 
(] 
| 
as a 
rem 
core 
6. 
shall 
speci 
Si 
fron 
( 
i. twist 
untw 
twist 
the ¢ 
tance 
sioni 
The 
i of tey 
(I 
Cony 
set at 
Cured 
| 


TABLE I.—REQUIREMENTS FOR WOOL TOPS. 


It 

i- er 48’s | 46’s | 44’s | 40’s | 36’s 
m 

ce Standard values: 

Fineness aver- 

it age“, microns, 

ef | 32.5] 34.0] 35.5 | 37.5 | 40.0 
Standard devi- a 

ation’, o’... 7.80} 8.20) 8.60) 9.00) 9.60 
ed Limits for test: 

a Number of fib- 

ull Top limit® for 

ed ®, per cent. 2.3) 2.3) 2.3 

‘ Grade as indi- 
nal cated if v is 
the less than 25.3 
per cent and 
fineness, X is 
be within limits 
indicated: 
nen Upper limit. | 33.12] 24.65) 36.17) 38.21] 40.76 
dis- Lowerlimit. | 31.88] 33.35] 34.83| 36.79} 39.24 
Heterotypical 
1 in fibers, max., 
percent..... 1.0 1.0 1.0 1.0 1.0 

-(a) *Where: 

per X = average of 1600 measurements of fiber width or 

| diameter, 

hall o = standard deviation of 1600 measurements; cal- 

ara- culated as in Section 11 and Table III (the 

present Table II) or as in A.S.T.M. Manual 

on Presentation of Data. ' 
ame » = coefficient of variation or the standard devia- 

tion of 1600 measurements expressed as a per- 

‘a centage of the average diameter of the fibers. 

e 

7 Standard General Methods of Testing 

ht and Tolerances for Cotton Yarns 

D 180-40) :° 

= New Section.—Add under tolerances 

| as anew Section 6 the following require- 

s of ment for “appearance” of cotton yarns, 

on is renumbering the present sections ac- 

lace: cordingly: 

ition, 

y the 6. Appearance.—The appearance of the yarn 
shall be at least equal to that of the grade 
specified. 

ds of Section 11.—Change Paragraph (b) 

Tops fom its present form to read as follows: 

(b) Turns in Single Yarn.—The turns of 

lows twist of single yarn shall be determined by the 

ny- twist-twist method on any approved t of 
pan) on any app ype 

ubse- ist tester. The minimum distance between 

te clamps shall be 5 in. although a 10-in. dis- 

nce is preferable. The starting and end ten- 

th and “ioning load on the test specimen shall be 3 g. 

d the The procedure using the two common methods 
yo z tensioning the specimen shall be as follows: 
orn (1) Manually A pplied, Tension Pendulum 

e iL mrol.—The counter of the tester shall be 

an tat the zero mark. The specimen shall be se- 

rds, Part ired in the fixed clamp and placed in the open 


‘otatable clamp. The specimen shall be placed 
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in tension by pulling on it until the pointer 
attached to the fixed clamp has reached a pre- 
determined position indicating the specified ten- 
sion on a quadrant in which position the ro- | 
tatable clamp shall be tightened securely. The 
rotatable clamp shall be revolved in the direction — 
which untwists the specimen continuing the 
rotation in the same direction beyond the neutral 
point thereby imparting a twist to the specimen 
which is opposite to the original direction.. 
During the first part of the operation the posi- 
tion of the indicator will change as the slack 
point is approached, but as the clamp is revolved 
beyond the neutral point, the indicator will re- 
turn to its initial position where the specimen 
will be again under the original tension. When 
this point is reached it is assumed that the same 
amount of twist has been reinserted as was 
initially in the specimen. The reading on the 
counter shall be divided by two and by the dis- 
tance in inches between the clamps to give the 
turns per inch. 

(2) Manually Applied Tension, Dead-Weight 
Control.—The counter of the tester shall be set 
at the’zero mark. The specimen shall be secured 
in the rotatable clamp and placed in the open 
fixed clamp while a tensioning load of 3 g. is 
applied at the center of the specimen in such a 
manner that a deflection of } in. is obtained at 
the point of application. The fixed clamp shall 
be tightened securely and the tensioning load 
removed. The rotatable clamp shall be re- 
volved in the direction which untwists the speci- 
men continuing the rotation in the same direc- 
tion beyond the neutral point thereby imparting 
a twist to the specimen opposite to the original 
direction. When sufficient turns have been in- 
serted to prevent slippage of the fibers the ten- 
sioning load shall be reapplied and twisting con- 
tinued until the deflection of } in. is obtained . 
again. When this point is reached it is assumed 
that the same amount of twist has been rein- 
serted as was initially in the specimen. The 
reading on the counter shall be divided by two 
and by the distance in inches between the clamps 
to give the turns per inch. — 

Nore.—It should be recognized that the load 
of 3 g. for tension is tentative and may be 
changed. Its tentative use is justified by the 
preliminary results of an investigation of a — 
variety of yarns which prove it to be nearer the 
correct value than that obtained by dividing 156 
by the yarn number. : 


Change the last sentence of Paragraph 
(c) to read as follows by the addition of 
the italicized words and figures and the 
omission of those in brackets: 


{ 
| | 
|_| 
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The strands shall be gripped in the clamps 
under a definite tension by applying a load [in 
grams equal to 156 divided by the yarn number] 

of 3 g. 


Omit the note following Paragraph (c). 


New Section.—Add under methods of 
testing as a new Section 13 the following 
test for appearance of cotton yarns: 


13. Appearance: (a) Grades.—Photographic 
standards have been established in Grades A, 
B, C, and D, where A is the highest grade and 
the others are progressively lower. These 
grades apply to several groups of yarn numbers 
for each of which there is a separate set of stand- 
ards. The grouping of yarn numbers is as 
follows: 


3.0 to 

7.0 to 

16.5 to 

32.0 to 
65.0 to 125. 0 


(b) Test.—A sample of the yarn under test 
shall be wound upon a black board of desig- 
nated size with a designated traverse and com- 
pared with a photographic standard (Note). 

(c) Number of Tests.—Five tests shall be made 
on each case, bale, chain ball, or beam warp. 
If 80 per cent of the results meet the specified 
grade and the remaining 20 per cent do not fall 
below the next lower grade, the yarn shall be 
considered to be of the grade specified. 

Note.—A complete set of photographic 
standards for each group of yarns, together with 
detailed information regarding the size of board 
and traverse, may be obtained from the American 
Society for Testing Materials, 260 S. Broad St., 
Philadelphia, Pa. 


The committee recommends that the 
tentative revision’ of Section 2 (c) be 
withdrawn in view of the revision pro- 
posed for immediate adoption this year," 
and this definition of standard regain be 
added as an editorial modification as 
new Paragraph A3 to the Appendix of 
Methods D 180. 

It is also proposed to include as edi- 
torial changes“ in the Appendix of 
Methods D 180, the revisions'? published 

10 1940 Supplement to Book of A.S.T.M. Se Part 


III, 571. 
U See p. 449. 
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as tentative for Paragraphs A4 (c) and 
AS. The present new sections on Ap- 
pearance published as tentative" for 
addition as Sections 6 and 13 are to be 
continued as tentative. 


Standard Methods of Testing and Tol- 
erances for Tire Cord, Woven and on 
Cones (D 179 38): 


New Sections.—Add new Sections 11 
and 12 to read as follows, renumbering 
the subsequent sections accordingly 
These two new sections replace the pres- 
ent tentative revision™ of Section 11, 
proposed in 1940 and the revision of 
Section 12, proposed in 1939. 


11. Sampling.—The sampling of the ship- 
ment shall be as representative as possible 
within practical limitations. A minimum of 25 
yd. shall be drawn from the outside of the cone 
before taking the sample. The sample shall be 
so handled that there will be no change in twist 
from the time the sample is drawn until the test 
is started. In each determination only one ob- 
servation shall be made on an individual end, 
whether in the form of woven cord fabric or cord 
on cones. 


12. Number of Tests——The number of tests 
required for the determination of each physical 
property of tire cord shall be in accordance with 
Table I (the accompanying Table II) which 
also gives the information on which the require- 
ments are based. 


TABLE II.—NUMBER OF TESTS. 


Breaking Yards Thick- 
Strength _ per ness 
Pound 


Number of tests,”.. 40 10 10 22 
Coefficient of varia- 

tion, V, percent. 7 2 
Precision, per cent. 2.2. 1.5 1.5 2.3 
Probability........ 0.95 0.95 0.95 0.95 


Note.—Information available to the com 
mittee indicates that the values given in Table! 
for coefficient of variation, V, are approximately 
correct, but if the running level of V based on 
experience is found to be Vi, the number of tests, 
m, required will be determined from the fol- 


lowing formula: 
Vixn 


In no case shall m, be less than n. 


13 1939 Book of A.S.T.M. Standards, Part III, , 0A 
Sepplement to Book of A.S.T.M. Standards, 
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d Standard Methods of Testing Pile Floor tion of the italicized words and the 
)- Covering (D 418- 40) :® omission of the word in brackets: 
New Section—Add a new Section 23 ‘ Weight, oven-dry 
follows: or a _textl e materia except rayon p us 
toread as . the weight corresponding to its commercial 
n 23. Report.—A form for reporting the results [moisture] regain. 
: of tests on pile floor covering is shown in Fig. 1. one ‘ 
on The use of this form is recommended so as to Add new definitions for 4 commercial 
secure complete and uniform reports throughout Weight of rayon and for resilience to read 
i! the industry. as follows: 
ng FIG. 1.—FORM FOR REPORTING RESULTS.* 
ly 
LABORATORY 
i 
11, PrtE FLoor Coverinc ANALYysIs? 
i 
Pitch per Inch................ Rows per Inch................ Frames 
cone Sample Dissected (16 sq. in., in. 
ll be Thickness Measuzements..... . in. 
» test Weights at Standard Conditions: 
2 ob- Weight as 
Yarn Dissected, Clean Weight 
end, Material Number Ply oz. per sq. yd. Oz. per sq. yd. Ye 
ysical 
with 
which This form has been approved by A.S.T.M. Committee D-13 on Textile Materials. Analysis shall be performed 
. according to latest edition of Standard Methods of Testing Pile Floor Covering (A.S.T.M. Designation: D 418) of the 
quire- American Society for Testing Materials, unless otherwise noted. 
The results obtained from the analysis of a single sample may vary appreciably from the true average of the grade 
represented. Reference should be made to Section 17 of the Standard Methods D 418," for estimates of the precision of ‘ 
be above results. 
Twist 
12 


Standard Definitions of Terms Relating 
Textile Materials (D 123 40) :'6 
Change the definition of Weight, Com- 

mercial to read as follows by the addi- 

I, pjauPPlement to Book of A.S.T.M. Standards, Part 


Mt, >i0 Supplement to Book of A.S.T.M. Standards, Part 


431. 
ards, Part 


Weight, Commercial (Rayon).—The oven-dry 
weight of staple or filament rayon after scouring 
by definite prescribed methods plus the weight 
corresponding to its commercial regain. 

Resilience.—The property of a material by 
virtue of which it tends to recover its original 
size and shape after removal of the stress causing 
deformation; the rate of recovery is without 


= | | 
| 
alo 
| 


¢ 


limits and resilience thus includes elasticity (in- 
stantaneous recovery). 


| ADOPTION OF TENTATIVE STANDARDS AS 


STANDARD 


Tentative Methods of Testing and 
Tolerances for Single Jute Yarn 
(D 541 — 39 T):"” 


Section 13 (b).—Change the third sen- 
tence from its present form: namely, 


The distance between the contact points of 


the drums or capstans shall be 10 + 3 in. 


— to read as follows: 


The distance from center to center of the 
spools or drums of the testing clamps shall be 
10 + 7, in. 

Tentative Definitions of Terms Relating 
to Textile Materials (D 123 — 40 T):'® 


Change the note accompanying the 
definition of Moisture Regain, Standard: 
1. (Individual Samples) to read as fol- 
lows by the addition of the italicized 
figures and the omission of those in 
brackets: 

Nore.—The lower moisture regain may be 
that reached at equilibrium in any atmosphere 
having a relative humidity between [5] /0 and 
[50] 40 per cent. 

Change the definition of Sliver to read 
as follows by the addition of the itali- 
cized words and the omission of the word 
in brackets: 

Sliver.—A continuous strand of loosely as- 


sembled fibers that is approximately uniform in 
[diameter] cross-sectional area and without twist. 


17 1939 Book of A.S.T.M. Standards, Part III, p. 1003. 
to Book of A.S.T.M. Standards, Part 
» p. 428. 
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EDITORIAL CHANGES IN STANDARDS 


Standard General Methods of Testing 
and Tolerances for Cotton Yarns 
(D 180-40) :° 


The committee recommends that the 
following editorial changes be made in 
the Appendix to Methods D 180: 


Add as new Paragraph A3 the revi- 
sion” of Section 2 (c) published as tenta- 
tive since 1938 revised to read as follows 
renumbering the subsequent sections 
accordingly: 

A3. Standard Regain.—The standard regain 
for cotton yarn shall be 7.5 per cent of the oven- 
dry weight. 

Norte.—The 7.5 per cent figure is the average 
of a number of results obtained on special in- 
vestigating committee representative yarns 
which had been brought previously to a stand- 
ard condition. For any specific yarn, the 
standard regain may deviate from 7.5 per cent 
due to variables of origin of the fiber, staple, 
and twist construction. 


Make as editorial changes the revi- 
sions in Paragraphs A4 (c) and AS pub- 
lished as tentative! since 1938. 


Tentative Specifications and Methods 
of Test for Asbestos Yarns (D 299- 
40 T):!° 


Section 10 (b).—Change the note fol- 
lowing this section from its present form 
to read as follows: 


Nore.—The factor 0.90 in the formula com- 
pensates for an assumed contraction of 10 per 
cent incurred in twisting. 


19 1940 Supplement to Book of A.S.T.M. Standards, ! 
III, p. 430. 
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TEXTILES (QUALITATIVE)! 


Comments are solicited and should be addressed to the American 
Society for Testing Materials, 260 S. Broad St., Philadelphia, Pa. 


1. Scope.—These methods cover the qual- 
itative procedures for the identification of 
textile finishes of five types as follows: 

Urea-Formaldehyde Resin Finishes, 
Straight Formaldehyde Finishes, 

Alkyd Resin Finishes Containing 
Phthalates, 

Polymerized Ethylene Derivative Resin 
Finishes (Polyvinyl or Polyacryl Com- 
pounds), and 

Nitrocellulose Finishes. 

2. Urea-Formaldehyde Resin Finishes.— 
Place a small sample of the fabric to be 
tested (approximately 3 sq. in.) in a test 
tube and cover with about 5 ml. of diluted 
H,SO, (5 per cent) or NaOH (5 per cent). 
Heat the solution nearly to boiling and 
allow to stand until cold. Add the super- 

natant liquid drop by drop to carbazole 
lution (0.1 per cent by weight in HeSO, 

p. gr. 1.84)) (Note 1). This may best be 
performed on a porcelain spot plate. If 

rmaldehyde is present as a result of the 
hydrolysis of the resin, the carbazole solu- 

mn will be colored a deep blue and a blue 

precipitate will form on standing (Note 2). 
‘he presence of urea-formaldehyde resin in 
amounts as low as 0.1 per cent of the weight 

the fabric may be detected by this test. 


Note 1.—It is best to prepare a fresh carba- 
ri solution for each series of tests, or at least 
daily, 

, Note 2.—If the fabric is dyed with a color 
“at might obscure the test results, place 10 ml. 
of the acid or alkaline solution together with 


the sample in a small distilling apparatus and 


' These — 
roposed methods are under the jurisdiction of 
the ASTM. Committee D-13 on Textile Materials. 
ublished ag information, June, 1941. 


q 4 These are proposed methods and are published as information only. 


heat until about 5 ml. of distillate have been . 


collected. Then make the test described in 
Section 2 on the distillate. 


3. Straight Formaldehyde Finishes.—This _ 


procedure provides a means of distinguishing 


between a cellulosic fabric which has been 


rendered crease-resistant or crush-resistant 


by treatment with formaldehyde alone _ 
(treatment A) and a fabric which has been _ 


treated with a urea-formaldehyde resin 
(treatment B). 

(a) Place a small sample of the fabric to 
be tested (approximately 3 sq. in.) in a test 
tube and cover with about 5 ml. of diluted - 
H2SO, (5 per cent). Heat the solution 
nearly to boiling, allow to stand until cold, 


and add drop by drop to carbazole solution — 


(see Section 2) on a spot plate. If a blue 


color appears, either finishing treatment A — 


or B may have been used (Note). 

(b) Treat a duplicate sample of the fabric 
with about 5 ml. of NaOH (5 per cent) in- 
stead of H2SO, as described in Paragraph (a), 
and add drop by drop to the carbazole 
solution on a spot plate. The appearance 
of a blue coloration indicates that treatment 


B (urea-formaldehyde) has been used. If 
a blue coloration is not obtained in the © 


second test, but did appear in the first 
test, it is an indication that treatment A 
(formaldehyde alone) has been used. 


Norte.—If dyes which may have been after- 
treated with formaldehyde are present, they 
should be stripped off with sodium hydrosulfite 
prior to conducting the test. ; 


4. Alkyd Resin Finishes Containing Phthal- — 


ates.—Shred about 0.1 g. of the fabric to be 


tested and place in a No. 0 porcelain 
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crucible. Add to this 0.3 g. of resorcinol 
and 0.5 ml. of H2SO, (sp. gr. 1.84)., Place 
the crucible in an oil bath at 120 + 2 C. 
for 10 min. After cooling, take up the 
residue with 5 ml. of water, transfer with 
about 10 ml. to a filter, and wash with 
about 10 ml. more of water. Place the 
filtrate in a 50-ml. separatory funnel and 
shake out with 20 ml. of ether. Wash the 
ether layer with two 10-ml. portions of 
water, and add 10 ml. of NaOH (10 per 
cent) to the ether solution. The appearance 
of a yellowish green fluorescence in the 
aqueous layer indicates the presence of 
phthalates. 


Notre.—The presence of phthalate resins in 
amounts as low as 0.1 per cent of the weight of 
the fabric may be detected by this test. 


5. Polymerized Ethylene-Derivative Resin 
Finishes (Polyvinyl or Polyacryl Compounds). 
~-Immerse the sample to be tested and a 
white, untreated control sample for 30 min. 
and at about 70 C. in a dye bath containing 
0.1 per cent of Celliton Fast Yellow RRA,’ 
remove, and rinse well with water. Then 
immerse the samples in soap’ solution (0.1 per 
cent in distilled water) at 38 to 43 C. until 

2See “Alphabetical List of American-Made Dyes,” 


1940 Year Book, Am. Assn. of Textile Chemists and Color- 
ists, Vol. XVII, Part IV, p. 373. 


the control sample is practically white 
Rinse the test sample to remove the soap 
solution. If the fabric has been finished 
with a polyvinyl or polyacryl resin, it wil] 
be dyed a deep yellow which is relatively 
fast to soaping. Untreated fabrics, or 
those treated with other finishes, will not 
be stained at all, or with only a faint tint 
which is largely removed by soaping. The 
presence of the resins in amounts as low 
as 1.0 per cent of the weight of the fabric 
may be detected by this test. The test 
does not furnish positive identification for 
amounts as low as 0.1 per cent of the weight 
of the fabric. 


Nore.—If the fabric to be tested is dyed or 
printed with colors which might obscure the 
test, strip off these dyes with sodium hydro- 
sulfite prior to conducting the above test. 


6. Nitrocellulose Finishes.—Place a small 
sample of the fabric to be tested on a spot 
plate and touch with a few drops of di- 
phenylamine solution (0.3 g. of diphenyl 
amine dissolved in 20 ml. of HeSO, (sp. gr 
1.84) and 10 ml. of glacial acetic acid 
The development of a deep blue coloration 
indicates the presence of nitrocellulose. 


3 The soap used shall conform to the Standard Speci- 
fications for Chip Soap (A.S.T.M. Designation: D 496) of 
the American Society for Testing Materials, 1939 Book of 
A.S.T.M. Standards, Part III, p. 479. 
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REPORT OF COMMITTEE D-17 


ON 


NAVAL STORES 


A meeting of Committee D-17 on conferred with the Special Committee on 
Naval Stores was held during the Softening Point Test, of Committee E-1 
annual meeting of the Society in Atlantic on Methods of Testing, for the purpose 
City, N. J., on June 26, 1940, at which of developing a shouldered ring for use 


TABLE I.—-SUMMARY OF RESULTS OF COLLABORATIVE TESTS ON CRYSTALLIZATION 
TENDENCY OF ROSIN. 


Rosin Sample* 


Committee Member | I Il Ill IV Vv VI 


G. A. Hawkins, | About 25 small nuclei on | None in | None in 30 days None in | None in | None in 


Southern Pine | 25th day. No further | 30days 30days| 30days} 30days 
Chemical Co. | growth. | 
| None of samples showed any true crystal formation such as observed in previous test. 
J. McE. Sanderson | Samples I, II, and III remained clear for period of 30 days. Samples IV, V, and VI showed 
gf see ii Cyan- | man y small grains, but nocrystals at 24 hr. increasing in number only, but not in size through- 
anid Co out balance of observation period. Samples I, II and III free from crystallizing tendency. 

4 Samples IV, V and VI show what might be microscopic crystallization, but which could be 

termed almost free from visible crystallization tendency. 


50 nuclei after 8 days. | None in | About 10 nuclei after 15 | None in | None in | None in 
About one-tenth of 30days| days. About one- 30days|) 30days| 30days 
mass crystallized at | eighth of mass crystal- 
W.A.Kirklin, Hercu-| end of 30 days. Clus- | lized at end of 30 days. 

les Powder Co. | ters of long needles. | Clusters of long needles. | 

Samples IJ, IV, V, and VI developed slight cloudiness after being stored in oven at 105 C. 
for short period. icroscopic examination showed this to be small particles of dirt or 


foreign matter rather than crystals. 


| 


Few small nuclei on walls None in | Few small nuclei near | None in | None in | None in 


of test tube at 5days. | 30days, bottom of tube in 18 | 30days| 30days, 30days 
Growth continued. At days. At30daysnum- | 

C. F. Speh, U.S. | 30 days long needles ber increased but most | 
Bureau of Agric. | scattered throughout |  ofcrystals near bottom 
Chemistry and mass. } of test tube. 

Eng. Samples observed with aid of polaroid glasses to identify crystals. All samples contained 

globules of water when placed in oven. This water disappeared after about one week. 


closely estimated. 


Sample I contained more crystals than sample III. Crystalline portion of rosin cannot be 


* Identification of samples used in crystallization test: 
4 Wood rosin from Newport Co., 
II, Gum rosin as loaded in tank car ready for shipment, 
Ill, Gum rosin II on arrival at destination 5 days later, 
Gum rosin made on steam still, 
V. Gum rosin made on steam still, and 
VI. Gum rosin made on fire still. 


time the work of the various subcom- in the Tentative Method of Test for 
mittees was discussed. Softening Point (Ball and Tapered 

None of the subcommittees has under- Ring Apparatus) (E 28-39T) which 
taken during the year any new col- will be suitable for all classes of products. 
laborative tests. The ring was first modified to make the 

Subcommittee I on Softening Point of inside bottom diameter correspond to 
Rosin (C. -E. Kinney, chairman) has that of the tapered ring and to slightly 


7 
rT 
). 
yn 
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- increase the top outside diameter. The 
second modification further increased 


- 


the outside top diameter in order to give 
greater strength. A number of these 
rings were made and submitted to 


various members of Committee D-17 


and the special committee of Committee 


E-1 for comment. 


The collaborative tests on six samples 
of rosin by Subcommittee II on Crystal- 
lization (E. V. Romaine, chairman) were 
completed. A summary of results is 


submitted as shown in Table I. 


Subcommittee IV on Acid and Saponi- 
fication Number and Unsaponifiable 
Matter (C. C. Zeigler, chairman) has 
held further collaborative work in abey- 


ance pending results of tests on titration 


REPoRT oF CoMMITTEE D-17 


conducted in Mr. Zeigler’s laboratory 
involving the use of inside indicators 
outside indicators, two-phase solution 
with inside indicator, and electrometric 
titration. 


This report has been submitted to the 
letter ballot of the committee, which 
consists of 20 members; 19 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
F. P. Verrcu, 
Chairman, 
C. F. Spen, 
Secretary. 
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Committee D-18 on Soils for Engi- 
neering Purposes has held three meetings 
during the past year: at Atlantic City, 
N. J. on June 26, 1940; in Washington, 
D. C., on December 4, 1940; and in 
Washington, D. C., on March 5, 1941. 

Plans are being made by the com- 
mittee to sponsor a Symposium on Tests 
of Soils for Engineering Purposes, to be 
presented at the 1942 annual meeting 
of the Society. The eleven subcom- 
mittees will participate, and will sponsor 
papers concerning the present status of 
tests as it relates to the methods being 
considered by them. Special attention 
will be paid to descriptions of the differ- 
ent test methods now being used. 

The committee has no recommenda- 
tions affecting standards to present to 
the Society at this annual meeting. The 
Method of Test for Water Absorption 
and Resistance to Plastic Flow of Soil 
and Emulsified Asphalt Mixtures was 
recommended for publication as tenta- 
tive at the 1940 annual meeting, but 
action was taken to refer this recom- 
mendation to Committee E-10 on Stand- 
ards. No further action with respect 
to this test is being recommended by the 
committee at this time. 

Several subcommittees are studying 
lests, with the expectation that reports 
on them will be ready for submission to 
the Society at the 1942 annual meeting. 


Activities oF SUBCOMMITTEES 


Subcommittee I on Nomenclature and 
Definitions (W. P. Kimball, chairman) 
has prepared the Proposed Defini- 
tions of Terms and Symbols Re- 
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lating to Soil Mechanics, appended 
hereto.! Copies have been distributed 
to the membership of Committee D-18 
for review and criticism. These pro- 
posed definitions and symbols are being 
published in this report as information. 
It is planned to submit them to letter 
ballot of the committee following the 
annual meeting of the Society, with the 
expectation that they may be presented 
to the Society subsequent to the June 
meeting through Committee E-10 on 
Standards. 

Subcommittee IV on Methods of Test- 
ing the Physical Characteristics of Soils 
(Paul Rapp, chairman) has submitted 
for consideration of the committee a new 
Proposed Method of Test for Compac- 
tion and Density of Soil, which is being _ 
published as information as appended 
hereto? It is planned also to submit _ 
this method to letter ballot of the com- 
mittee. It has also been referred to 
Committee D-4 on Road and Paving 
Materials for consideration. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 75 members; 47 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
C. A. HOGENTOGLER, 
Chairman. 
WESLEY R. NELSON, 


Secretary. 


1 See p. 460. 
2 See p. 467. 
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PROPOSED DEFINITIONS 


SYMBOL 


APPENDIX I 


OF TERMS AND SYMBOLS REL 
SOIL MECHANICS! 


ATING TO 


These are proposed definitions and are published as information only. 
d Comments are solicited and should be addressed to the American 
Society for Testing Materials, 260 S. Broad St., Philadelphia, Pa. 


Part I.—SyYMBOLS AND TERMS RELATING TO SOIL MECHANICS. 


TERM 

Area (II)? 

Compressibility, coefficient of (V) 

Breadth, or width (II) 

Cohesion, resultant or total (IV, E) 

Compression index (V) 

Swelling index (V) 

Uniformity coefficient (Hazen) (III) 

Cohesion per unit area (IV, E) 

Consolidation, coefficient of (V) 

Diameter, or grain diameter, (II, III) 

Effective size (Hazen) (III) 

Density, degree of, or compaction, 
degree of (III) 

Modulus of elasticity (IV, D) 

Base of natural logarithms, or void 
ratio (II, III) 

Void ratio, critical (ITT) 

Void ratio at pressure p, on the 
compression curve (V) 

Flocculation ratio (III) 

Void ratio at pressure p, on the 
swelling curve (V) 

Force, total internal (IV, A) 

Normal component of F (IV, A) 

Tangential (shearing) component of 
F (IV, A) 

Force per unit area, or stress per unit 

area, internal (IV, A) 

Normal component of f (IV, A) 

Tangential (shearing) component of 

f (IV, A) 


1These proposed definitions and symbols are under 
the jurisdiction of the A.S.T.M. 
Soils for Engineering Purposes. 


Committee D-18 on 
Published as informa- 
une, 1941. 


e boldface roman numerals in parentheses indicate 


that a further definition of the symbol and term appears 
in a later part, that is, in Parts II to V, which cover sep- 
arate classifications of the terms as to properties. 


F, 
P, 


Ps 


Effective force, total internal (IV, A) 

Normal component of F (IV, A) 

Tangential (shearing) component of 
(IV, A) 

Effective force per unit area, or 
effective stress per unit area, 
internal (IV, A) 

Normal component of / (IV, A) 

Tangential (shearing) component of 
J (IV, A) 

Specific gravity (III) 

Acceleration of gravity (II) 

Depth, height, thickness (II) 

Reduced height (II) 

Modulus of incompressibility (IV, D) 

Consistency index (III) 

Flow index (III) 

Plasticity index (ITI) 

Remolding index (III) 

Toughness index (III) 

Moisture index (III) 

Hydraulic gradient (II) 

Seepage force, resultant (II) - 

Seepage force per unit volume (II) 

Hydrostatic pressure ratio (III) 

Permeability, coefficient of (III) 

Distance, or length (II) 

Lineal expansion (III) 

Lineal expansion limit (III) 

Lineal shrinkage limit (II) 

Lineal shrinkage (III) 

Perimeter shear (IV, E) 

Porosity, or developed pressure (I; 
III; IV, E) 

Force, total, or load, total (IV, B) 

Earth pressure, total active (IV, B) 
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PROPOSED DEFINITIONS RELATING TO Sort MECHANICS 


Earth pressure, total passive (IV, B) 

Force per unit area, or load per unit 
area (IV, B) 

Discharge, rate of, or resistance, 
total or resultant (II; IV, E) 

Discharge, rate of per unit length or 
per unit area, or resistance per unit 
area or length (II; IV, E) 

Ultimate bearing capacity per unit 
area at ground surface (IV) 

Compressive strength per unit area 


v 


Water content, optimum (III) 

Plastic limit (III) 

Shrinkage limit (III) 

Angle (II) 

Angle (II) 

Unit weight (III) 

Unit weight of water, equal to 1 in the 
metric system 

Displacement, or deformation, total 
(see also p) (IV, C) 


Components of 6 (IV, C) 


Base of natural logarithms, or de- 
formation per unit length, or strain 
(II; IV, C) 

Component of p in Z direction (IV, C) 
Component of p in y direction (II; 
IV, C) 
Angle (II) 

Coefficient of absolute viscosity 

Coefficient of kinematic viscosity, or 
concentration factor (II; IV, A) 

Component of p in x direction (IV, C) 

Displacement, or deformation, total 
(see also 5) (IV, C) 


Components of p (IV, C) 


Normal component of internal force 
per unit area (normal component 
of stress) (IV, A) 

Normal component of effective in- 
ternal force per unit area (normal 
component of stress) (IV, A) 

Tangential component of internal 
force per unit area (tangential com- 
ponent of stress) (IV, A) 

Tangential component of effective 
internal force per unit area (tan- 
gential component of effective 
stress) (IV, A) 

Angle of internal friction (III) 

Angle (II) 


Tr tau 
upsilon 


nu 
Zé xi 
Oo omicron 
pi 
Pp rho 
Zeos sigma 


(triaxial) (IV, E) 
Shear strength per unit area (IV, E) 
Compressive strength per unit area 
(unconfined test )(IV, E) 
Reading (II) 
Shrinkage ratio (III) 
Radius (II) 
Hydraulic gradient; or saturation, 
degree of (III) 
Shear strength per unit area (II; 
IV, E) 
Temperature (II) 
Time factor (V) 
Time (II) aA’ 
Neutral force (V) 
Consolidation, percentage of (V) 
Hydrostatic excess pressure (V) 
Neutral pressure per unit area (V) 
Hydrostatic pressure (V) 
Volume (II) 
Volumetric shrinkage (III) 
Volumetric shrinkage limit (II ) 
Velocity (II) 
Weight, or load, total (II; IV, B) 
Percentage finer matter in mechanical 
analysis plot (III) 
Water content (moisture content) 
(III) 
Centrifuge moisture equivalent (III) 
Flocculation limit (III) 
Field moisture equivalent (II ) 
Liquid limit (III) on 
Greek Alphabet 
alpha q eta Ny 
beta 068 theta 
gamma Ic iota 
delta Kx kappa 
epsilon Ad lambda 
zeta Mu 
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Part II. 


Acceleration of Gravity, g. 

Angle, a, 8, , y.—Angles are generally best 
designated by Greek letters. These four 

7 letters have no specific application in this 
list, and are therefore convenient for 
designating angles. 

Area, A. 

Base of Natural Logarithms, e or «.--The 
symbol, e, is preferred, but where its use 
might cause confusion with its use 
designating void ratio the symbol, .«, 
should be used. 

Breadth, b. 


Diameter, D. 

Discharge, Rate of, (.—-In soil mechanics 
literature this usually refers to the rate at 
which water is discharged through a given 
area of soil. Dimensionally, Q = 
volume/time. In Darcy’s familiar equa- 
tion for laminar flow 0 = kSA. 

q Discharge, Rate of per Unit Length or per 
Unit Area, 4. Dimensionally, q = 
volume/(time X area), or g = volume/ 
(time X length). In Darcy’s equation 
as used above g = RS. 

Distance, L. 

Height, //. 

_ Hydraulic Gradient, S or i..-The symbol, 
S, is preferred because of its widespread 


{ Coefficient of Absolute Viscosity, u 
Coefficient of Dynamic Viscosity, v.—De- 
fined by the equation » = ak , where vf = 
the unit weight of the fluid in question. 
Depth, //. 


Parr IIL.—-Terms USED IN THE 


Centrifuge Moisture Equivalent, weme.—In 
most uses the abbreviation CME may 
be used. When, as rarely, a symbol is de- 


Angle of Internal Friction, ¢. 
sired, Weme should be used. The CME 
is the water content retained by a soil 
which has been first saturated with water 
and then subjected to a force equal to one 
: thousand times the force of gravity for 
one hour. 
Compaction, Degree of, Dag.—-Also called 
degree of density. Defined by the 
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GENERAL TERMS. 


DESCRIPTION OF 


Density 
use in literature on hydraulics, The gree 
symbol, i, is included because it has bee, jy Diamet 
almost exclusively used to designate san 
hydraulic gradient in soil mechanics 
literature. anal! 

Length, L. benc 
Radius, sphe 
Reading, R.—-For example, reading of a ring 
deflection dial, hydrometer, and similar et 
apparatus. 
Reduced Height, //,..-The volume of the Equiva 
solid particles in a given soil mass divided , - 
ie 


by the cross-sectional area of the mass 
Usually applied to a soil stratum where it — 


represents the thickness or height which used 
the stratum would have if its void ratio Wfme 
were zero. Expressed by the equation —- 

= .. Note that in consolidation soil 
(1 +e) the 
calculations the height and reduced height ali 

of a stratum draining at both faces are A 

occul 
generally designated by 2H and 2H,, te 
respectively. deflc 
Seepage Force, Resultant, /. Floceu 
Seepage Force per Unit Volume, j.—Not a x 
that 7 = Sys, where is the unit weight 
of the fluid. Flow 
Temperature, 7. curs 
Thickness, //. poin 
Time, /. limi 
Velocity, v. sent 
Volume, V. arit! 
Weight, 
Width, diffe 
10a 
SOILS AND THEIR PROPERTIES. Hydro 
usec 
(Void ratio of sample) rep) 
ae — (Void ratio in densest state on 
4 ™ (Void ratio in loosest state) give 
— (Void ratio in densest state exis 
Consistency Index, J.—The ratio of t Lineal 
difference between the liquid limit ath dim 
natural water content to the differenc tha 
between the"liquid limit and the plasti wil 
limit. Defined by the equation: cre: 
ad giv 
I, = Linea 

Ip in 
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PROPOSED DEFINITIONS RELATING TO MECHANICS 


Density, Degree of—See Compaction, De- 
gree of. 
Diameter, Grain, D.—Also called grain size, 

| orparticle size. The size of grain, usually 
in millimeters, as determined by sieve 
analysis or wet mechanical analysis; 
hence not a true grain size except for 
spherical grains. 

Efective Size (Hazen), Dio.—The grain 
size on a mechanical analysis curve corre- 
sponding toW % = 10. 

Equivalent Volumetric Change.—See Volu- 
metric Shrinkage Limit. 

field Moisture Equivalent, wyme.—In most 
uses the abbreviation FME may be 
used. When, as rarely, a symbol is desired 
wjme Should be used. The FME is the 
minimum water content at which a drop of 
water placed on a smoothed surface of a 
soil will not immediately be absorbed by 
the soil but will spread over the surface 
and give it a shiny appearance. 

Flocculation Limit, wy.—The water content 
of a soil when it is in the condition of a 
deflocculated sediment. 

Flocculation Ration, ey.—The void ratio of 

_a soil when it is in the condition of a 
deflocculated sediment. 

Flow Index, /;.—The slope of the flow 
curve. The flow curve is the locus of 
points obtained from a standard liquid 
limit test and plotted on a graph repre- 
senting water content as ordinates on an 
arithmetic scale and number of blows as 
abscissas on a logarithmic scale. ‘Thus 
the flow index is numerically equal to the 
difference between the water content at 
10 and at 100 blows, or at 1 and at 10 blows. 

Hydrostatic Pressure Ratio, K.—A term 
used in earth pressure computations to 
represent the ratio between the normal 
component of pressure at a point on a 
given plane and the pressure which would 
exist at the same point in a liquid of the 
same unit weight. Thus: pp = KymH. 

Lineal. Expansion, Le.—The increase in one 
dimension, expressed as a percentage of 
that dimension at the shrinkage limit, of a 
soil mass when the water content is in- 
creased from the shrinkage limit to any 
given water content. 

Lineal Expansion Limit, L,.—The increase 
in one dimension, expressed as a per- 


centage of that dimension at the shrinkage 
limit, of a soil mass when the water 
content is increased from the shrinkage 
limit to the field moisture equivalent. 

Lineal Shrinkage, Ls.—The decrease in one 
dimension, expressed as a percentage of 
that dimension originally, of a soil mass 
when the water content is reduced from 
the original percentage to the shrinkage 
limit. 

Lineal Shrinkage Limit, L,s.—The decrease 
in one dimension, expressed as a per- 

.centage of that dimension at the field 
moisture equivalent, of a soil mass when 
the water content is reduced from the 
field moisture equivalent to the shrinkage 
limit. 

Liquid Limit, w,.—In most cases the ab- 
breviation LL may be used. When, as 
rarely, a symbol is desired, w,, should be 
used. The LL is the upper limit of the 
plastic state, expressed as the water 
content at which the flow curve (see Flow 
Index) intersects the “25 blows” ordinate. 

Moisture Content.—See Water Content. 

Moisture Index, /,,.—The ratio of the plas- 
ticity index to the difference between the 
natural water content and the plastic 
limit expressed by the equation: 

Ip 


Iw = 


Percentage Finer, W%.—The ordinate of the 
mechanical analysis curve, representing, 
for a given soil, the percentage of particles 
by weight having diameters smaller than 
the value of D corresponding to W%. 

Permeability, Coefficient of, k.—The dis- 
charge velocity of flow of a fluid through a 
porous mass under a unit hydraulic 
gradient. Thus in Darcy’s equation, 
V = kSAt, for laminar flow, k = An’ 
where A is the gross area of the soil mass. 

Plasticity Index, /,—In most cases the 
abbreviation PJ may be used. When, 
as rarely, a symbol is desired J, should be 
used. The PJ is the numerical differ- 
ence between the water content at the 
liquid limit and the water content at the 
plastic limit. Ip = wr — Wp. 

Plastic Limit, w,.—In most cases the ab- 
breviation PZ may be used. When, as 
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rarely, a symbol is desired, wp should be 
; used. The PL is the lower limit of the 
plastic state, expressed as the minimum 
water content at which a soil can be rolled 
ps into a thread } in. in diameter without 
crumbling. 
Porosity, n.—-The ratio, expressed as a per- 
centage, of the intergranular space in a 
given soil mass to the total volume of the 
soil mass. Porosity must be clearly 
differentiated from void ratio, e. The 
; relation between the two terms is ex- 
_ ssed by the equation: : 
pressed by the equation: ” = ate’ 
4 Remolding Index, /z.--The ratio of the 
modulus of elasticity (or deformation) of 
a soil in the undisturbed state to the 
modulus of elasticity (or deformation) of 
the soil in the remolded state. 
Saturation, Degree of, S.—-The ratio, ex- 
pressed as a percentage, of the volume of 
water in a given soil mass to the total 
volume of intergranular space (voids). 
Thus: = 100. 
4 Shrinkage Limit, w,.—In most cases the 
abbreviation SZ may be used. When, 
as rarely, a symbol is desired, w, should 
be used. The SL isthe maximum water 
content at which a reduction in water 
4 content will not cause a decrease in 
volume of the soil mass. 
q Shrinkage Ratio, R,.In most cases the 
: abbreviation SR may be used. When, 
as rarely, a symbol is desired, R, should 
be used. The SR is the ratio between 
a given volume change, expressed as a 
percentage of the dry volume, and the 
corresponding change in water content 
above the shrinkage limit, expressed as 
a percentage of the weight of the oven- 
dried soil. 
_ Specific Gravity, G.—The ratio of the weight 
in air of a given volume of a material at 
a stated temperature to the weight in air 


} 


Part IV. 
Section A: Internal Stresses and Forces 


Concentration Factor, »v.—Factor used in 
Frélich’s and Griffith’s theory of stress 
distribution, as in the equation: => 
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of an equal volume of distilled water at a 
stated temperature, usually 4 C. 

Toughness Index, /7.—In most cases the 
abbreviation TZ may be used. When. 
as rarely, a symbol is desired, Ip should 
be used. The 77 is the ratio of the 
plasticity index to the flow index. Thys 

Ip 
I7 = 

Uniformity Coefficient (Hazen), C,.—The 
ratio of Deo to Dy as determined jn a 
mechanical analysis. 

Unit Weight, y.— Weight per unit volume, as 
grams per cubic centimeters, pounds per 
cubic foot, etc. 

Void Ratio, e.—The ratio of the volume 
intergranular space to the volume 
solid particles in a given soil mass without 
regard to the proportions of liquid, air, 
or gas which may occupy the space. 

Void Ratio, Critical, e...-The void ratio of 
a cohesionless soil at which continuous 
shearing deformation can take pla 
without change in void ratio. 


Volumetric Change.—-See Volumetr 
Shrinkage. 
Volumetric Shrinkage, Vs.——Also called 


volumetric change. The decrease in 
volume, expressed as a percentage of the 
dry volume, of a soil mass when th 
water content is reduced from a given 
percentage to the shrinkage limit. 

Volumetric Shrinkage Limit, Vs,.—Th 
decrease in volume, expressed as a per 
centage of the dry volume, of a soil mass 
when the water content is reduced from 
the field moisture equivalent to the 
shrinkage limit. 

Water Content, w.—The ratio, expressed as 
a percentage, of the weight of water ina 
given soil mass to the weight of solid 
particles. 

Water Content, Optimum, w,.—The water 
content at which the maximum density 
is produced in a soil by a specific amount 
of compaction. 


TERMS RELATING TO STRESS, STRAIN, AND DISPLACEMENT. 


Force, Total Internal, /.—The total force 
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acting on a given area within a body or 
within a mass of earth. 
Force per Unit Area, or Stress per Unit 
Area, Internal, f.—The force per unit 
area or stress per unit area acting at a 
point or on a surface within a body or 
within a mass of earth. 
Effective Force, Total Internal, F.—-The total 
force acting on the soil structure over a 
given area within a body or within a mass 
of earth, for example, F = F — U. 
Effective Force per Unit Area, or Effective 
Stress per Unit Area, Internal, f.—The 
force per unit area or stress per unit area 
acting on the soil structure at a point or 
on a surface within a body or within a 
mass of earth, for example, f = f — u. 
Normal Component of These Forces and 
Stresses, Fn, Pn, fn, OF fn OF 

Tangential (or Shearing) Component of 
These Forces and Stresses, F,, Fy, fy or 
1; Jy or 7. 


Section B: External Forces, Pressures, and 
Loads 


Earth Pressure, Total Active, P,4.—The 
total force exerted by or through a mass 
of earth against a medium of lateral 
support or against a given area thereof. 

Earth Pressure, Total Passive, Pp».—The 
total externally applied lateral force 
which a given mass of earth is capable of 
resisting over a given area. 

Force, Total, P.—Externally applied force. 

Force per Unit Area, p.—Intensity of ex- 
ternally applied force. 

Load, Total, P or W.—Externally applied 
load, 

Load per Unit Area, p. 
ternally applied load. 


Intensity of ex- 


Section C: Strains and Displacements 


Displacement, 6 or p.—Translation of a 
body or mass through space. 

Deformation, Total, 6 or p._-Total deforma- 
tion of a body or mass within itself, 
usually caused by externally applied 
forces. 

Components of Displacement or Total 
Deformation._The following are used to 


to identify components of displacement 
or total deformation: 


: PROPOSED DEFINITIONS RELATING TO Sort MECHANICS 


465 


Components in the x-Direction, dz Or pz OF &. 
Components in the y-Direction, by or py 
Or 7. 
Components in the z-Direction, 5, or pz, Or ¢. 
Deformation per Unit Length, «. 
Strain, «. 


Section D: Moduli 


Modulus of Elasticity, E.—The ratio of 
stress to strain for a given material under 
given load conditions. Subscripts may 
be used to differentiate moduli under 
different load conditions. 

Modulus of Incompressibility, 7.—The ratio 
of the developed pressure to the volume 
change in a soil mass of unit volume. 


Section E.: Resistances and Strengths 


Cohesion per Unit Area, c.—The shearing 
strength per unit area under zero ex- 
ternally applied load, as used in Rankine’s 
equation: s=c+ptan@. The value of 
c is not a constant for a given soil, but 
varies according to the test procedure. 

Cohesion, Resultant or Total, C.—The total 
cohesion on a given area, that is, C = cA. 

Developed Pressure, ”.—The stress reaction 
of a soil mass acting as a pressure per unit 
area independent of the dimension of the 
loaded area, and consisting of pressure, 
components developed by the mass due 
to resistance to displacement. 

Perimeter Shear, m.—The boundary stress 
reaction per unit length of perimeter 
developed by a loaded area, a measure of 
that proportion of the applied pressure 
which is carried by the body of soil as a 


function of the perimeter of the bearing — 


area. 

Resistance, Total Resultant, 0.—A general 
symbol to be used with appropriate 
subscripts where necessary. 

Resistance per Unit Area or Length, g.—A 
general symbol to be used with ap- 
propriate subscripts where necessary. 


Compressive Strength per Unit Area, gy.—- | 


Compressive strength as determined by 
an unconfined compression test. 

Compressive Strength per Unit Area, g,.— 
Compressive strength as determined by a 
triaxial compression test. Note that 
Yr = o1— ott} at failure. 


Shear Strength per Unit Area, gq, or s. _ 
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Ultimate Bearing Capacity per Unit Area at 
Ground Surface, g,.—In an homogeneous 
soil, the ultimate bearing capacity in- 


Part V.—TERMS RELATING TO 


Compressibility, Coefficient of, a,.—Nu- 
merically equal to the slope of the 
pressure-void ratio diagram obtained from 
a consolidation test, expressed by the 

de 


= ~ dp’ 
Compression Index, C,..-Compression index 


for a clay sample in the undisturbed state 


expressed by the equation: e = e, — C, 
remolded state. 


equation: 


log Use Ct for a clay sample in the 


Swelling Index, C,. Swelling index for a 
clay sample in the undisturbed state, 
expressed by the equation: e = e, — Cs 


. 


log Use Ci for a clay sample in the 


remolded state. 
: _ Void ratio at pressure p, (usually 1 kg. 
; per sq.cm.) on the compression curve ob- 
tained by a consolidation test on a clay 


: sample in the undisturbed state, e,. Use 
e, for a clay sample in the remolded 
state. 


— Void ratio at pressure p, (usually 1 kg. 
per sq.cm.) on the swelling curve obtained 

} by a consolidation test on a clay sample 
in the undisturbed state, ¢. Use es for 


a clay sample in the remolded state. 


Consolidation, Coefficient of, c,..-Defined 
by Terzaghi by the equation: 
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creases with depth. Ultimate bearing 
capacities at various depths may he 
designated by q with suitable subscripts, 


THE CONSOLIDATION OF SOILS. 


Note.—Readers of literature published prior 
to 1935 should observe that the coefficient of 
consolidation, usually designated by c, was then 

k 


defined by the equation ¢ = This 

original definition of coefficient of consolidation 

may be found in some more recent papers and 
care should be taken to avoid confusion, 

Consolidation, Percentage of, U%.—Aver. 
age degree of theoretical consolidation at 
a given time within a clay stratum, ex- 
pressed as a percentage of the total 
consolidation obtainable under the given 
stress condition. 

Time Factor, 7,.-A dimensionless factor 
used in the calculation of the rate of con- 
solidation. The value of T, correspond- 
ing to a given percentage consolidation, 
U%, depends solely on the distribution of 
stress increment within the consolidating 
stratum. 

Hydrostatic Pressure, 22. 

Neutral Pressure per Unit Area, #%».—The 
total pressure per unit area of soil in the 
pore water at a given time. 

Neutral Force, U’.—The total pressure, over 
a given area of soil, in the pore water at 
a given time expressed by the equation: 

U = wA. 
Hydrostatic Excess Pressure, «.—The pres 
sure per unit area of soil which exists i 
the pore water at any time in excess of 
the hydrostatic pressure, expressed by 
equation: = — uz. Note also that 
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PROPOSE D METHOD OF TEST FOR MOIST URE. DENSITY RELATIONS 
OF SOIL! 


: ‘This is a proposed method and is published as information only. 
ion Comments are solicited and should be addressed to the American _ 
Society for Testing Materials, 260 S. Broad St., Philadelphia, Pa. 


Scope 

‘a 1. This method of test is intended for 

tal determining the relationship between 

ren the moisture content of soils and re- 
sulting densities (oven-dry weight per 

tor cubic foot) when the soil is compacted in 


the laboratory as specified herein. 


on, Apparatus 
ie 2. The apparatus shall consist of the 
following: 
(a) Mold.—A cylindrical metal mold 
The having a capacity of 4, cu. ft. with an 
th internal diameter of 4.0 in. and a height 
of approximately 4.6 in., which has a 
wer detachable collar assembly approxi- 
rat mately 2} in. in height, to permit pre- 
“ons paring compacted specimens of soil- 
iain water mixtures 4.0 in. in diameter and 
ote approximately 4.6 in. in height which 


have a volume of », cu. ft. The mold 
by and collar shall be fastened to a detach- 
able base. (See Fig. 1.) 
_(b) Rammer.—A metal rammer hav- 
ing a 2-in. diameter circular face and 
weighing 5.5 lb. The rammer shall be 
equipped with a suitable arrangement to 
control the specified drop. 
(c) Sleeve.—A closed cylindrical sleeve 
slightly less than 4.0 in. in diameter, or 
similar device, for removing compacted 
specimens from the mold. 
{d) Balances.—A balance or scale of 
25-lb. capacity sensitive to 0.01 lb., and 


method is under the jurisdiction 
Demeaes M. Committee D-18 on Soils for ngineering 
: and Committee D-4 on Road and Paving Mate- 


s Published as information June, 1941. 


a 100-g. capacity balance sensitive to 
0.1 g. 

(e) Drying Oven.—A thermostatically 
controlled drying oven capable of main- 
taining temperatures of about 110C. IL 
(230 F.) for drying moisture samples. 

(f) Straightedge.—A steel straightedge 


12 in. in length. a 


3. A 6-lb. sample of soil taken from a 
portion of the material passing the No. 
4 (4760-micron) sieve shall be air-dried 
to a slightly damp condition. 


Sample 


Procedure 


4, (a) The 6-lb. sample shall be thor- 
oughly mixed, then compacted in the 
cylinder (with the extension attached) 
in three equal layers, each layer receiv- 
ing 25 blows from the rammer dropping | 
free from a height of 12 in. above the 
elevation of each finally compacted layer. 
During compaction, the mold shall rest 
on a uniform, rigid foundation weighing 
200 Ib. or of equivalent rigidit,. The 
blows shall be uniformly distributed over 
the surface of. the layer being compacted. 
The extension shall then be removed and 
the compacted soil carefully trimmed 
even with the top of the cylinder by _ 
means of the straightedge, and weighed. 

(b) The weight of the compacted 
sample and cylinder, minus the weight of 
the cylinder, shall then be multiplied by 
30 and the result recorded as the wet 
weight per cubic foot of the compacted 


soil. 
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4 (4760-micron) sieve. 
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(c) The material shall be removed 
from the cylinder and sliced vertically 
through the center. At least a 100-g. 
sample shall be taken from the center, 
weighed immediately, and dried in an 
oven at 110 C. (230 F.) for at least 12 
hr. or to constant weight to determine 
the moisture content. 

(d) The remainder of the material 
shall be broken up until it will pass a 
Water in 


t 
Extension 


this joint ~ 
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with "4-48 thd 
A Project to form 
Acatch for estension 
Aclamp Place three 
V4 120° apart. 


This volume tobe 
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Fic. 1.—Cylindrical Mold for Soil Tests. 


sufficient amounts to increase the mois- 
ture content of the soil sample by ap- 
proximately 1 per cent shall be added 
and the above procedure repeated for 
each increment of water added. This 
series of determinations shall be con- 
tinued until the soil becomes very wet 
or there is a substantial decrease in the 
wet weight of the compacted soil. 


Calculations 


5. The moisture content and the dry 
weight of the soil as compacted shall be 
calculated as follows: 


B-C 
— 
M + 100 


M 100 


W X 100 


percentage of moisture in the 
specimen, 

weight of dish and wet soil, 

weight of dish and dried soil, 

weight of dish, 

dry weight per cubic foot of 
compacted soil, and 

wet weight in pounds per cubic 
foot. 


W,= 


Moisture-Density Relationship 


6. (a) The calculations in Section 5 
shall be made to determine the moisture 
content and corresponding compacted 
oven-dry weight (density) of the com- 
pacted soil for each test made. The 
oven-dry weight per cubic foot (density) 
of the soil shall be plotted as ordinates 
and corresponding moisture contents 
as abscissas. 

(b) Optimum Moisture Content. 
When the moisture-density relations 
have been determined for a soil and the 
results plotted as indicated in Paragraph 
(a), it will be found that by connecting 
the plotted points with a smooth linea 
curve is produced which is, generally, 
parabolic in form. The moisture con- 
tent producing the peak of the curve 
shall be termed the “optimum moisture 
content” of the soil under the above 
compaction. 

(c) Maximum Density.—The ovet- 
dry weight per cubic foot of the soil at 
“optimum moisture content” shall be 
termed “maximum density” under the 
above compaction. 
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REPORT OF COMMITTEE D-19 


Committee D-19 on Water for In- 
dustrial Uses and its subcommittees held 
meetings at Atlantic City, N. J., on 
June 24 and 25, 1940. No additional 
meetings were held by any of the sub- 
committees during the year. 

The committee sponsored a session on 
water at the 1940 annual meeting, in the 
form of a Symposium on the Problems 
in the Classification of Natural Water 
Intended for Industrial Use in which 
four papers! were presented and dis- 
cussed. 

The committee is sponsoring a water 
session at this annual meeting of the 
Society in the form of a Symposium on 
Problems and Practices in Determining 
Steam Purity by Conductivity Methods. 
This symposium of very timely interest 
has been arranged by R. E. Hall, the 
secretary of the committee, who will 
serve as chairman of the session and will 
also present an introduction to the 
symposium. ‘The papers? comprising the 
symposium are as follows: 


“The Sampling of Steam and Boiler Water,” 
by A. R. Belyea and A. H. Moody, Consolidated 
Edison Company of New York, Inc. 

“Experimental Methods of Determining 
Conductivity Correction Factors for Dissolved 
Gases in Steam Condensate,” by S. F. Whirl 
and W. A. Lower, Duquesne Light Co. 

“Calculation of Corrections to Conductivity 
Measurements for Dissolved Gases,” by D. S. 
McKinney, Carnegie Institute of Technology. 

‘The Degasification of Steam Samples for 


' Proceedings, Am. Soc 

1307, 1317, 1329 and 1342 ( 
See pp. 1261 to 1340. 


Testing Mats., Vol. 40, pp. 1305, 
1940). 


ON 


WATER FOR INDUSTRIAL USES 


Conductivity Tests,” by P. B. Place, Combustion 
Engineering Co., Inc. 

“A New Type of Conductivity Apparatus for 
Use with Boiler Waters and Steam Samples,” 
by A. R. Mumford, Consolidated Edison Com- 
pany of New York, Inc. 

“Conductivity Cells and Electrical Measur- 
ing Instruments,” by C. E. Kaufman, Hall 
Laboratories, Inc. 

It is believed that these papers and 
the discussion will be of value to the 
committee and its subcommittees in 
making available data that will permit 
the development of methods of testing 
and sampling. 

The Society was represented by R. E. 
Hall, substituting for the official repre- 
sentative, at a meeting of the Subcom- 
mittee on Care of Steam Boilers in 
Service of the Boiler Code Committee 


of the American Society of Mechanical © 


Engineers. A section has been organized 
in this subcommittee to undertake the 
work of suggesting revisions in the para- 
graphs on water chemistry that now 
appear in the A.S.M.E. Boiler Construc- 
tion Code, 1940 Edition, particularly in 
Section VII on Suggested Rules for Care 
of Power Boilers. The proposed revi- 
sions should merit the attention and 
cooperation of interested members of 
Committee D-19, as well as members of 
the Society who are responsible for boiler 
operations. 


ADOPTION OF TENTATIVE STANDARDS AS 
STANDARD 

The committee recommends that the 

following t 


entative methods be ap | 
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proved, without revision, for reference 
to letter ballot of the Society for a 
standard: 


Tentative Methods of: 


Sampling Plant or Confined Waters for In- 
dustrial Uses (D 510 - 40 T),’ 

Reporting Results of Analysis of Industrial 
Waters (D 596 - 40 T),? and 

Determination of Hydroxide Ion in Industrial 
Waters (D 514 - 38 T).4 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 62 members; 45 members returned 
their ballots with the results shown in 
Table I. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Ballots 
Marked 


“Not 
Voting” 


| Affirm-| Nega- 
ative tive 


Aporrion OF ‘TENTATIVE 
STANDARDS AS STANDARD 
Sampling Plant and Confined 
: Waters for Industrial Uses 
(D 510 - 40 T) : 
Reporting Results of Analysis 
of Industrial Waters 
(D 596 - 40 T) ; 
_ Determination of Hydroxide 
Ion in Industrial Waters 
(D 514 - 38 T) 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II, Editorial (E. P. 
Partridge, chairman).—The _ principal 
activity of this subcommittee has been 
its editorial assistance to the other 
subcommittees. Subsequent to the 1940 
annual meeting the chairman cooperated 
in editing the revisions to the methods 
discussed at the time of the meeting. 

Subcommittee ITT on Methods of Sam- 
pling (M. A. Krimmel, chairman). 
This subcommittee has voted in favor of 
adopting as standard this year, without 
further revision, the Tentative Methods 
of Sampling Plant or Confined Waters 


31940 room to Book of A.S.T.M. Standards, Part 
III, pp. 523, 


4'1939 Book ak S.T.M. Standards, Part III, p. 1111. 


for Industrial Uses (D 510-40T). The 
plan of the subcommittee is to develop 
methods in accordance with the outline 
previously developed. §_ However, be- 
cause of pressure of company duties, the 
chairman of the subcommittee had to 
defer any committee plans. Mr. D, K. 
French has accepted the appointment as 
acting chairman of the subcommittee, 
and the work of the subcommittee will 
be forwarded during the coming year. 

Subcommitice IV on Methods of Anal- 
ysis (H. C. Miller, chairman).—This 
subcommittee is recommending that the 
Tentative Methods for Determination 
of the Calcium Ion and Magnesium Ion 
in Industrial Waters (D 511-40T), 
Determination of the Chloride Ion in 
Industrial Waters (D 512~—40T), De 
termination of the Total Orthophosphate 
and Calculation of the Respective Ortho- 
phosphate Ions in Industrial Waters 
(D 515—40T), and Determination of 
the Sulfate Ion in Industrial Waters 
(D 516 — 40 T) be continued as tentative 
without further revision. The subcom- 
mittee is also recommending that the 
Tentative Method for Determination of 
the Hydroxide Ion in Industrial Waters 
(D 514-38 T) be adopted as standard 
without revision. 

Methods for the determination of 
silica, iron, aluminum, manganese, soap 
hardness, and dissolved oxygen are cur- 
rently being studied by the subcommit- 
tee. It is not anticipated that these 
methods will be available for considera- 
tion by the Society as proposed methods 
for another year. 

There has been a generous response to 
the requests for rapid routine methods, 
many of these are colorimetric method: 
and require specially calibrated color 
comparison standards of liquid or glass. 
Recent imprevements in design and 
availability of photoelectric color com- 
parators may make possible the elimina- 
tion of such comparison standards and 


| 
consi 
fulne 
The 
be ar 
revis 
; meth 
comr 
than 
they 
revis 
Co 
ment 
such 
sodiu 
abey: 
eXCe] 
Su 
Adar 
38 1 6 
; 37 2 6 
36 0 9 | 
4 
> 
ve 
} ‘ 
> 
/ 
pa 


considerably broaden the field of use- 
fulness of color methods in general. 
The subcommittee believes that it will 
be amply repaid if time is now taken for 
revision of some of these rapid routine 
methods to permit of their use with the 
commercial equipment available rather 
than to issue them immediately since 
they may then need to be extensively 
revised at a later date. 

Consideration of some of the methods 
mentioned in the 1940 annual report, 
such as procedures for determining 
suspended matter, organic matter, 
sodium, and ammonia, has been held in 
abeyance as the subcommittee has an 
exceptionally heavy schedule at present. 

Subcommittee V on Classification (R. C. 
Adams, chairman).—Subcommittee V 
approved by a letter ballot, issued during 
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the current year, the adoption as stand- 
ard of the Tentative Method of Report- 
ing Results of Analysis of Industrial 
Waters (D 596-40 T) without further 
revision. No other work was undertaken 
by this subcommittee during the year. 


This report has been submitted to 
letter ballot of the committee which 
consists of 62 members; 45 members 
returned their ballots, of whom 39 have 
voted affirmatively and 2 negatively. 


Respectfully submitted on behalf of 
the committee, 


Max HEcut, 
Chairman. 


R. E. HALL, 
Secretary. 
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Since the June, 1940, meeting in Atlan- 
tic City, N. J., Committee D-20 on 


Plastics and its subcommittees have held 


two meetings: one in New York, N. Y., 
in November, 1940, and one in Washing- 
ton, D. C., in March, 1941. The com- 
mittee expects to hold a further meeting 
in Chicago, Ill., during the annual 
meeting. 

Mr. J. C. Pitzer has resigned as chair- 
man of Subcommittee II on Hardness 
Properties, and W. H. Gardner has been 
appointed in his place. 

Committee D-20 now has a member- 
ship of 72 voting members, representing 
an increase during the year of 7 voting 
members. 

Subsequent to the 1940 annual meet- 
ing, Committee D-20 presented to the 
Society through Committee E-10 on 
Standards a revision of the Tentative 
Methods of Test for Index of Refraction 
of Transparent Organic Plastics. This 
revision was accepted! by Committee 
E-10 on August 28, 1940, and the revised 
methods now appear in the 1940 Supple- 
ment to Book of A.S.T.M. Standards, 
Part III, p. 289, under the designation 
D 542 — 40 T. 


I. New TENTATIVE STANDARDS 


The committee recommends that the 
following new proposed methods of test 
be accepted for publication as tentative: 


1 In submitting this recommendation to Committee E-10 
on Standards, Committee D-20 reported results of the 
letter ballot vote as follows: Of a total membership of 64 
47 members returned their ballots, of whom 34 vote 
affirmatively, 1 negatively, and 12 marked their ballots 
“not voting.” 
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Methods of: 


Test for Deformation of Plastics Under Load 
at Elevated Temperatures.” 

Preconditioning Plastics and Electrical In- 
sulating Materials for Testing,’ prepared in co 
operation with Committee D-9 on Electrical 
Insulating Materials, and 

Test for Color Fastness of Plastics to Light’ 


II. REVISIONS OF TENTATIVE STANDARDS 


The committee recommends that the 
following tentative standards be revised 
as indicated below and continued as 
tentative: 


Tentative Method of Test for Flammability 
of Plastics (D 568 — 40 T)35 


Section 1.—Add the following at the 
end of this section: 


Two alternate methods of ignition are cov 
ered as follows: 
Method A.—Fusee Method, and 
Method B.—Benzol Drop Method. 


Section 2.Add a new Paragraph (d 
to read as follows: 


(d) Benzol.—Ordinary iaboratory grade ben- 
zene (CsH¢). 


Section 4.—Add a new italic heading 
at the beginning of Paragraph (a) to read 
“Fusee Method” and add a new sentence 


2 This method was accepted as tentative by the rc a 
and appears in the 1941 Supplement to Book of AS. 
Standards, Part III, p. 440. : Society 

3 This method was accepted as tentative by the ~ 
and appears in the 1941 Supplement to Book of A.S.1.% 
Standards, Part III, p. 320. . Society 

4 This method was accepted as tentative by yt ST * 
and pe Supplement to Book of 
Standards, Part , p. 430. 

£1940 Supplement to Book of A.S.T.M. Standards, 
Part III, p. 284. 
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at the end of this paragraph to read as 
follows: 


The square of fusee material shall be ignited 
by means of a safety match. 


Substitute for the first sentence of 
Paragraph (b) a new paragraph to read 
as follows: 

(b) Benzol Drop Method.—A drop of benzol 
shall be placed on the test specimen approxi- 
mately } in. above the lower edge of the speci- 
men, and allowed to run down to form a large 
drop on the blunt end without dripping off. 
This drop shall be ignited within 7 sec. after 
application to the test specimen with either of 
the following means: (/) A high potential, low 
energy spark such as delivered by an auto- 
mobile ignition coil, or (2) A safety match. 
After ignition, the door of the shield shall be 
closed immediately (Note). 


Section 5.—Add a new item 4 to be 
reported to read as follows: “‘(4) Method 
of ignition.” 

Tentative Method of Measuring Flow Tem- 


peratures of Thermoplastic Molding 
Materials (D 569 —- 40 T): 


Section 5 (e).—-Change the second 
sentence to read as follows by the addi- 


ABLE I.—ANALYSIS OF LETT ER BALLOT VOTE. 


Ballots 
\Affirma-| Nega- |Marked 
tive | tive | “Not 
Voting” 


Item 


I. New TENTATIVE STANDARDS| | 


Test for Deformation of Plas- | 
tics Under Load at Elev ated | 

_ Temperatures 37 3 9 

Preconditioning Plastics and | 
lectrical Insulating Ma- | 

terials for Testing 37 3 9 

est for Color Fastness of Plas-| 
$ to Light. . 


ll. Revisions ov TENTATIVE 
STANDARDS | 


Test for topry of Plas- | 
tics (D 568 - 40 T) | 44 


M 
easuring Flow Tempera- 


ires of Thermoplastic Mold-| | 
ng Materials (D 569 - 40 T)., 41 | 0 8 


tion of the italicized figures and the 


omission of those in brackets: 
Temperature shall be controlled within plus 
or minus 0.50 C. 
The recommendations appearing in 
report have been submitted to letter 


ballot of the committee which consists of 
67 voting members, with the results 
shown in Table I. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Strength Properties 
(M. H. Bigelow, chairman).—This sub- 
committee has completed its study of the 
tensile strength test method and the 
impact strength methods which have 
been submitted to letter ballot of the 
subcommittee. These methods will be 
referred to Committee D-9 on Electrical 
Insulating Materials for coordination 
with the Standard Methods of Testing 
Molded Materials Used for Electrical 
Insulation (D 48 - 39) and the Standard 
Methods of Test for Impact Resistance 
of Electrical Insulating Materials 
(D 256 — 38).? 

Subcommittee II on Hardness Proper- 
ties (W. H. Gardner, chairman).—In ad- 
dition to a continuation of the study of 
mar, scratch, and abrasion resistance of 
plastics, the subcommittee is undertak- 
ing the study of plastic bearing materials 
and their frictional properties, with a 
view to developing test methods. 

The subcommittee has also prepared 
a new proposed Tentative Method of 
Test for Deformation of Plastics Under 
Load at Elevated Temperatures which is 


being submitted to the society for pub- — 


lication as tentative, as appended hereto.? 
Subcommittee IT T on Thermal Proper- 
ties (W. A. Zinzow, chairman).—This — 
subcommittee has continued its activities 
in the study of the Tentative Method of 
Test for Measuring Flow Temperatures — 
of Thermoplastic Molding Materials | 
(D 569 —- 40 T), also procedures for the 
rate of burning, and softening point of 
plastics. A revision has been prepared 
for Tentative Method D 569 in order to 
broaden the temperature control from 
plus or minus 0.10 C. to plus or minus 


ah 1940 LSepinnnen to Book of A.S.T.M. Standards, Part 
286. 


7 ‘hee Editorial Notes, pp. 397 and 474. 
—— 


| 

oad 
In- | 
co- 
rica] 
RDS 
the 
ised 
as 
the 
1 (d) 
 ben- 
ding 
read 
tence 
Socie 
STM. 
Societ 
STM 
Society 
STM 
ndards, 


0.50 C. In addition, a revision adding a 
benzol drop method of ignition to the 
Tentative Method of Test for Flamma- 
bility of Plastics (D 568 - 40 T) has also 
been completed. Those recommenda- 
tions are referred to earlier in this report. 
Subcommittee IV on Optical Properties 
(W. F. Bartoe, chairman).—-A glossary 
of optical terms relating to plastics is in 
preparation. Round-robin tests are be- 
ing conducted on specimens in accord- 
ance with proposed methods of test for 
clarity, test for surface brightness, and 
test for surface irregularities. 

Subcommittee V on Permanence Proper- 
ties (G. M. Kline, chairman)..-A new 
proposed Tentative Method of Test for 
Color Fastness of Plastics to Light is be- 
ing submitted to the Society for publica- 
tion as tentative, as appended hereto.* 
Studies on evaluation of the weathering 
resistance of plastics, resistance of plas- 
tics to heat, permeability of water vapor 
by plastics, and simulation of service 
conditions are being conducted which, it 
is expected, will lead to the development 
of methods of test. 

Committee D-20 has approved the 
definition of “dry room conditions” as 


New Tentative Methods of: 
(D 635 41 7), 


Test for Surface Irregularities 
(D 637-41 T), 


Revision of Tentative Method of: 


4 
4 
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15 per cent relative humidity at 85 F. 
and “moist room conditions” as 75 per 
cent relative humidity at 77F. The 
committee has also approved the estab- 
lishment of a standard laboration atmos- 
phere for testing plastics of 50 + 2 per 
cent relative humidity at 77 + 2F., 
This subcommittee has approved the 
Proposed Method of Preconditioning 
Plastics and Electrical Insulating Mate- 
tials for Testing being submitted as 
tentative, as appended hereto.‘ This 
method was prepared in cooperation 
with Committee D-9 on Electrical In- 
sulating Materials and has been submit- 
ted to letter ballot of both committees. 


This report has been submitted to let- 
ter ballot of the committee which consists 
of 67 voting members; 48 members re- 
turned their ballots, of whom 45 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
W. E. EMLey, 
Chairman. 
W. A. Evans, 


Secretary 


EpITORIAL NOTE 


Subsequent to the annual meeting, Committee D-20 presented to the Society 
through Committee E-10 on Standards the following recommendations: 


Test for Flammability of Plastics, Over 0.050 in. in Thickness 


Test for Diffusion of Light by Plastics (D 636 — 41 T), 
of Flat Transparent Plastic Sheet 


Tension Testing of Plastics (D 638 — 41 T), _ _ 


Test for Resistance of Plastics to Chemical Reagents (D 543 - 39 T), and 
Tentative Revision of Standard Methods of: 

Test for Impact Resistance of Electrical Insulating Materials (D 256 — 38). 
These recommendations were accepted by Committee E-10 on August 
25, 1941, and the new tentative methods were assigned the A.S.T.M. serial 
- designations indicated above. The new and revised tentative standards as 
well as the tentative revision appear in the 1941 Supplement to Book of 

_ A.S.T.M. Standards, Part IIT, pp. 447, 433, 455, 457, 452, and 339. 
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While Committee E-1 on Methods of 
Testing has not met during the year, a 
number of the technical committees and 
their sections have been active and held 
meetings in Washington, D. C., in 
March, 1941, at the time of the spring 
group committee meetings. Meetings 
of Committee E-1 and a number of its 
sections will be held in Chicago, IIl., 
during this annual meeting at which time 

tion will be taken on various recom- 
mendations to be presented to the 
society through Committee E-10 on 
Standards. ‘These recommendations are 
referred to later in this report. 

[he Executive Committee of the 
Society appointed three representatives- 
-large to serve on the Advisory Com- 
mittee, namely, E. P. Partridge, Hall 
Laboratories, Inc., A. J. Phillips, Ameri- 

1 Smelting and Refining Co., and L. J. 
lrostel, General Refractories Co., each 
lor a three-year term, expiring in 1943. 

Hydrogen Ion Determinations.—Ar- 
rangements have been made for the 
organization of a new Technical Com- 
mittee XII1 on Hydrogen Ion Determi- 
nations authorized last year by the 
Advisory Committee on the recommen- 
dation of the Executive Committee of 
the Society. This meeting will be held 
in Chicago, Ill., during the 1941 annual 
meeting under the chairmanship of E. B. 
Ashcraft, In Charge, Micro-chemical 
and Spectrographic Laboratory, West- 

inghouse Research Laboratories. At this 
meeting opportunity will be provided 
for 4 general discussion of the problems 
involved, looking toward the formulation 
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of a program of work. The measure- 
ment of pH value is widely used in the 
control of chemical and _ industrial 
processes, and it is considered one of the 
significant items in the study of corrosion 
of metals exposed to either atmospheric 
or sub-aqueous environments. In view 
of the increasing interest in the proper 
significance and interpretation of the pH 
value of a solution, the initiation of work 
on this subject would appear to be 
particularly timely. 

The personnel of the committee at 
present includes the following represen- 
tatives designated by A.S.T.M. standing 
committees: 


W. D. Appel, representing Committee D-13 
on Textile Materials, 

P. H. Dike, representing Committee D-9 on 
Electrical Insulating Materials, 

W. E. Emley, representing Committees D-6 
on Paper and Paper Products and D-20 on 
Plastics, 

M. S. Kantrowitz, representing Committee 
D-6, 

H. C. Miller, representing Committee D-19 
on Water for Industrial Uses, 

Paul Rapp, representing Committee D-18 on 
Soils for Engineering Purposes, 

H. E. Smith, representing Committee D-1 on 
Paint, Varnish, Lacquer, and Related 
Products, 

W. P. Tyler, representing Committee D-11 on 
Rubber Products, and 

B. S. Van Zile, representing Committee D-12 
on Soaps and Other Detergents. 


In addition to the above, special 
advisory members and others especially 
qualified by experience in pH measure- 
ments will be included in the personnel — 
of the committee. 
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Technical Committee I on Mechanical 
Testing (H. F. Moore, chairman): 


Herewith is presented a brief summary 
of the work of the various sections of 
this technical committee during the 
past year. 

Section on Tension Testing (R. L. 
Templin, Chairman).—This section held 
a meeting on March 5, 1941, at which 
consideration was given to the criticisms 
which have been received concerning the 
Tentative Methods of Tension Testing 
of Metallic Materials (E 8-40T). The 
section has under consideration methods 
for testing material less than 0.010 in. 
thick and material less than ? in. wide, 
as well as round specimens larger in 
diameter than the 3-in. diameter size. 
The effects of the relation of the gage 
length to the cross-sectional area of the 
specimen upon the elongation value ob- 
tained has been studied by some of the 
members, and a report on “Effect of 
Specimen Shape and Size on Measured 
Values of Tensile Properties” by G. F. 


; Jenks appears in Appendix I to this 
report. 


The section will welcome any con- 
criticism of the Tentative 
Methods of Tension Testing of Metallic 
Materials (EF 8-40 T), as it desires to 
advance the tentative methods to stand- 
ard as soon as such action is justified. 

Section on Compression Testing (M. F. 
Sayre, chairman).—This section is con- 
sidering the revision of the Tentative 
Methods of Compression Testing of 
Metallic Materials (E9-337T). Fur- 
ther consideration will be given to this 
at a meeting of the section to be held 
during the annual meeting, following 
which it may be possible to present a 
recommendation to the main committee 
for submission to the Society. 

Section on Indentation Hardness (J. R. 
Townsend, chairman.—This section 
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held a meeting during the group meetings 
in Washington, D. C., this year. At 
that time, the holding of a Symposium 
on Hardness Testing at the 1941 annual 
meeting of the Society was considered. 
It was found that owing to the great 
pressure of work due to the Defence 
Program it was not feasible to secure 
persons to present the desired papers 
at that meeting. 

At the meeting in Washington the 
matter of correlation of several types of 
hardness tests was discussed and data on 
this subject are being collected by the 
section. It is felt that some further 
revision may be necessary in the Tenta- 
tive Method of Test for Rockwell Super- 
ficial Hardness of Metallic Materials 
(E18-39T), and it is accordingly 
recommended that it be continued in 
the tentative status. 

Section on Flexure Testing (H. F. 
Clemmer, chairman).—This section has 
been considering an extensive tabula- 
tion of all flexure tests now in the 
A.S.T.M. standards and plans to hold a 
meeting during the annual meeting in 
Chicago to formulate a program of work 
based on this tabulation. 

This section has been very much in- 
terested in the studies being made at the 
National Bureau of Standardsas reported 
in the paper by John Tucker, Jr., on 
“Statistical Theory of the Effect of Di- 
mensions and of Method of Loading Upon 
the Modulus of Rupture of Beams,” 
to be presented at this annual meeting. 

Section on Impact Testing (W. W. 
Werring, chairman).—During the past 
year there has been formulated a pro- 
posed revision of the Tentative Methods 
of Impact Testing of Metallic Materials 
(E 23-34T). This revision was 4p- 
proved by letter ballot of the Impact 
Section and by Technical Committee I 
on Mechanical Testing. The proposed 


1 See p. 1072. 
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tentative methods have been submitted 
to Committee E-1 and will be considered 
by the committee at its meeting during 
this annual meeting. After approval 
by letter ballot the revised methods 
will be presented to the Society through 
Committee E-10 on Standards for pub- 
lication this year as tentative. 

Section on Effect of Speed of Testing 
(Pp. G. McVetty, chairman).—This sec- 
tion has been considering the extensive 
discussion of the effect of speed of testing 
which was held at the 1940 meeting. It 
seems evident that some specification 
other than that of speed of head of testing 
machine must be used to specify speed 
of testing. In the paper on “An Inves- 
tigation of the Effect of Rate of Strain on 
the Results of Tension Tests of Metals,’ 
by Paul G. Jones and H. F. Moore pre- 
sented at the 1940 annual meeting, a 
method for estimating rate of strain was 
discussed. Such a method is suggested 
by these same authors in a report on 
“Effect of Rate of Strain on Yield 
Strength, Tensile Strength, Elongation, 
and Reduction of Area in Tension Tests” 
which appears in Appendix II to this 
report. This method does not involve 
the use of special apparatus other than 
an extensometer and a stop watch. It is 
a modification of a method suggested by 
M. O. Withey of the University of Wis- 
consin in connection with the report of 


the Research Committee on Yield Point. 


of Structural Steel which finished its 
work some years ago. 

Section on Elastic Strength (F. B. 
Seely, chairman).—This section has been 
concerned with the significance of limits 
of deviations, either involving small 
permanent set or slight deviation from 
Hooke’s law—deviations smaller than 
those considered significant for deter- 
mining “yield strength.” It has also 
been considering the use of the term 


won “edines, Am. Soc. Testing Mats., Vol. 40, p. 610 
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“proof stress,’ which occasionally is 
found in specifications and which seems 
to be used with several different mean- 
ings. At the present time the section 
is trying to formulate definitions on these 


matters which will be definite and which © 


will involve a minimum of conflict with 
definitions now in actual use. 

Section on Calibration of Testing Ma- 
chines and Apparatus (H. F. Moore, 
chairman).—This section held a meeting 
during the spring group meetings in 
Washington. At that time it considered 
the first draft of proposed tentative 
standard for the calibration of extensom- 
eters. 


This draft was, in general, ap-— 


proved by those present, but certain — 


minor revisions seemed desirable and the 
proposed tentative standard is to be sub- 
mitted to letter ballot of the section 
when the revisions are completed. In 
considering the calibration of extensom- 
eters, the section has an advantage of 


gene C. Bingham, chairman): 


The revised Tentative Definitions of 
Terms Relating to Rheological Proper- 
ties of Matter (E 24—-40T) are now 
before the Society in tentative form. 
They have been the subject of discussion 
for from five to ten years as they have 
been elsewhere, as in the Society of 
Rheology. This discussion is valuable, 
particularly in stimulating 


being in an unworked field so that it is 

hoped that it may formulate standards 

without conflict with standards already 

in use. 

Technical Committee II on Consistency, 
Plasticity, and Related Properties (Eu- 


research. 


thought of anything approaching finality. 

It is significant to report active work 
of members of this Society directed to- 
ward the more exact measurement of the 


The Society of Rheology has adopted 
working definitions but there is no 


flow of engineering materials and the 
correlation of the many flow tests now 
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being used in industry. One of the first 
steps has been to determine whether the 
results of a given test are a simple or a 
complex function of the fluidity, possibly 
containing other parameters, such as the 
yield value, elasticity, etc. 

This committee at its meeting in June, 
1940, appointed a Special Research 
Committee on Industrial Flow Tests un- 
der the chairmanship of Robert Burns, 
Bell Telephone Laboratories, to devise a 
plan for accelerating this fundamental 
work. The special committee decided 
to request a small grant of money from 
the A.S.T.M. Research Fund to facilitate 
the initiation of the project. This re- 
quest was granted by Committee E-9 
on Research and the sum of $500 has been 
placed at the disposal of the committee. 
The money is being used in a preliminary 
investigation, in the hope that results 
may be obtained which will justify a 
further and more extensive investigation. 
Because of its wide use and its favorable 
showing, the ring-and-ball softening 
point test was selected for study, com- 
paring results obtained with it with 
those obtained with various types of 
viscosimeters, of which the capillary 
tube type and the rotating cylinder type 
are familiar. 

This work is already under way in the 
recently established Rheological Labora- 
tory at the Brooklyn Polytechnic In- 
stitute by H. Mark under the super- 
vision of W. H. Gardner, in charge of 
the department and a member of the 
special committee. 

The above work on a single technical 
test is purposely a very limited project 
in order that measurable results may be 
obtained with limited effort. The larger 
problem of measuring the flow in absolute 
units of certain types of colloids, and of 
metals and their alloys is far more 
baffling and may require much patient 
effort. 
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Technical Committee III on Particle Size 
and Shape (L. T. Work, chairman): 


A meeting of the Section on Pigment. 
Type Materials (C. E. Barnett, chair- 
man) was held in April, 1940, in Cin- 
cinnati, Ohio, at which time the experi- 
mental background of the original and 
the work on the revision of the Tentative 
Method of Test for the Particle Size 
Distribution of Subsieve Size Particulate 
Substances (E 20 —- 33 T) was discussed. 
It was concluded that the present state 
of knowledge did not justify retaining 
the method as tentative. A cooperative 
program was outlined to study some of 
the points which have been raised in the 
literature against the fundamental prin- 
ciples involved in size measurements of 
particulate materials with the micro- 
scope. This program is making fair prog- 
ress and while the section is not yet 
ready to report on the work, it feels that 
results so far are sufficiently encouraging 
to justify continuing Method E-20 ir 
its present status. 

Under the sponsorship of this section a 
Symposium on New Methods for Particle 
Size Determinations in the Subsieve 
Range was held in Washington, D. C., 
on March 4, during the 1941 spring 
meetings. The symposium included 
seven papers, as follows: 


“The Shape and Surface of Fine Powders by 
the Permeability Method,” by P. C. Carman, 
University of Capetown, 

“Surface Area of Portland Cement,” by P. S. 
Roller, U. S. Bureau of Mines and P. V. Roundy, 
Jr., American Instrument Co., pr 

“Methods for Determining Particle Siz 
Distribution,” by Lincoln T. Work, Metal and 
Thermit Corporation and Herbert E. Schweyer, 
Columbia University, 

“RCA Electron Microscope,” by James 
Hillier, RCA Manufacturing Company, : 

“The Absorption of Pigments,” by W. W. 
Ewing, Lehigh University, 

“\ New Method for Measuring the Surface 
Areas of Finely Divided Materials and Its Use 
in Determining the Size of Particles,” by P. H. 
Emmett, Johns Hopkins University, and 
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“The Determination of Subseive Particle 
Size Distributions by Sedimentation Methods,” 
by S. W. Martin, National Lead Company. 

The Section on Sieves (A. A. Klein, 
chairman) and the Section on Ground 
Products (L. T. Work, chairman) are 
merely watching developments and con- 
template no immediate efforts in the 
development of new standards. 


Technical Committee IX on Interpreta- 
tion and Presentation of Data (H. F. 
Dodge, chairman): 

During the past year this technical 
mmittee has continued to serve in an 
ulvisory capacity to several standing 
committees of the Society on problems 
relating to the use of statistical methods 

n the analysis and presentation of data. 

The Manual Committee has made some 

progress in a revision of the A.S.T.M. 

Manual on Presentation of Data. This 

revision will be in the nature of an addi- 

tional supplement dealing with the 
question of sampling errors of averages. 

\s this work had not been completed 
ind since the available stock of the 
August, 1940, printing of the Data 

Manual was exhausted early in 1941, the 

manual was again reprinted in March, 

1941. In this reprinting the opportunity 

was taken to correct two values in Table 

I of Supplement B which were in error 
in the August, 1940, printing. Per- 
mission was granted to Emergency 
Technical Committee Z-1 on Quality 
Control to reproduce Supplement B of 
the A.S.T.M. Data Manual as an appen- 
lix to the Proposed American Defense 
Emergency Standard Control Chart 
Method of Analyzing Data, being pre- 
pared under the auspices of the American 
Standards Association. 


Technical Committee X on Conditioning 


and Weathering (Robert Burns, 
chairman): 


In May, 1940, this technical committee 
"as expanded in scope and personnel 
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to cover activities in weathering as well © 
as conditioning fields under the new oa 
given above. Several standing com- 
mittees not previously represented have — 
appointed members to serve on the 
expanded committee. 

This committee has maintained close 
contact with all standing pronase 
concerned with conditioning and weath- 
ering and has rendered advice and assis- 
tance. In several instances duplication 
has been avoided and in others ia 
information has been interchanged be- 
tween committees as well as with other 
engineering societies. 

In accordance with the committee’s 
policy of standardizing important items 
in the field of atmospheric influences, 
the members are now reviewing proposed 
Tentative Definitions, Tables, and Re- 
lated Items in Conditioning and Weath- 
ering. The purpose of this method is to 
obtain Society-wide recognition and use 
of any items originated by standing 
committees which are broadly applicable 
to industry as a whole. Upon such a 
method and future revisions thereof the 
materials testing technician can rely 
for a comprehensive picture of the So- 
ciety’s accomplishment in this field. 
The proposed definitions contain the 
following: 


1. Definition of “Conditioning,” prepared by 
Technical Committee X, 

2. Definition of “Average Room Conditions,” 
prepared by Committee D-9 on Electrical 
Insulating Materials, 

3. Definition of “Dry Room Conditions,” 
prepared by Committee D-9 and Committee 
D-20 on Plastics, 

4. Definition of “Moist Room Conditions,” 
prepared by Committees D-9 and D-20, 

5. Psychrometric methods, definitions, and 
tables, prepared by Committee D-13 on Textile 
Materials, 

6. Determination of room temperature, pre- 
pared by Committee D-9, 

7. Establishment of standard laboratory 
atmosphere, prepared by Committees D-9 and 
D-20, and 

8. Appendix of useful information, 
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Technical Committee XI on Designation 
and Interpretation of Numerical Re- 
quirements (J. A. Gann, chairman): 
its docket but is awaiting an evaluation 
of the recommended practices by the 


various committees of the Society. 


This technical committee has held no 
meetings since March 6, 1940, at which 
time it completed the preparation of the 
Tentative Recommended Practices for 
Designation of Numerical Requirements 
in Standards (E 29-40 7T) which were 
accepted by the Society at the 1940 
annual meeting for publication as tenta- 
tive. 

The committee trusts that these tenta- 
tive recommended practices will be care- 
_ fully studied by the standing committees 
and will be used by them in the prepara- 
tion of A.S.T.M. specifications. Such 
use will demonstrate the practicability of 
these recommended practices, as well as 
disclose any shortcomings inthem. The 
committee has no immediate program on 


_ Technical Committee XII on Laboratory 
Apparatus (W. H. Fulweiler, chair- 
man): 

A meeting of this technical committee 
and several of its sections was held in 

Washington, D. C., on March 5, 1941. 

In view of the variety of apparatus 
now specified in A.S.T.M. standards, and 
the increasing additions resulting from 
the development of new apparatus in the 
preparation of new methods of test, it 
has been considered desirable to have 
available detailed information as to the 
sources of special apparatus prescribed 
in Society standards. In this endeavor 
the Scientific Apparatus Makers of 
America is cooperating. 

The technical committee, after review- 
ing the form in which dimensional re- 
quirements for laboratory apparatus 
appear in A.S.T.M. standards, has indi- 
cated that, in general, use should be 
made of dimensional drawings showing 


permissible variations and significant 
details of laboratory apparatus jn 
preference to including such information 
in the text. 

At the meeting of the technical com- 
mittee held during this annual meeting 
action was taken to present to Commit- 
tee E-1, for submission to the Society, a 
resolution*® concerning the matter of 
priorities during the National Emergency 
for the securing of critical materials 
required for use in manufacturing scien- 
tific laboratory apparatus. 

Section A on Thermometers (R. M. 
Wilhelm, chairman).— This section has 
been very active during the year. At 
the March meeting in Washington 
agreement was reached on detailed 
specification requirements for the titer 
test thermometer. These specifications 
were prepared in cooperation with the 
American Oil Chemists Society, and 
A.S.T.M. Committee D-12 on Soaps and 
Other Detergents. These specifications, 
as appended hereto‘ as information, have 
been submitted to Committee E-1 for 
approval at the June meeting following 
which they will be presented to the 
Society for publication as_ tentative 
through Committee E-10 on Standards.’ 

The section has also recommended 
that the specifications for the three 
aniline point thermometers, appended 
hereto as information,’ be published as 
tentative. The requirements for these 
thermometers have been prepared in 
cooperation with Committee D-2 on 
Petroleum Products and Lubricants and 
are required for use in connection with 
the proposed Tentative Method of Test 
for Aniline Point of Petroleum Products. 
Studies now under way at the National 
Bureau of Standards on the average 

3 This resolution as adopted by the Society appears wh 
the Summary of Proceedings, see p. 30. 

4 These specifications were accepted as tentative by the 
Society and appear in the 1941 oe to Book 
A.S.T.M. Standards, Parts II and II 

5 See Editorial Note, p. 482. 


61941 Supplement to Book of A.S.T.M. Standards, 
Part III, p. 257. 
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equivalent stem temperatures of this 
thermometer are expected to result in a 
further revision of these specifications. 
It is expected that this information will 
be available at the June meeting for 
inclusion in the specifications which will 
be acted on at that time for submission 
to the Society as tentative through 
Committee E-10.° 

The section has recommended the 
following note for inclusion in connection 
with the tung oil and turpentine distilla- 
tion thermometers, and ther- 
mometer for stability test of soluble 
nitrocellulose appearing in Specifications 
E1-40T and E1-39, respectively: 

NotEe.—Due to the application requirements 
for range and construction of this thermometer, 
it is not practicable to include reference points. 
Therefore, the National Bureau of Standards 


will issue a report instead of a certificate for this 
instrument. 


A revision has been prepared in the 
requirements for the A.S.T.M. high 
distillation thermometer E1 (8C — 39) 
and E1 (8F - 39) as prescribed in the 
Standard Specifications for A.S.T.M. 
Thermometers (E 1-39). The pro- 
posed revision will change the distance 
from the bottom of the bulb to the 
graduation line at 0 C. or 32 F. from the 
present specified dimension of “25 to 
35 mm. (0.98 to 1.38 in.)” to a distance 
of “35 to 45 mm. (1.38 to 1.77 in.).” 
This proposed revision is being published 
it this time only as information. The 
committee plans to recommend this 
change for formal adoption as standard 
by the Society at the 1942 annual meet- 
ing to become effective, if approved, as of 
December 1, 1942. 

A revision has also been proposed by 
the committee in the requirements for 
the A.S.T.M. open flash thermometer 
E 1 (11C-39) and E 1 (11F - 39). 

his proposed revision will reduce the 
length of the bulb from the present 
specified requirement of “not over 13 


4 On METHODS oF TESTING 


mm. (0.51 in.)” to read ‘“‘not over 10 
mm. (0.39 in.).”” This change is also 
published as information and will be 
presented to the Society at the 1942 
annual meeting to become effective, if 
approved, as of December 1, 1942. 

The committee has also approved for 
publication as information in this report 
the following note with reference to the 
standardization of the A.S.T.M. kine 
matic viscosity thermometer covered by 
the Tentative Specifications for A.S. 
T.M. Thermometers (E 1-40 T): 


Two methods have been in use for determin- 
ing the ice point on thermometers graduated 
fractionally and with an open scale such as those 
of the Kinematic type. One method requires 
that the thermometer remain at approximately 
room temperature for 72 hrs. before the ice 
point is taken. The other stipulates that the 
ice point reading be taken immediately or within 
a definitely stated short period after heating to 
the test temperature. Changes in the correc- 
tion of the thermometer may be observed by 
determining the changes in the ice point by 
either method. 

Since it may not be practical to wait until 
the thermometer has rested for three or more 
days, the method as outlined below was sug- 
gested. These instructions are given in the 
form of a note which should appear in the table 
of corrections for the thermometer. 

Notre.—The tabulated corrections apply for 
the condition of immersion’ indicated provided 
the ice point reading taken after heating to 
ee for not less than three minutesis ....... 

If the ice point reading (taken in not less than 
2 min. and not more than 5 min. after removal 
of the thermometer from the heated bath) is 
found to be higher (or lower) than stated, all 
other readings will be higher (or lower) to the 
same extent. 


Consideration is being given, in co- 
operation with the National Bureau of 
Standards, to ice point determinations 
on A.S.T.M. kinematic viscosity ther- 
mometers. A study is being made of 
the desirability of limiting the maximum 
bulb length for the A.S.T.M. open flash 
thermometer. The section has received 
a request from Committee D-3 on 
Gaseous Fuels in connection with speci- 
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fications for calorimetric thermometers 
for flow calorimeters. 

Section B on Hydrometers (J. P. Bader, 
chairman).—The chairman of this sec- 
tion in cooperation with a representative 
from the National Bureau of Standards 
has in preparation a paper on “Testing 
of Hydrometers” for publication as an 
appendix to the 1942 report. In addi- 
tion to discussing in detail methods of 
testing hydrometers, the paper will 
discuss the origin and history of hydrom- 
eter scales, particularly the A.P.I. 
scale; also various arbitrary scales and 
formulas for calculating specific gravity 
equivalents and vice-versa. 

Section C on Volumetric Glassware (J. J. 
Moran, chairman).— A paper on “Meth- 
ods of Testing Volumetric Glassware” 
prepared by the chairman of this section 
appears as Appendix III to this report. 

This section has during the year con- 
Berens to cooperate with several of the 

standing committees in reviewing copies 
of new and revised methods containing 
requirements for calibrated glass 
apparatus. 

Section D on Laboratory Glassware 
This sec- 


(F. F. Shetterly, chairman). 
tion has reviewed and proposed improve- 


Revision of Tentative: 


ments in requirements for certain pieces 
of laboratory glassware appearing jn 
several existing A.S.T.M. methods, 
These recommendations have been syb- 
mitted to the standing committees 
responsible for the methods in question, 

Section E on Ceramic Apparatus (H. 
W. Ryland, chairman) and Section F on 
Metalware Apparatus (J. E. Patterson, 
chairman).—These sections which were 
organized last year are prepared to serve 
in an advisory capacity to the standing 
committees on any matters dealing with 
questions covering ceramic and metal- 
ware apparatus that may be developed 
in connection with A.S.T.M. test 
methods. 


This report has been submitted to 
letter ballot of the committee which 
consists of 52 members; 29 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
W. H. 
Chairman. 
P. J. Smiru, 
Ex-offi cio Secretary. 


we 


-EprroriAL Nore 


Subsequent to the annual meeting, Committee E-1 presented to the Society 
through Committee E-10 on Standards the following recommendations: 


Specifications for A.S.T.M. Thermometers (E 1 — 40 T), and 


Methods of Impact Testing of Metallic Materials (E 23 —- 40 T), _ 


Tentative Revision of Standard: 


Specifications for A.S.T.M. Thermometers (E 1 — 39). 
These recommendations were accepted by Committee E-10 on August 25, 
1941, and the revised tentative standards and tentative revision appear in the 


1941 Supplement to Book of A.S.T.M. Standards, Part I, p. 572, Part Il, 


pp. 409 and 426, and Part III, pp. 619 and 639. _ —_ 
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EFFECT OF SPECIMEN SHAPE AND SIZE ON MEASURED VALUES OF 
PROPERTIES! 


TENSILE 


Three brands of low- athe steel plates 
f five thicknesses were tested using 
round and flat specimens. Both longi- 
tudinal and transverse properties were 
measured for three thicknesses and 
mgitudinal properties only for two 
thicknesses. 

The round specimens used were 0.357 
n. in diameter for plates § in. and greater 
in thickness, 0.252 in. in diameter for 
plates 0.345 in. thick and 0.178 in. in 
diameter for plates 0.210-in. thick. In 
all cases the gage length was equal to 
+.5\/A, where A is the area of the test 
specimen. 

Two series of flat specimens were used, 
one 0.75 in. and the other 1.5 in. in 

idth. The gage section was tapered 
toward the center by approximately 
0.030 in. in order that the break would 
occur at a point midway between the 
gage marks. The gage lengths used 
were 1.0 in., 2.0 in., 4.0 in., and the 
ength calculated from the ratio L 
= 45 VA. 

The data obtained in the tests are 
shown in Tables I, I], and II. Each 

alue given is the average of three values, 
‘ree specimens being tested for each 

ndition. The variations between spec- 
imens were normal for uniform material. 


The tables indicate the brands and 
thicknesses used. 


Publication authorized th 
* Colonel, Ordnance Dept. U. yates 


Discussion: 


The yield strength (0.1 per cent offset) 
in comparison with that from round spec- 
imens was found to average 186 psi. 
less on the 0.75-in. flat specimen and 7 
1882 psi. less on the 1.5-in. flat specimen. © 

There was no appreciable difference | 
in yield strength for specimens taken 
longitudinally and transversely. 

The variations in measured tensile 
strength were much greater. There was 
no appreciable difference in values for the 
two widths of flat specimens. The re- 
sults obtained with flat specimens were 
about 5 per cent higher in the case of 


the 3-in. plates but were lower for the 


other thicknesses. The average varia- 
tion for all thickness is small for both 
widths of specimens. 

For different shapes and sizes of 
specimens in which L = 4.5\/A, 
average variations in elongation are not 
appreciable. The 0.75-in. specimen’ 
averaged 0.05 per cent greater and the 
1.5-in. specimens averaged 0.02 per cent 
less elongation than the round speci- 
mens. The extreme variation in elonga- 
tion was 0.4 per cent or 1.6 per cent of 
the measured elongation. This per- 
centage variation is about one-third of 
the extreme percentage variation in 
tensile strength and occurred in the same 
material. 

Of greater interest is the wide spread 
of elongation values for various gage 
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‘TABLE 1.—CO 


REporT OF ComMITTEE E-1 (APPENDIX I) 


MPARATIVE TENSILE PROPERTias Ts ROUND AND FLAT TEST SPECIMENS, ROLLED 


Yield cent Tensile Strength, pai. 
Grade ness, in Flat Specimens Flat Specimens 
Round |——— Round |——— 
Specimens) 0.75-in. 1.5-in. |Specimens) 0.75-in. | 1.5-ip 
So | Wide Wide Wide Wide 
é Seer % Longitudinal 66 580 65 830 63 500 91 860 96 300 96 000 
Transverse 65 580 66 280 63 700 91 460 96 630 | 96300 
% Longutidinal 64 500 64 000 62 000 93900 | 92700 | 91760 
Transverse 65 500 65 000 61 000 93 700 92800 | 91430 
% Longitudinal 54080 | 54160 54 750 80260 | 77630 | 177430 
Transverse 53 920 53 000 53 920 80060 | 76600 | 76930 
} ee ere 0.345 Longitudinal 80 200 81 400 116 400 | 114 900 
eee 0.210 Longitudinal 80800 | 80000 114.400 | 111 500 
L 
TABLE II.—ELONGATION AS A FUNCTION OF Va FOR VARIOUS COMPOSITIONS, PLATE THICK- 
NESSES, SPECIMEN SIZES, AND DIRECTION OF FIBER. 
Round Specimens 
Flat Specimen Flat Specimen a 
0.75-in. Wide 1.5-in. Wide 0.357-in. | 0.252-in. | 0.178-in, 
Diam. Diam. Diam. 
rade ness, in. | Gage Gage 
Leet, Elonga- Elonga- | Elonga- | Elonga- | Elonga- 
tion, : tion, tion, tion, tion, 
L percent| JL per cent | per cent | per cent | per cent 
VA VA 
Navy HT % 1.5 55.3 1.03 62.3 
Longitudinal 2.9 34.3 2.06 41.8 
4.5 25.7 4.5 24.9 25.3 
Navy Hl 5% 1.5 47.7 1.03 57.3 
Transverse 2.9 30.7 2.06 38.2 ; 
4.12 24.0 
4.5 23.1 4.5 23.3 23.0 
Yoloy % 1.6 45.0 1.15 48.7 
Longitudinal 3.2 30.3 2.3 36.3 
4.5 24.3 4.5 24.4 24.1 
6.4 20.3 
Yoloy 1.6 42.0 1.15 43.0 
Transverse — 3.2 27.4 2.3 32.2 nee 
J 4.5 2.3 4.5 22.1 22.1 
J 6.4 19.6 
Navy HT 1.9 49.3 1.33 60.0 
Longitudinal 3.8 32.7 2.67 41.8 ast 
4.5 29.4 4.5 29.3 29.6 
7.6 22.5 5.33 28.3 ‘ 
Navy HT % 1.9 46.2 1.33 $1.7 ‘ 
Transverse 3.8 30.8 2.67 37.7 eis 
4.5 27.5 4.5 27.8 2.7 
7.6 21.0 5.33 26.2 me 
Nat. Tube | 0.345 2.0 38.0 
Longitudinal 3.9 23.5 
4.5 22.3 
7.9 19.0 
Nat. Tube _ 0.210 2.5 32.0 
Longitudinal 4.5 20.2 
5.0 19.3 
10.0 15.0 
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lengths and for various ratios of 


L 


VA 


In Fig. 1 is plotted the elongation as 
a function of gage length. 


In the graph 


TABLE III.-ELONGATION AS A FUNCTION OF 


GAGE LENGTH, AND SPECIMEN SIZE FOR 
VARIOUS COMPOSITIONS. 
i 
pecimen pecimen 
0.75-in. Wide| 1.5-in. Wide | 3.52 
Grade a 
es |esles 
| BB] ee] ca 
Navy HT S180 
Longitudinal 2.0 | 34.3 | 2.0 MB 
40 | 2.81 
4.36% | 24.9 | 25.3 
Transverse 2.0 30.7 | 2.0 
4.0 | 19.6] 4.0 | 24.0] .... 
4.36% | 23.3 | 23.0 
Yoloy % 11.0 | 45.0] 1.0 48.7 
Longitudinal 2.0 | 30.3 | 2.0 
2.75%] 24.3 | 3.92% | 24.4 | 24.1 
Yoloy ¥% | 42.0] 1.0 | 43.0] .... 
Transverse 2.0 | 27.4 | 2.0 ci) 
2.75%] 22.2 | 3.92% | 22.1 | 22.1 
Navy HT % |1.0 | 49.3] 1.0 | 60.0 
Longitudinal 2.0 | 32.7 | 2.0 
2.4% | 29.4 | 3.375%] 29.3 | 29.6 
Navy HT % 11.0 | 46.2] 1.0 | 51.7 
Transverse 26 123126 | 8.7) .... 
2.4% | 27.5 | 3.375¢| 27.8 | 27.7 
46 170148 | 
Nat. Tube _ 0.345| 1.0 | 38.0 
Longitudinal 2.0 | 23.5 ie 
2.28%) 22.3 22.3 
4.0 | 19.0 oes 
Nat. Tube 0.210, 1.0 | 32.0 
Longitudinal 1.8% | 20.2 20.2 
2.0 | 19.3 Sa 
4.0 | 15.0 


L 
* Gage length for wa = 4.5. 


In the 


val 


gage lengths of —— = 4.5. 
VA 


case of the round specimens, the elongation 
ues reported were determined on specimens having 


the solid dots represent elongation value 
for round specimens in which L = 
45VA. The results obtained for 0.75-in. 
*pecimens are plotted by a single circle 
and those from 1.5-in. specimens by a 


double circle. The plotted curves in- 
dicate differences between steels. 

In Fig. 2 the same elongation values 
are shown as a function of the ratio 


VA 
material the influence of specimen shape 


L 
4.5. Un- 


fortunately the tests with 1.5-in. speci- 
mens were not carried out for gage 
lengths of 8 in., the standard gage length 
of A.S.T.M. specimens. 

For round specimens, A.S.T.M. prac- 


It will be noted that for any 


is extremely small for 


VA as 
indicated in Section 7 of the Tentative 
Methods of Tension Testing of Metallic 
Materials (E8-—40T).2 For flat speci- 
mens there is no common practice in this j 
respect. Section 4 of Methods E 8 —- 40 T 
specifies a gage length of 8 in. irrespective _ 
of thickness for thicknesses of 3 in. 
or over. Specifications, such as the 
A.S.T.M. Standard Specifications for 

Steel for Bridges and Buildings (A 7 - _ 
39),3 for Structural Nickel Steel (A 8 - 

for Mild Steel Plates (A 10 — 39),3. 

and for Low-Carbon Nickel-Steel Plates © 

for Boilers and Other Pressure Vessels 

(A 203 — authorize allowances in 
specified elongation values for variation — 

in thickness. For thickness of ¢ in., 


tice specifies a fixed ratio for 


in which - - is 7.5, and for thickness of 


VA 
zs in which VA is 11.7, the eel 
value of the elongation holds. When 
A.S.T.M._ specifications provide for 


round tension specimens, the elongation | 
is specified separately for that speci- 
men. 


The ratio 


21940 Supplement to Book of A.S.T.M. Standards, 
Part I, p. 453. 
2 1939 Book of A.S.T.M. Standards, Part I. 


4.5 holds for a flat 
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specimen slightly over 2-in. thick with 
the 8-in gage length. 


For such thick- 


culated by the rule of Section 8 (a) in 
A.S.T.M. Specifications A 8 - 39 would 


// 


oO 


/1;pYoloy -A' "Plate: Trans. 1.5 by 0.5in. 


T 


Novy Grade HT- Ye"Plole, Long. 0 75 by O. 625in 
——— Navy Grade HT -/e"Plate; Long. 1.5 by 0.625:n. 
— — Navy Grade HI "Plate; Trans.0.75 by 0.625 in. 

== Navy Grade HT -Ys"Plate; Trans. /.5 by 0.625in. | 

—— Navy Grade HT -3/g"Plate; Long. 0.75 by 0.375in. 
/ Navy Grade HT - Ya" Plate, Long. 1.5 by 0.375in. 
Navy Grade HT-¥e"Plate ; Trans.0.75 by 0.375in. 
Navy Grade HT-¥e"Plate Trans. 1.5 by 0.375in. 
-Yoloy -2"Plate ; Long. 0.75 by 0.51n 
Long. 1.5 by 0.5in 
Yoloy - ¥2Plate; Trans.0.75 by O.5in 


| 


+1. Tube -0.345" Plate; 
0.75 by 0. 345in._ 
a 


f | 


Not 1. Tube- -0. 2/0" Plate; 
Long. 0.75 by 0.2/0 in. 


oO 


Elongation, percent 


nN 


= 


nesses the round specimen would prob- 
ably be used as more economical to test. 
The elongation correction factor cal- 
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Gage Length, 
Fic. 1.—Comparison Curves Showing aii versus Gage Length. 
Round and Flat Specimens 


be 5 per cent (decrease in required v value). 
Some of the steels tested were equivalent 
to the grade covered by A.S.T.M. Speci- 
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fications A 203-39, where the elongation 
correction factor is of the same amount. 
The curves of Fig. 2 indicate a difference 
in elongation values corresponding to 


L 
- = 4.5 and those of 7.5 or greater 


steel. 


In that case it is important that 


the ratio remain constant. The 


VA 
A.S.T.M. flat specimens are of undesir- 
able shape because of the large correc- 


tion factor necessary to compare results 


\ 
which approximate these correction with those obtained from the round test 
factors. “= specimens used in testing forged steel. 
0 
2 
3 
Aff 
4 Navy HT Plate, Longitudinal 
Navy HT %'Plate, Transverse 
5 Tt * Yoloy Plate, Longitudinal — 
x Yoloy /2Plate, Transverse 
4 Navy HT ¥s'Plote, Longitudinal — 
| / NavyHT ¥/e"Plate, Transverse 
rit fy © Not Tube 0.345 
i © Not Tube 0.2/0"Plate | 
8 1 Flat Specimen /.5in.inWidth 
——— Flat Specimen 0.75in. in Width 
9 
10 
0 0-20 30 40 50 60 


Elongation, per cent 


L 
_ Fic. 2.—Elongation of Several Steels Measured for Various Values of VA 


It will be noted that 0.75-in. speci- 
mens are more sensitive to changes in 


the ratio VA than the A.S.T.M. stand- 


ard 1.5-in. specimens. It will conse- 
quently be found more difficult to judge 
steel quality if the narrower specimens 
are used. 

Especially in the case of low-alloy 
steels it may be desired to compare 
quality of rolled steel with that of forged 


A flat specimen with a gage length pro- 
portioned to the formula L = 4.5/4 
would be satisfactory for strength and 
elongation measurements. If, however, 
reduction of area is also required the 
round specimen is to be preferred. 
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EFFECT OF RATE 


OF STRAIN ON YIELD STRENGTH, TENSILE 


STRENGTH, ELONGATION, AND REDUCTION OF AREA 
IN TENSION TESTS 


By P. G. Jones! anp H. F. Moore? 


During the past year experiments have 
been made on five metals to see whether 
the effect of rate of strain can be deter- 
mined without the use of the special 
oscillograph apparatus described in the 
paper by Paul G. Jones and H. F. Moore 
on “An Investigation of the Effect of 
Rate of Strain on the Results of Tension 
Tests of Metals.’”* The 1941 tests were 
made on the following five metals: 

1. S. A. E. 1045 steel, 

2. S. A. E. 1020 steel, 

3. Hard-drawn copper, 

4. Duralumin, and 

5. Drill temper brass. 

Specimens of all these metals were 
tested in the 1940 tests with the oscillo- 
graph recorder, but unfortunately it was 
not possible in all cases to secure speci- 
mens from the same set of bars of metal 
which furnished specimens for the 1940 
tests. However, metal as nearly like 
the 1940 metal specimens as possible 
was obtained and results have been com- 
pared on the basis of percentage change 
in properties with change of rate of 
strain. 

In the 1941 tests made without the use 
of the oscillograph, the rate of strain was 
determined as follows: For the slowest 
speed of head of testing machine the rate 


1 Instructor in Theoretical and Applied Mechanics, 
University of Illinois. 

2 Research Professor of Engineering Materials, Uni- 
versity of Illinois. 

3 Proceedings, Am. Soc. Testing Mats., Vol. 40, p. 610 
(1940). 


of strain for each lot of specimens was 
determined using an extensometer and 
astop watch. It was then assumed that 
the rate of strain for other speeds of 
head would be proportional to the speed 
of head for similar specimens of the 
same metal. This assumption is dis- 
cussed in detail in the 1940 paper? 

In the 1941 tests a 100,000-lb. Olsen 
screw-power machine was used, and tests 
were made at six different speeds of head. 
For the 1940 tests made with the oscillo- 
graph a 200,000-lb. Riehle screw-power 
testing machine was used with four 
speeds of head. 

Figures 1 to 4 show the results of the 
1941 tests without oscillograph and also 
the results of the 1940 tests with oscillo- 
graph. It will be noted that, with the 
exception of the yield strength of the 
S. A. E. 1020 steel, the percentage varia- 
tion in properties for variations in rate 
of strain are quite closely the same when 
determined by the oscillograph tests and 
by the 1941 tests without oscillograph. 
Even in the case of the yield strength of 
the S. A. E. 1020 steel the difference in 
results for the two methods is not great 
within the usual range of speed used for 
determining the yield strength, say from 
0.1 to 1.0 per cent strain per minute. 
The yield strength for this metal was 
taken as determined by the drop of the 
beam, that is, by the determination of 
the “upper” yield point, and the S. A. E. 
1020 steel tested in the 1941 tests showed 
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considerable “scatter” in yield point Wisconsin in connection with the study 
results. of the yield point of structural steel re- 
It is believed that the 1941 tests give ported by the Research Committee on 
added confidence in the reliability of Yield Point of Structural Steel.* 
determining rate of strain without the Of course, the tests herein reported 
f elaborate special apparatus. As ere only rates of — wane con be 
right P . obtained on the ordinary testing ma- 
in the 1940 paper, it may be pointed — chine, and do not enter the field of study 
that the method used for determining 


© of the effect of. extremely high rates of 
rate of strain without the oscillograph is 


strain. 
a modification of the method proposed 


rs T.2.. : 4 Proceedings, Am. Soc. Testing Mats., Vol. 31, Part I, 
by M. O. Withey of the University of 5. 136 (031), and Vol. 37, Part 1p. 87 (1037). . 


4. 


Fic. 


_ ¥ Fic. 3.—Effect of Rate of Strain on Elongation in 2 in. 
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Detailed specifications for many items 
of calibrated glassware designed for 
specific purposes appear in various 
A.S.T.M. Standard and_ Tentative 
Methods of Test. A wide variety of 
so-called “standard apparatus” is also 
required for various tests. Nowhere, 
however, are there any directions as to 
the methods to be used to determine 
the quality of any of this apparatus. 

It is the purpose of this paper to give 
some general requirements for good 
apparatus and to suggest suitable 
methods for precise calibration. Gen- 
eral directions only are given which can 
_ be applied to any piece the user may 
wish to check. No attempt has been 
_ made to give specific directions for each 
different item, and rapid methods suit- 
able only for a preliminary examination 
of shipments will not be outlined. 
Much of the data presented here has 
been taken from publications of the 
_ National Bureau of Standards.? 


GENERAL REQUIREMENTS 
Standard Temperature and_ Volume: 


In the United States, the standard 
temperature for glass apparatus is 20 C. 
Unless some other temperature is called 
for in a particular specification, manu- 


1 Technical Manager, Sales Dept., Kimble Glass Co., 

Vineland, N. J. 

: 2N. 5S. Osborne and B. H. Veazey, “The Testing of 
Glass Volumetric Apparatus,’’ Bulletin, Nat. Bureau 
Standards, Vol. 4, No. 4, pp. 564-595. 

Anonymous, “Testing of Glass Volumetric Appartus,”’ 
Circular No. 9, Eighth Edition, Nat. Bureau Standards 
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facturers will base all volumes on this 
temperature. 

The units of volume employed in 
volumetric work are the liter and the 
one-thousandth part of a liter, called 
the milliliter (ml.). The liter is defined 
as the volume occupied by a quantity 
of pure water at 4 C. having a mass of 
1 kg. 


Annealing: 


Annealing is necessary to eliminate 
unnecessary breakage and to minimize 
changes in volume which may otherwise 
occur with time. Different kinds of 
glass require different treatments to 
obtain satisfactory annealing. More- 
over, annealing methods may change as 
further research is conducted. No one 
method of annealing, therefore, can be 
specified. Satisfactory apparatus should 
pass the following test: 

“Upon examination in a polariscope 
there shall be no ring strain, and if 
there is any longitudinal strain present 
it should be faint and highly diffused.” 

The action of polarized light as 4 
means of detecting strains in glass and 
the construction and use of various types 
of polariscopes have been discussed by 
Preston.? Since publication of his tr 
port, Polaroid instruments for this 
purpose also have been developed. 


3 F. W. Preston, “‘The Use of Polariscopes in the Glass 
Industry,” Journal, Am. Ceramic Soc., Vol. 3, No. 9, PP- 
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Design and Workmanship: 


Detailed requirements for precision 
volumetric glassware have been pub- 
lished by the National Bureau of Stand- 
ards2 These regulations should be con- 
sulted when inspecting such apparatus. 

For general laboratory use, particu- 
larly in control work, some relaxation 
of the requirements can be permitted. 
The changes, however, should be limited 
to details such as style of lining and time 
of delivery of contents, and should not 
extend to the quality of workmanship 
or the general rules governing good 
design. ‘The effect of such changes on 
the utility of the apparatus must be 
kept in mind, both when setting up 
specifications for new items and when 
inspecting apparatus made according to 
such specifications. For example, larger 
errors in capacity will be found when 
diameters at calibration points are in- 
creased or time of delivery is decreased. 


SpecIAL NOTES ON MANIPULATION 


Cleanliness of Apparatus: 


Certain contaminations, especially 
grease, adhering to the walls of measur- 
ing vessels prevent them from being 
uniformly wetted. The tendency of 
water to collect into drops instead of 
adhering to the glass surface as a con- 
tinuous film indicates imperfect wetting 
due to uncleanliness. 

Imperfect wetting causes irregularities 
in capacity by distorting the meniscus. 
In instruments calibrated to deliver the 
indicated volume, it also causes irregu- 
larities by affecting the residue adhering 
to the walls. 

Since accuracy in the volume con- 
tained or delivered is possible only when 
the liquid will form a continuous film 
on the walls of the measuring vessel, 
this condition is prescribed as a test of 
cleanliness. 


But even when the surface of the 
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apparatus fulfills this condition, varia- 
tions in the apparent capacity may still 
occur, caused by contamination of the 
liquid surface by minute quantities of 
fatty or other organic substances. This 
effect is due to the formation of a film 
on the surface which produces a change 
in the surface tension and a consequent 
variation in the shape of the meniscus. 
Various cleaning agents are in use: 


1. Fuming sulfuric acid. 

2. Chromic-sulfuric acid mixture. = 
3. Fuming nitric acid. 

4. Tri-sodium phosphate. 

5. Organic solvents, followed by one 


of the above agents. 

6. Soap and water, followed by one of 

the above agents. 

After cleaning, ware should be well 
rinsed with tap water and then with 
distilled water. A final rinse with 
alcohol is frequently used, following 
which the piece is dried by evaporation. 
The process of drying can be hastened, 
if desired, by blowing clean, dry air 
into the vessel. Efficient scrubbers 
must be provided to remove any par- 
ticles of oil or dirt in the compressed 
air. It has been noted that some al- 
cohols, even though quite pure, contain 
sufficient wetting agents which remain 
on the glass as a thin film to lower the 
surface tension appreciably. Care 
should be exercised in using such mate- 
rial to hasten the drying. 

Never heat a piece of graduated glass- 
ware in order to burn out an organic 
residue. 


Method of Setting Liquid on Mark and 
Reading Meniscus: 


Even clean apparatus may give in- 
correct values unless the meniscus level 
is set correctly. When using mercury, 
it will be found necessary to tap the 
piece sharply several times for the menis- 
cus to assume a shape which can be 
duplicated. 
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If the liquid used wets glass, the 
apparatus should be filled to a point 
several millimeters above the mark to 
be tested, and the meniscus gradually 
lowered to the mark. If it is not prac- 
tical to use this method, then the con- 


tainer must be shaken slightly, or the 

inlet tube adding the liquid should be so 
- constructed that the liquid touches the 
_ side of the container being tested a short 

distance above the mark. In this way 

the glass surface will be wet above the 

mark and the meniscus will tend to 
assume the correct shape. 

It is general practice to read the top 
of a mercury meniscus. Care must be 
taken to shield the top of the mercury 
from strong light to prevent errors 
caused by reflection from the surface 
of the mercury. 

Where water or other wetting liquid 
is used, the method of reading advised 
® the National Bureau of Standards’ is 
as follows: 


“Method of Reading.—In all apparatus 
where the volume is limited by a meniscus 
the reading or setting is made on the lowest 
point of the meniscus. In order that the 
lowest point may be observed it is necessary 
to place a shade of some dark material 
- immediately below the meniscus, which 
renders the profile of the meniscus dark and 

dearly visible against a light background. 
A convenient device for this purpose is a 
collar-shaped section of thick black rubber 
— tubing, cut open at one side and of such size 
_as to clasp the tube firmly. 

“The position of this lowest point of the 
meniscus with reference to the graduation 
line is such that it is in the plane of the 

_ mid of the graduation line. This posi- 
tion of the meniscus is obtained by making 
_ the setting in the center of the ellipse formed 
by the graduation line on the front and the 
! back of the graduated tube as observed by 
having the eye slightly below the plane of 
the graduation line. The setting is not 


‘Communication from National Bureau of Standards. 
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made at either the top or at the bottom of 
the line.” 


If the line to be read is less than a half 
circle, the same general method should 
be followed, but the position of the low- 
est point of the meniscus with respect 
to the middle of the graduation line 
must be estimated. Care must be taken 
to have all pieces to be tested supported 
firmly with the vertical axis truly per- 
pendicular; otherwise serious errors may 
be introduced when reading the liquid 


The two liquids in general use for 
calibration are water and _ mercury. 
When calibration is performed by weigh- 
ing the quantity of water or mercury 
contained or delivered, it is necessary 
to use pure materials. For tests made 
by transferring from one vessel into 
another, clean tap water or ordinary 
clean, dry mercury may be used. The 
tap water should not be taken directly 
from the line, but should be led first 
into a reservoir to get rid of air bubbles 
and solid material. = 


CALIBRATION 


Testing Liquids: 


Gravimetric Calibration: 


Calibration of all apparatus that 
delivers the contents through a tip 
should be done by weighing the quan- 
tity of water delivered. (Volumetric 
methods for such items involve compli- 
cated setups to allow for drainage vol- 
umes.) Flasks may also be tested in 
this way, although it is usually quicker 
to use a volumetric method. 

To test pipettes or similar instruments 
ordinarily filled by suction by weighing 
the water delivered, clamp the instru- 
ment in a vertical position, and fill by 
suction from a beaker of water. A col 


venient setup is shown in Fig. 1. The 
pipette is filled by suction applied 
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through the rubber hose at top, empty- 
ing the water back into the beaker one 
or more times to bring the pipette to the 
temperature of the water. First ob- 
serving the temperature of the water in 
the beaker, the pipette is again filled 
toa short distance above the mark, the 
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Fic. 1.—Calibration of a Pipette. 


stopcock closed and the beaker removed 
ind the outside of the tip wiped with 


clean filter paper to remove adhering 
drops. A clean beaker is held touching 
the tip and the liquid let out slowly by 
opening the stopcock and controlling 
the delivery by a finger held on tube A 
until the meniscus descends to the mark. 

he beaker is removed and the pipette 

mtents then delivered int 


ing flask. 


o the weigh- 
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Burettes are handled in about the 
same way, except that filling is done from 
the top. 

Burettes and measuring pipettes are 
always to be tested in intervals begin- 
ning with the zero mark. 

To obtain the apparent weight in air 
of the water contained by a flask, the 
latter is weighed empty and again after 
being filled with water to the mark. A 
stopper should be used to lessen evapora- 
tion. 

The method of weighing by substitu- 
tion should always be employed to elim- 
inate the effect of any inequalities in the 
balance arms.6 The flask to be cali- 
brated or the weighing flask when 
pipettes and burettes are being cali- 
brated is hung from one balance hook, 
or supported on a saddle placed on the 
pan. On the opposite pan is placed a 
weight heavier than the filled flask. 
Sufficient weights are placed on the pan 
with the flask to secure equilibrium. 
When the flask is filled, weights are 
removed from this pan. The difference 
in the amount of weights necessary to 
secure balance is the apparent weight 
of the water. 

The volume of the water at 20 C. can 
be determined from the apparent weight 
in air by using tables prepared by the 
National Bureau of Standards,® when 
the instruments are made of glasses 
having a coefficient of cubical expansion 
near 0.000025 per deg. Cent. Similar 
tables for other glasses may be con- 
structed by use of the following formula: 


_ [1+ alt — 20)] (p — 


A-@ 
where: 


C = correction to be applied, 


5C. A. Briggs and E. D. Gordon, “‘Weighing by Sub- 
stitution,’’ Technologic Paper No. 208, Nat. Bureau Stand- 
ards (1922). 

Anonymous, “Standard Density and Volumetric 
Tables.” Circular No. 19, Sixth Edition, Tables 40 to 52, 
incl., Nat. Bureau Standards (1924). 
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V 
a 


capacity in milliliters at 20 C., 

coefficient of cubical expansion 
of the glass in milliliters per 
milliliter per degree Centi- 
grade, 

¢ = temperature in degrees Centi- 
grade of the water weighed, 

p = density in grams per milliliter 
of water at é, 

o = density in grams per milliliter of 
the air at the time of weighing, 
and 

4 = density in grams per milliliter of 
the weights used. 

A full discussion of the construction 
of such tables can be found in a book by 
Verney Stott.’ The effect’ of buoyancy 
of the air on weighings is described in a 
publication of the Bureau of Standards.* 

While volumetric apparatus is usually 
calibrated for distilled water, burettes 
for gas analysis are sometimes specified 
to be graduated for mercury. Values 
of the apparent weight of mercury at 
different temperatures can be found in 
Smithsonian Physical Tables.® 

A good balance must be used, and 
the weights should be equal in accuracy 
to the class S weights listed in various 
apparatus dealers’ catalogs. The ther- 
mometer should be subdivided to 0.1 C., 
and preferably certified by the National 
Bureau of Standards. Where the tem- 
perature correction is large enough to 
affect appreciably the results, the ther- 
mometer corrections should be applied. 
The temperature of the testing liquid 
can be taken either from the reservoir 
used in filling the object to be weighed, 


_ or from the vessel into which the liquid 


is transferred for weighing. 


Volumetric Calibration: 


Methods based on transfer of water 
from a standard container into the in- 
strument to be tested can be utilized for 
items such as flasks, cylinders, and cen- 


trifuge tubes. It will be found neces. 
sary to clean all pieces before testing and 
also to clean the standards frequently 
during use. 

For flasks and similar items either the 
well-known Morse burettes or vacuum 
standards similar to those developed at 
the National Bureau of Standards are 
suitable (see Fig. 2). The vacuum 
standards are calibrated gravimetrically 
to deliver slightly less than the nominal 


Fic. 2.—Vacuum Standard for Calibration of 
Flasks 


volume desired, and the balance of the 
capacity is added from a fine-bore 
burette. 

Small cylinders and centrifuge tubes 
are best checked by means of a burette. 
In selecting the burette to use, consider- 
ation must be given to the accuracy de- 
sired in the calibration and a burette 
used capable of being read to this degree. 
For example, in testing a 100-ml. 
tapered centrifuge tube, a 50-ml. or 100- 


itherby, London. (1928). «<” 

* Anonymous, “Design and Test of Standards of mal 

3, Third Edition, pp. 53-65, Nat. Pures 
tandards (1918). 

9 F. E. Fowle, “Smithsonian Physical Tables, Seven 


Revised Edition, p. 121 (1923). 
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ml. burette is satisfactory for the upper 
part of the scale, but the first few milli- 
liters should be checked by a burette of 
about 5-ml. capacity subdivided to 0.01 
ml. 

Another precaution to be taken is to 
have the delivery stem of the burette 
long enough to extend almost to the 
surface of the water in the piece being 
tested to avoid splashing. 

For routine checking, it is sometimes 
desirable to use mercury, transferring 
the desired volume from a standard into 
the piece to be tested. Due to the fact 
that the volume and shape of the menis- 


cus differs for different liquids, this 
method will work only when the stand- 
ard itself has been calibrated with the 
liquid which has been specified for 
calibration of the pieces being tested. 
For the same reason the standard should 
have the same diameter as the piece at 
the calibration mark. Checking a ship- 
ment in this manner will save consider- 
able time in picking out obviously 
inaccurate pieces, but this method should 
not be used as a basis for rejecting doubt- 
ful pieces. The latter must always be 
rechecked by one of the more accurate 
methods outlined previously. 
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quirements. 


Committee E-2 on 


Spectrographic 
Analysis held one meeting during the year 
at Atlantic City, N. J., on June 26, 
1940. 

The committee sponsored a Sympo- 
sium on Spectrographic Analysis during 
the 1940 annual meeting of the Society 
at Atlantic City, N. J. Thesymposium, 
held in conjunction with a Symposium 
on Tools of Analytical Chemistry, dis- 
cussed the accuracy of spectrographic 
analysis in relation to engineering re- 
The discussion papers pre- 
sented on this occasion were printed in 
the ASTM BuLLeTIN, January and 
March, 1941, and are available as a group 
in reprint form. 

The committee in 1938 sponsored the 
publication of the “Index to the Litera- 
ture on Spectrochemical Analysis, 1920- 
1937,” compiled by W. F. Meggers and 
B. F. Scribner. A revised edition of this 
bibliography covering the years 1920 to 
1939 was published by the Society in 
April of this year. 

One new member was added to the 
committee and one member lost by 
resignation, leaving the total member- 
ship of 60 members unchanged. 

Subcommittee [IT on Fundamental Meth- 
ods and Technique (O. S. Duffendack, 
chairman) is preparing a statement of 
a specific example of the procedure for 
the quantitative spectrochemical analysis 
of a solution by the method of internal 
control. This will be in a form such 
that it can be compared with a state- 
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ment of the procedure of analysis by the 
method of direct comparison with stand- 
ards such as that of the AS.TM. 
Tentative Method of Quantitative Spec- 
trochemical Analysis of Zinc Alloy Die 
Castings for Minor Constituents and Im- 
purities (EK 27 — 40 T) on the analysis of 
zinc-base alloy die castings. 

Subcommittee IIT on Quantitative Meth- 
ods and Applications (M. L. Fuller, 
chairman) held a meeting at Atlanti 
City on June 26, 1940. In accordance 
with the action taken at this meeting, 
the membership lists of the subcommittee 
and its several groups were reduced in 
size in the interests of more efficient com- 
mitteee activity. 

Subsequent to the 1940 annual meet- 
ing, on the recommendation of this sub- 
committee, Committee E-2 presented to 
the Society through Committee E-10 on 
Standards a revision of the Tentative 
Method of Quantitative Spectrochemical 
Analysis of Zinc Alloy Die Castings for 
Minor Constituents and Impurities (E 
27-40T). This recommendation was 
accepted! by Committee E-10 on Novem- 
ber 5, 1940, and the revised tentative 
method has been published separately 
as a 1940 Supplement to the Methods ol 
Chemical Analysis of Metals. 

Groups 1, 2, 4, and 5 also held meetings 
at Atlantic City on June 26, 1940. 

1In submitting this recommendation to Committee 
E-10 on Standards, Committee E-2 reported results oft 
letter ballot vote as follows: Of a total membership of ° 


37 members returned their ballots, of whom 24 Leet 
firmatively, 0 negatively, and 13 marked their ballots “not 


voting.” 
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Group 1 on copper, nickel and their 
alloys (P. A. Leichtle, chairman) has 
been especially active. A standard brass 
sample is being analyzed by the members 
to compare existing methods of analysis; 
outlines of the methods are being pre- 
pared. 

Group 2 on lead, antimony, bismuth 
and their alloys (A. E. Ruehle, chairman) 
is preparing methods for the analysis of 
tin metal, solders, and tin-base die-cast 
alloys. 

Group 4 on zinc, cadmium and their 
alloys is engaged in a cooperative test 
among its members employing the 
method for the analysis of a zinc die 
casting alloy, Tentative Method E 27 — 
40T. Experimental work is in progress 
on an internal standard method for the 
analysis of zinc-base die-casting alloys. 
A method for the analysis of cadmium 
is under consideration. 
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Subcommittee V on Standards and Pure 
Materials (T. A. Wright, chairman) has 
announced that nickel of high purity is 
available in limited amounts for use in: 
spectrographic work. This subcommit- 
tee has supplied information with respect 
to various pure materials in answer to 
inquiries. 


This report has been submitted to 
letter ballot of the committee which 
consists of 60 members; 44 members re- 
turned their ballots, of whom 40 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
H. V,, CHURCHILL, 
Chairman, 


B. F. SCRIBNER, 


Secretary. 
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REPORT OF C 


Committee E-3 on Chemical Analysis 
of Metals held a meeting in Atlantic 
City, N. J., on June 25, 1940, during the 
annual meeting of the Society. Four 
division and nine subcommittee meet- 
ings were also held during the year. At 
the 1940 annual meeting in Atlantic 
City the committee sponsored a Sympo- 
sium on Tools of Analytical Chemistry. 
This symposium was held in conjunction 
with a Symposium on Spectrographic 
Analysis, at both of which the A.S.T.M. 
acted as host to members of the Analyti- 
cal Division of the American Chemical 
Society. The papers presented on this 
occasion were printed in the ASTM 
BULLETIN.! 

Four new members were elected to the 
committee during the year, and one 
resignation was received. The com- 
mittee wishes to record its sorrow in the 
loss by death of Alfred M. Smoot, long 
an esteemed and valued member of 
analytical committees of the A.S.T.M. 

Division A on Ferrous Metals (Arba 
Thomas, chairman) has prepared meth- 
ods for the determination of aluminum, 
lead, and columbium in steel that have 
been approved by Committee E-3 by 
letter ballot and will be submitted to the 
Society through Committee E-10 on 
Standards later in the year* for publica- 
tion as tentative to be added, when 
adopted, to the Standard Methods of 
Chemical Analysis of Steel, Cast Iron, 
Open-Hearth Iron, and Wrought Iron 

1 ASTM Buttetin, No. 108, January, 1941, p. 21; also 


available as a separate publication. 
2See Editorial Note, p. 501. 
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(E 30-39). Division A is preparing 
methods for the determination of alumi- 
num in alloy steels, small amounts of 
lead in carbon steels, and selenium in 
stainless steels. 

Subcommittee A-2 on Metallic Ma- 
terials for Electrical Heating (T. R. Cun- 
ningham, chairman) has completed the 
preparation of methods for the analysis 
of electrical heating alloys. These meth- 
ods have been approved by letter ballot 
by Division A and will be submitted to 
letter ballot of Committee E-3. 

Division B on Non-Ferrous Metals 
(R. P. Nevers, chairman) through its 
subcommittees is continuing the complex 
and extensive task of revising the present 
A.S.T.M. methods for the analysis of 
non-ferrous alloys. Splendid progress 
has been made in this work during the 
past year. 

Subcommittee B-1 on Copper and 
Nickel and Their Alloys (R. P. Nevers, 
chairman) has completed the prepara- 
tion of methods for the analysis of 
brasses. These include procedures for 
the determination of copper, zinc, lead, 
tin, iron, phosphorus, arsenic, antimony, 
and nickel. These methods are now 


being tested on two sampics of brass 
which represent commercial  com- 
positions. 

Subcommittee B-2 on Lead, Tis, 


Antimony, Bismuth and Their Alloys 
(J. B. Mosley, chairman) has prepared 
methods for the analysis of pig lead that 
have been approved by letter ballot by 
Division B and will be submitted to 
letter ballot of Committee E-3. I 
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approved, these methods will then be 
presented to the Society to replace the 
present Tentative Methods of Chemical 
Analysis of Pig Lead (B 35-36 T). 
Subcommittee B-2 has undertaken a 
revision of the Tentative Methods of 
Chemical Analysis of Alloys of Lead, Tin, 
Antimony, and Copper (B 18 - 36 T). 
In connection with this work a special 
sample of solder (35 per cent tin, 65 
per cent lead) has been prepared for 
analysis. 

Subcommittee B-3 on Aluminum and 
Magnesium and Their Alloys (H. V. 
Churchill, chairman) has prepared a re- 
vision of the Tentative Methods of 
Chemical Analysis of Aluminum and 
Light Aluminum Alloys (B 40-36 T). 
These revised methods are being tested 
by members of the subcommittee on 
two samples of aluminum-base alloys 
specially prepared for this work. This 
subcommittee has also drawn up meth- 
ods for the analysis of magnesium alloys, 
and samples of these alloys are being 
prepared for use in a cooperative study 
of these methods by the subcommittee. 


NOTE 


through Committee E-10 on Standards a tentative revision of the Standard 
Methods of Chemical Analysis of Steel, Cast Iron, Open-Hearth Iron, and 
This tentative revision in the form of new 
Tentative Methods of Chemical Analysis for Aluminum, Columbium, and 
Lead in Steel (E 30 —- 41 T), was accepted by Committee E-10 on October 
22, 1941, and has been published separately as a 1941 Supplement to the 
Methods of Chemical Analysis of Metals. 


Wrought Iron (E 30 — 39). 
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Subcommittee B-4 on Zinc and Its 
Alloy (R. W. Coltman, chairman) has 
prepared methods for the analysis of 
slab zinc and submitted them to letter 
ballot in Division B. This subcom- 
mittee is now working on methods for 
the analysis of zinc-base alloys. 

Division D on General Analytical 
Methods (B. L. Clarke, chairman) has 
reviewed methods for the analysis of 
slab zinc, zinc-base alloys, nickel, and 
nickel-chromium electrical heating al- 
loys that have been submitted by Divi- 
sions A and B. 


This report has been submitted to 
letter ballot of the committee which 
consists of 67 members; 65 members 
returned their ballots, of whom 61 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
G. E. F. 
Chairman, 


H. A. Bricur, 
Secretary. 


Subsequent to the annual meeting Committee E-3 presented to the Society ; 
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Committee E-4 on Metallography 
held a meeting during the A.S.T.M. 
spring committee meetings in Washing- 
ton, D. C., on March 6, 1941, at which 
time the subcommittee activities were 
reviewed and plans made for the increase 
in scope of some of the subcommittees. 

The membership of Committee E-4 
shows a further increase and now num- 
bers a total of 67 members. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Selection and Prepa- 
ration of Samples (G. F. Comstock, 
chairman). ‘There has been need for but 
very little activity in this subcommittee 
during this year as the result of having 
completed the current Tentative 
Methods of Preparation of Metallo- 
graphic Specimens (KE 3-39T). The 
methods are being continued as tentative 
without revision. 

Subcommittee IV on Photography (L. 
V. Foster, chairman). -Because of the 
apparent advisability of revising the 
present non-ferrous grain size counting 
methods included in the Tentative 
Methods of Preparation of Micrographs 
of Metals and Alloys, Including Recom- 
mended Practice for Photography as 
Applied to Metallography (E 2 — 39 T),! 
it has been decided to remove Sections 7 
to 11, inclusive, and Plate III (grain 

size chart) from the methods and place 
these items under the jurisdiction of 
Subcommittee VIII. Subcommittee 


_ 11939 Book of A.S.T.M. Standards, Part I, p. 1214. 


RT OF COMMITTEE E-4 


502 


met 
ferrc 
in tl 
GRAPHY the 
will 
VIII will use this material as the basis of t 
for a separate standard for determining augr 
the grain size of non-ferrous metals, as of t 
mentioned in detail later in this report. desc 
Pending completion of the proposed St 
revisions, Methods E 2 — 39 T are to (San 
be continued as tentative in their present work 
form. com) 
Subcommittee VI on X-Ray Diffraction satis 
(W. L. Fink, chairman).—This sub- 
committee is now preparing recom- varic 
mended practices for five of the more nena 
important procedures common to the maki 
metallographic applications of X-ray knov 
diffraction and plans to have this work me 
completed within the year. of st 
The efforts of this subcommittee, cedu 
working in conjunction with the National * Pul 
Research Council Committee on X-Ray a 
and FPlectron Diffraction in order to 
make available for general use the 


method of chemical analysis by X-ray 
diffraction, have now reached the stage 
where the file catalogs of materials al- 
ready identified will soon be obtainable. 
Subcommittee VII on Dilatometry (L. 
H. Carr, chairman).—-This subcom- 
mittee is preparing to correlate the 
information obtained to date in their 
survey of dilatometric methods and 
hopes to have these in such form as to 
permit the formulation of some recom- 
mended practices in the near future. 
Subcommittee VIII on Grain 
(M.A. Grossmann, chairman).—-Because 
of the necessities of additional work on 


grain count methods, the activities of 


subg 
4 


this subcommittee are being enlarged 
to permit the formation of an additional 
subgroup devoted to the study of ferrite 
grain size. Another subgroup will pre- 
pare those sections dealing with the 
metallographic grain size chart for non- 
ferrous metals and alloys now appearing 
in the Tentative Methods E 2 — 39 T in 
the form of a separate standard. This 
will not only constitute some revision 
of the present method but will also 
augment present procedure by the use 
of the grain-size comparator such as 


described in the ASTM BUwLLETIN.? 
Subcommitlee IX on Inclusions 
(Samuel Epstein, chairman).—Intensive 


work by this recently formed sub- 
committee is progressing in a very 
satisfactory manner. The  subcom- 
mittee has completed a survey of the 
various methods of measurement of 
nonmetallic inclusions, and is currently 
making a practical comparison of all 
known methods by having the sub- 
committee members rate the same kinds 
of steels by these methods. This pro- 
cedure should bring out the desirable 


teen in ASTM Buttetin, No. 111, August, 1941, 


p 
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and unsatisfactory features in each 
method and thus provide a basis for an 
improved procedure. 


Committee E-4 has reviewed and ap- 
proved the proposed Tentative Recom- 
mended Practice for Evaluating the 
Microstructure of Graphite in Gray Iron® 
prepared jointly by Committee A-3 
on Cast Iron in cooperation with the 
Gray Iron Division of the American 
Foundrymen’s Association. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 65 members; 35 members 
returned their ballots, of whom 34 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


L. L. Wyman, 


J. J. Bowman, 
Secretary. 


$1941 Supplement to Kook of A.S.T.M. Standards, 
Part I, p. 300. 


Chairman. 
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A meeting of Committee E-8 on 
Nomenclature and Definitions was held 
during the annual meeting of the 
Society in Chicago, Ill., on June 25, 
1941. At this meeting consideration 
was given to a number of recommenda- 
tions for the adoption as standard of 
certain tentative definitions appearing 
in the current reports of several standing 
committees of the Society, and to other 
matters dealing with nomenclature and 
definitions of general interest to the 
committees of the Society. 

Under the rotational basis on which 
the Advisory Committee is now func- 
tioning with the terms of two members 
expiring each year, the Executive Com- 
mittee of the Society has appointed 
Messrs. M. E. Holmes and G. B. Water- 
house for a three-year term, expiring in 
1943. 

The new definitions and revisions in 
prea nomenclature that have been 


prepared by the standing committees 
of the Society give evidence of an 
increasing interest in the establishment 
of authoritative nomenclature and defini- 
tions. This is especially true in the 
j case of new committees organized during 
the past several years. 
The Joint Committee on Definitions 
of Terms Relating to Heat Treatment, 
J responsible for the preparation of the 
_ Standard Definitions of Terms Relating 
to Heat Treatment Operations (Espe- 
cially as Related to Ferrous Alloys) 
(A 119 — 33), was recently reorganized 
_ to give consideration to revision of these 
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definitions and to make whatever exten- 
sion in the list that seems to be desirable, 
possibly including the use of heat treat- 
ment definitions as applied to non-ferrous 
metals and alloys. This joint committee 
is composed of representatives of the 
three sponsoring societies, namely, the 
American Society for Metals, the Society 
of Automotive Engineers, and the Ameri- 
can Society for Testing Materials. The 
definitions should also be of interest 
to the American Foundrymen’s Asso- 
ciation and that organization may 
appoint an official representative to 
serve on the joint committee. Since 
several of the A.S.T.M. standing com- 
mittees are concerned with nomenclature 
relating to heat treatment, an E48 
subcommittee on this subject has been 
organized which will cooperate with the 
joint committee. The personnel of this 
subcommittee is as follows: 


Lawford H. Fry (chairman) Representing 
Committee A-1 on Steel, 

P. V. Faragher, 

John Howe Hall, 

J. S. Vanick, Representing Committee 43 
on Cast Iron, 

B. H. DeLong, Representing Committee 
A-10 on Iron-Chromium, Iron-Chromiun- 
Nickel and Related Alloys, 

Alfred Bellis, Representing Committee B-l 
on Copper and Copper-Alloy Wires !r 
Electrical Conductors, 

Carter S. Cole, Representing Committee B» 
on Copper and Copper Alloys, 

G. O. Hiers, Representing Committee 54 
on Die-Cast Metals and Alloys, and 

H. J. Rowe, Representing Committee B-/ 
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Mr. Fry is also one of the A.S.T.M. 
representatives on the joint committee. 
The Society’s other representatives on 
the joint committee are T. S. Fuller 
and H. S. Rawdon. 

‘Committee D-5 recommended! to the 
Society at this annual meeting the 
withdrawal of the Tentative Definition 
of the Term Coke (D 121 - 26 T) and 
requested Committee E-8 to take the 
initiative in formulating a definition 
of this term. The committee voted not 
to attempt to define the term coke at 
this time. 

The committee has reviewed and 
approved for adoption as standard the 
revised definition of water-gas tar recom- 
mended by Committee D-7 on Timber. 
This definition is also of interest to 
Committees D-8 on Bituminous Water- 
proofing and Roofing Materials and D-4 
on Road and Paving Materials, and this 
action was subject to approval of the 
definition by the Subcommittee on 
Definitions Relating to Bituminous Ma- 
terials (K. G. MacKenzie, chairman). 
The results of the vote in Committee 
E-8 on this recommendation are as 
follows: From a membership of 52, 39 
members returned their ballots, 18 of 
whom voted affirmatively, 0 negatively, 
and 21 members marked their ballots 
“not voting.” 

A revision of the Tentative Definition 
of the Term Aggregate (C 58 — 28 T) 
has been prepared and will be reviewed 
by the subcommittee on this subject. 

The following actions were taken 
by the committee on tentative defini- 
tions being recommended for adoption 
as standard by other Society commit- 
tees at this annual meeting: 

The committee approved the five 
revised definitions relating to magnetic 
testing proposed by Committee A-6 
on Magnetic Properties for inclusion in 


the Standard Definitions of Terms with 
Units and Symbols Relating to Magnetic 
Testing (A 127 — 39). 

The eleven definitions relating to 
textile materials published as tentative 
under the designation D 123 — 40 T, 
recommended for adoption as standard _ 
by Committee D-13 on Textile Ma- 
terials, were reviewed by Committee 
E-8. Attention was called to the fact 
that several of these definitions are of a 
general nature and accordingly are of 
interest in connection with the work 
of other standing committees. In view 
of this, it was considered desirable to 
defer adoption as standard of these 
definitions so that there will be oppor- 
tunity to discuss with Committee D-13 
certain desirable improvements in the 
definitions. 

The committee also reviewed the 
definitions of “abrasion,” “corrosion,” 
“erosion,” and “slagging” appearing in 
the Tentative Definitions of Terms 
Relating to Refractories (C 71-40 T) 
being recommended for adoption as 
standard by Committee C-8 on Refrac- 
tories. These terms, likewise being of a 
general nature, are of interest to other 
standing committees and attention was 
called at the meeting to several changes 
that appear to be desirable. Action was 
accordingly taken to request that the 
definitions be not adopted as standard 
at this time in order that suggested 
modifications may be discussed with 
Committee C-8. 

The adoption as standard of the 
revised definitions of the terms gypsum | 
lath, gypsum sheathing board, and — 
gypsum wall board, prepared by Com- 
mittee C-11 on Gypsum to replace the — 
definitions appearing in the Tentative 
Definitions of Terms Relating to Gyp- _ 
sum (C11-407T) was approved for 
reference to letter ballot in Committee > 
E-8. The results of the vote on this 
recommendation are as follows: From a> 
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membership of 52, 38 members returned 
their ballots, 21 of whom voted affirma- 
tively, 1 negatively, and 16 members 
marked their ballots “not voting.” 

The recommendation for adoption as 
standard of the Tentative Definition of 
the Term Screen (Sieve) (E 13 - 28 T), 
with a revision in Note 2 changing 
“rectangular” to read ‘‘square,” was 
approved by letter ballot of the Sub- 
committee on Sieve and Screen (Cloyd 
M. Chapman, chairman). Action was 
accordingly taken to refer this definition 
to letter. ballot in Committee E-8 for 
presentation to the Society in 1942 for 
adoption as standard. 

At its meeting the committee dis- 
cussed briefly a number of new and 
revised definitions prepared by six of 
the standing committees. Action was 
taken to refer these by letter to members 
of the committee for further study and 
comment. 

A new Subcommittee on Definition 
of Glass is to be organized to reconcile 
the differences between the definition as 
prepared by Committee C-14 on Glass 
and Glass Products and the existing 


definition for the term glass prepared by 
Committee D-13 on Textile Materials. 

In connection with its work, the 
committee has recognized a need for a 
statement of guiding principles to be 
used in developing definitions and stand- 
ard forms for expressing them. It is 
believed this will be of distinct value to 
the standing committees of the Society, 
An article along these lines is to be 
prepared: for early publication in the 
ASTM BuLLeETIN for the purpose of 
eliciting discussion on this subject. 
The article will be based on statements 
that have been prepared by H. C. 
Porter and J. S. McDowell. 


This report has been submitted to 
letter ballot of the committee which 
consists of 52 members; 39 members 
returned their ballots, of whom 37 have 
voted affirmatively and 1 negatively. 


Respectfully submitted on behalf of 
the committee, 
Croyp M. CHAPMAN 
Chairman. 


R. E. Hess, 
Ex-officio Secretary. 
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REPORT OF COMMITTEE E-9 - 
ON 
) In the following there is presented a The Research Committee is now plan- 


brief résumé of certain principal research 
activities during the past year which 
have engaged the attention of Committee 
E-9 on Research, with particular refer- 
: ence to new projects and cooperative re- 
S search. A more comprehensive review 
) of research: activities throughout the 
Society will appear in the December 
issue of the ASTM BULLETIN. 


s 


h Research Committee Activilies: 
rs The Research Committee on Fatigue of 
re Metals is presenting to the Society at 


this annual meeting its final report on 

the investigation of effect of type of 
of testing machine on results of fatigue 

tests,| towards the expense of which 

$700 was provided from the Research 
Mn. Fund. This report presents a detailed 
description of and results obtained in the 
investigation of the effect of different 
types of testing machines on the en- 
durance limit of metals and on the shape 
of the S-N (stress-cycle) diagram. The 
machines studied included the rotating 
beam, the rotating cantilever beam, 
vibratory flexural, and direct axial stress. 
The tests were made on high-strength 
heat-treated alloy steel, medium- 
strength low-carbon steel, and an alu- 
minum alloy (duralumin). The report 
presents profilograph records, magna- 
flux tests, and photomicrographs of the 
metals studied, together with a series 
of curves and a discussion of the varia- 
tion of endurance limits obtained on the 
different machines; also the effect of 
shape of specimen and the endurance 
above the endurance limit. 


See p. 133. 


ning an investigation of effect of size of — 
specimen on the limiting fatigue strength, — 
or endurance limit, of some metals. 
The general effect of size has been known 7 
for some time but its magnitude even 
for small test specimens is surprising. . 
The committee will include a study of 
size effect on notched specimens, as com- 
pared with size effect for specimens free 
from notches, and, if found feasible, a 
study of the effect of residual stresses on ‘ 
fatigue strength. Committee E-9 has 
appropriated the sum of $500 from the a 
Society’s Research Fund in support of _ 
this program. 

Committee E-9 has requested the Re- 
search Committee to consider the in- _ 
auguration of more extensive researches 
in the field of fatigue of metals, including 
problems that might be raised in con- 
nection with the utilization of materials 
in the defense program. Industrial sup- 
port for such researches is invited. In 
this connection the work of the Research — 
Committee on Fatigue of Metals has 
been brought to the attention of the 
National Defense Research Committee — 
and its services offered wherever they 
may be of assistance. 

The Joint Research Committee on Effect — 
of Temperature on the Properties of Metals - 
of The American Society of Mechanical — 
Engineers and this Society is presenting — 
a report? at this annual meeting of the © 
Society briefly summarizing the progress 
made during the year in the various 
research projects sponsored by the joint 


| 
— 
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committee, including tests of tubular 
members at elevated temperatures, 
properties of metals at low temperatures, 
effect of variables on the high-tempera- 
ture properties of metals, relaxation 
tests, and study of high-temperature test 
methods. 

A report on Impact Resistance and 
Tensile Properties of Metals at Sub- 
atmospheric Temperatures,’ prepared by 
H. W. Gillett for Project No. 13 of the 
Joint Research Committee, has also been 
completed this year. The information 
contained in this report, in the con- 
venient form provided, is expected to be 
particularly valuable at this time to the 
War and Navy Departments and it is 
believed the National Defense Research 
Committee will also be interested in the 
availability of this report. 

The Joint Research Committee on Boiler 
Feedwater Studies has continued its re- 
search on study of the problem of*caustic 
embrittlement. This study has had 
many ramifications including (a) the 
development of several types of appara- 
tus by which it would be possible to 
determine if a given boiler water would 
cause metallic specimens to crack, (6) a 
conscientious effort to correlate with the 
findings of the Bureau of Mines’ study 
the work of the University of Illinois, 


_ which in all phases did not agree with 


the results of the committee’s research, 
and (c) the critical examination and 
testing of several preventive chemical 
reagents. A progress report‘ describing 
the activities of the committee during 
the year is to be presented at this annual 


‘meeting. 


The Joint Committee on Exposure Tests 
of Plating on Non-Ferrous Metals, 
formerly under the auspices of the 
National Bureau of Standards, American 
Electroplaters’ Society, and A.S.T.M., 


_ has now been discharged since its activi- 


ties will be carried on in the newly 


3 Issued as a separate publication, August, 1941. 
4 Published in ASTM Butvetin, No. 111, August, 1941, 
p. 56. 
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organized Committee B-8 on Electro. 
deposited Metallic Coatings. 

Joint Research Project on Durability of 
Concrete.—As mentioned in the report of 
Committee E-9 last year, the governing 
boards of the Highway Research Board 
of the National Research Council, the 
American Concrete Institute, and 
A.S.T.M., realizing the need that exists 
for basic research on the fundamental 
factors that affect the durability of port- 
land-cement concrete, agreed to organize 
a joint research project on this subject. 
This research project has now been in- 
augurated through the appointment of 
an Administrative Committee, consisting 
of two representatives from the three 
sponsoring bodies, and a Technical Com- 
mittee (appointed by the Administrative 
Committee) to prepare and supervise the 
work program. A. T. Goldbeck and the 
Secretary-Treasurer represent the So- 
ciety on the Administrative Committee. 
A full account of the organization of the 
project and the personnel of the Ad- 
ministrative and Technical Committees 
appeared in the ASTM But etn, No. 
108, January, 1941, p. 52. 


Research Progress of A.S.T.M. Com- 


miltees: 


Determination of Water Vapor in 
Gaseous Fuels (Committee D-3).—The 
investigation on this subject being carried 
out for Committee D-3 at The Pennsyl- 
vania State College under the direction 
of Prof. A. W. Gauger is described in a 
paper by F. C. Todd and A. W. Gauger 
on “Studies on the Measurement of 
Water Vapor in Gases’”® on the program 
for this annual meeting. ‘The grant of 
$200 from the Research Fund made in 
support of this investigation has been 
used to defray the cost of a voltage- 
regulating transformer, a centrifugal 
circulation pump and associated equip 
ment required to complete the tests. 


5 See p. 1134. 
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Capping Tests of Hollow Tile (Com- 
mittee C-15).—A report on this project 
carried out at Rensselaer Polytechnic 
Institute for Committee C-15 on Manu- 
factured Masonry Units has been sub- 
mitted to the committee. 

Study to Determine if Results of Em- 
pirical Flow Tests can be Expressed in 
Absolute Units (Committee E-1).—Com- 
mittee E-9 has upon the request of 
Committee E-1 on Methods of Testing 
appropriated $500 from the A.S.T.M. 
Research Fund for preliminary study to 
determine if results of empirical flow 
tests (in particular the ring-and-ball 
softening point method) can be expressed 
in absolute units. Arrangements have 
been made for the investigation to be 
carried out at Brooklyn Polytechnic 


determine whether financial backing can 
be secured for it. Another committee 
has as its function, first, to present to 
Committee D-13 for adoption instru-— 
ments and methods which have been 
developed; second, to promote their 
general use and to answer inquiries which 
may arise regarding them; and third, to — 
renew the research program at such time 
as may be propitious. 

Effect of Pretreatments in Painting of — 
Structural Steel (Committee D-1).—This 
project, under the direction of Subcom- 
mittee XXIX of Committee D-1 on 
Paint, Varnish, Lacquer, and Related 
Products, has progressed during the year. 
Paints on the committee’s test panels 
have now been exposed 21 months and 
several field inspections have been made. 


Institute under the direction of W. H. 
Gardner and H. Mark, and work has 
already been started on the committee’s 
program. 

Moisture Content of Paperboard and of 
Corrugated Viberboard Containers (Com- 
mittee D-6).—As mentioned in the 
report a year ago,® the work conducted at 
six laboratories under the direction of 
Subcommittee IV of Committee D-6 on 
Paper and Paper Products has been com- 
pleted and although a report on the 
actual investigation will probably not 
be published as such, the data obtained 
have been useful in the committee’s 
standardization work. 

Testing of Textile Finishes (Committee 
1)-13).-The work of the special com- 
mittee of Committee D-13 on Textile 
Materials studying this subject received 
sufficient financial backing from industry 
to warrant its continuance for a second 
year. The current phase of the program 
has been the development of instruments 
for the evaluation of the “hand” of 
fabrics.’ The subscribers to the project 
have appointed a committee to set up a 
Program for a third year’s work and to 


A report on the present status of this | 
project will be made by the subcom- 
mittee to Committee D-1 this June.* 
Comparative Fire Tests of Treated and 
Untreated Wood (Committee C-5).— 
This project has for its objective the ce- 
velopment of a standard method of test- 
ing wood chemically treated by ll 
nation to determine its fire-resistance 
properties. It comprised studies on five 
currently used fire test methods applied 
to treated and untreated wood in which 
five laboratories cooperated, working 
independently, and it is considered to be 
the most extensive series of fire tests of 
this kind ever made. A complete report 
of the investigation is included in this 
year’s report of Committee C-5 on Fire 
Tests of Materials and Construction,’ 
which proposes Tentative Method of 
Test for Fire-Retardant Properties -of 
Wood" based on this investigation. 
Corrosion Studies.—Probably the larg- 
est single research project being spon- 
sored by the Society is the Wire Test 
Program of Committee A-5 on Corrosion 
of Iron and Steel. The committee is 


4 roceedings, Am. Soc. Testing Mats., Vol. 40, p. 456 9 See p. 238. 
940). 101941 Supplement to Book of A.S.T.M. Standards, 


"See p. 448. Part II, p. 281. 
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presenting this year another report," 
after a two-year interval, covering the 
results of the atmospheric corrosion tests 
on wire and wire product specimens after 
exposure for about four yéars at each of 
eleven locations. 

The data obtained in the atmospheric 
corrosion studies carried out by Com- 
mittee B-3 on Corrosion of Non-Ferrous 
Metals and Alloys on some 24 non-fer- 
rous metals and alloys exposed at ten 
test sites, has been further studied and 
the current report’? of the committee 
presents a statistical analysis of the test 
data. 

New Activities—In addition to the 
projects just described, research activi- 
ties on the following subjects have been 
started during the year by the com- 
mittees named. Brief statements of 
each appeared in the ASTM BULLETIN 
for October, 1940: 


Laboratory Total Immersion and Alternate 
Immersion Tests on Non-Ferrous Metals (Com- 
mittee B-3). 

Glass Fiber and Its Products (Committee 
D-13). 


Organization of A.S.T.M. Research Ac- 
tivities on Corrosion: 


_ Committee E-9 on Research has been 

giving some consideration to the status 
of the Society’s researches in the field of 
corrosion, which have been carried on in 
at least five committees, namely, A-5 on 
Corrosion of Iron and Steel, A-10 on 
Iron-Chromium, Iron-Chromium-Nickel 
and Related Alloys, B-3 on Corrosion of 
Non-Ferrous Metals and Alloys, B-4 
on Electrical-Heating, Electrical-Resist- 
ance and Electric-Furnace Alloys, and 
B-6 on Die-Cast Metals and Alloys; and 
presumably the question of corrosion 
research regarding electrodeposited coat- 
ings will arise in the newly organized 
Committee B-8 on Electrodeposited 
Metallic Coatings. As the work has 


1 See p. 101. 
12 See p. 172. 
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grown throughout the years in volume 
and importance there has developed toa 
certain extent what might appear to be 
duplication of effort and certainly there 
has developed a need for coordination of 
this work that goes beyond the possibili- 
ties, apparently, of the Coordinating 
Committee on Corrosion that was set up 
some years ago. Arrangements have 
accordingly been made for a conference 
at this annual meeting under the auspices 
of Committee E-9 of the advisory com- 
mittees of all the committees concerned, 
to consider the possibility of creating in 
the Society some administrative agency 
that would direct this important side of 
its research activities. 


Proposed Foundation for Scientific 
Research in Rubber Technology: 


A joint committee of the Society of 
Automotive Engineers and this Society, 
which functions as Technical Committee 
A on Automotive Rubber of A.S.T.M. 
Committee D-11 on Rubber Products, 
has been active in the study of certain 
methods of test for automotive rubber 
and the relationship of such methods to 
purchase specification requirements. As 
the result of these studies over a period 
of a year, the joint committee is con- 
vinced that the method of approach is 
not an adequate one considering the 
magnitude of the problem, and has 
drawn up for consideration by S.A.E. 
and A.S.T.M. an outline for the forma- 
tion of a Foundation for Scientific 
Research in Rubber Technology to 
determine and obtain scientific answers 
to technological rubber problems. 

Both Committees D-11 and E-9 have 
considered the proposal and both agree 
that the A.S.T.M. is definitely interested 
and should assist in the establishment of 
a suitable research project. However, 
research of the magnitude that is here 
involved must be approached from 4 
broad viewpoint and should have from 


t 
b 
r 
b 
p 
R 
ci 
D 
R 
M 
R 
P 
E. 
ac 
fir 
m 
Ty 
| 
As 
gr. 
| me 
M 
re] 
Ec 
wi 
act 
the 
ne 
me 
en: 
its 
— 


the beginning the cooperation of the 
several technical societies and industrial 
groups that have a major interest in 
production and utilization of rubber. 
Accordingly, Committee E-9 has sug- 
gested as one method of approach that 
there be set up under the aegis of Engi- 
neering Foundation a project for Scien- 
tific Research in Rubber Technology to 
be sponsored by such societies and 
organizations as will be representative 
of producing, consuming, and fabricat- 
ing interests; and that a suitable adminis- 
trative committee in charge of the 
project be established by the sponsoring 
bodies with authority to form suitable 
representative committees to be responsi- 
ble for specific phases of the general 
project. 


Research Activities of Other Societies: 


National Research Council.—The So- 
ciety has continued its contacts with the 
Division of Engineering and Industriai 
Research through its representative, L. 
M. Currie, and also with the Highway 
Research Board of that Division through 
Prévost Hubbard, representative, and F. 
E. Richart, alternate. Mr. Hubbard’s 
activities during the past year were con- 
fined to cooperation with the Depart- 
ment of Design, Committee on Flexible 
Type Surfaces, and he was co-author of 
a paper on “Required Thickness of 
Asphalt Pavements in Relation to Sub- 
grade Support” presented at the annual 
meeting of the Board in December, 1940. 

A.S.M.E. Research Committee on 
Mechanical Springs.—The  Society’s 
representative on this committee, C. T. 
Edgerton, has maintained his contacts 
with its activities. While direct research 
activities have been at a standstill during 
the past year, pending development of 
new fatigue testing facilities, arrange- 
ments have now been made that will 
enable the committee to proceed with 
its program. 


search Committee.— 
has continued to represent the Society on 
the Industrial Research Division of the 
Welding Research Committee and close 
contact is being maintained between the 
activities of the Division and certain 
interested A.S.T.M. committees. The 


Engineering Foundation—Welding Re- 
N. L. Mochel 


investigation on weldability of carbon 


steels, to which the Society has con- 


tributed the sum of $250 from the Re- 
search Fund, has been started at Battelle 
Memorial Institute and a first progress 
report is expected shortly. A progress 
report on work at Rensselaer Polytech- 
nic Institute on spot welding has. been 
submitted to the National Advisory 
Committee for Aeronautics. The fa- 
tigue investigation on welded joints 


carried on at the University of Illinois 
has been reported in an Experimental 


Bulletin of that University and covered 
by progress reports of the committee. 
A number of other projects are under 
way and are currently reported in The 
Welding Journal published by the Ameri- 


can Welding Society. 


The committee has prepared three 


exhibits of its work for the current 
annual meeting. 


American Coordinating Committee on 
Corrosion: 


During the past year the American 
Coordinating Committee on Corrosion 
has prepared a Directory of workers in 
the field, a first draft of which has been 
submitted to the sponsoring societies and 
to each of the workers. It is probable 
that a revised Directory will be prepared 
as a result of this first circularization. 

The Coordinating Committee is spon- 
soring jointly with the American Associa- 
tion for the Advancement of Science a 
four-day symposium on corrosion to be 
held this summer at Gibson Island, Md. 
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Relationship of A.S.T.M. Research to 
National Defense: 


In its annual report to the Society the 
Executive Committee has discussed vari- 
ous aspects of the Society’s relation to 
the National Defense Program. After 
mentioning the significant relationship 
of A.S.T.M. standardization activities 
to national defense, it was stated in 
substance that research in materials is 
scarcely less important than standardiza- 
tion itself since research provides the 
knowledge required for the efficient 
utilization of materials and the informa- 
tion needed to write useful specifications. 

There has been formed as a part of the 
Defense Program the National Defense 
Research Committee, to correlate and 
support systematic research on_ the 
mechanism and devices of warfare. 
Committee E-9 has offered to the 
N.D.R.C. the cooperation of the Society 
in whatever way the research facilities 
of A.S.T.M. could be advantageously 
used in the Defense Program. Descrip- 
tions of research activities at present 
under way in the committees of the 
Society have been furnished to the 
N.D.R.C. 

Committee E-9 would ‘stress the im- 
portance of using existing agencies for 
research wherever possible in times of 
emergency such as these. It is to be 
remembered, of course, that research 
sponsored by A.S.T.M. is essentially of 
a cooperative nature. Projects are 
planned under committee auspices by 
various groups having a common interest 
in acquiring certain information and are 
carried out in ways that frequently 
involve the pooling of facilities of several 
research agencies, such as industry and 
Government laboratories, research foun- 
dations, and universities. Thus the 
Society brings to bear upon its research 
problems unusual talent and facilities. 

It is suggested that this cooperative 
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approach to research might be used 
advantageousiy by Government depart- 
ments and possibly other defense 
agencies to augment their own laboratory 
studies, especially in matters involved in 
the working out of production methods 
and determining specification limits. 


Research Exhibits at Annual Meeting: 


Emphasis has been placed on the de- 
sirability of research exhibits and as a 
result of invitations extended to various 
companies, committees, and govern- 
mental agencies, several research exhibits 
have been arranged in conjunction with 
the Sixth Exhibit of Testing Apparatus 
and Related Equipment at this annual 


meeting. 


The term of T. S. Fuller expires with 
this annual meeting and the appointment 
of a new member for the term of five 
years will be made by the Executive 
Committee of the Society. 

The principal of the A.S.T.M. Re- 
search Fund is now $29,391.15. Since 
the report a year ago the princip:l was 
augmented by $1300 from the entrance 
fees for 1940 (in addition to the $200 
reported last June) and $600 from 
current (1941) entrance fees. 

The balance of income in the Research 
Fund on May 31, 1941, was $689.12. 
This is after payment of $500 each to the 
Research Committee on Fatigue of 
Metals and Committee E-1 on Methods 
of Testing mentioned earlier in this 
report. The present annual available 
income from the principal of the Fund is 
about $950. 


Administrative Matters: 


Respectfully submitted on behalf of 
the committee, 
G. F. JENKS, 
Chairman. 
C. L. WARWICK, 
Secretary. 
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Committee E-10 on Standards held 
one meeting during the year: in Phila- 
delphia, Pa., on August 28, 1940. 

At that meeting R. P. Anderson was 
elected chairman of Committee E-10 to 
serve until June 1941, at which time his 
term of office as a member of Committee 
E-10 expires. ‘The membership on Com- 
mittee E-10 of J. R. Townsend and J. O. 
Leech expired last year. The Executive 
Committee reappointed Mr. Townsend 
and appointed N. L. Mochel of Westing- 
house Electric & Manufacturing Co. to 
serve as members of Committee E-10 for 
a three-year term, expiring in 1943. 

The Executive Committee and Com- 
mittee E-10 on Standards have con- 
sidered a suggestion that the marking 
clauses in A.S.T.M. specifications should 
contain a requirement that materials or 
products covered therein be marked or 
tagged in some suitable manner to indi- 
cate conformity with the specifications. 
This requirement is to provide identi- 
fication of the material or product as 
furnished by the manufacturer in accord- 
ance with the requirements of the speci- 
fications. The Society is not in any 
sense certifying or guaranteeing compli- 
ance with these requirements; the latter 
remains as heretofore a matter entirely 
between the parties to the specification. 
The standing committees have been re- 
quested to review the specifications in 
their charge and to determine prior to 
the 1942 annual meeting whether mark- 
ing requirements in accordance with this 
policy, if not already provided, shall be 


STANDARDS. 


included; and if so, to include the neces- 
sary revisions in their 1942 reports. 

As in previous years, a considerable 
number of new tentative standards and © 
revisions of existing standards and tenta- 
tive standards have been submitted to— 
Committee E-10 for approval, as given 
in detail later in this report. For the 
most part these were considered at the | 
August meeting of the committee. 


REVIEW OF A.S.T.M. STANDARDIZATION | 
ACTIVITIES 


A summary of the new and revised © 
tentative standards submitted at the 
1940 annual meeting was included in the 
August issue of the ASTM BULLETIN. 
together with a review of the stand- 
ardization work of the various commit- 
tees, with statements concerning new 
standards in prospect. Much of the 
information, particularly with respect to 
standardization projects under develop- 
ment in committees, is furnished by the 
standing committees subsequent to the 
annual meeting and takes advantage of 
the fact that many committees plan their | 
next year’s work at committee meetings 
held during the annual meeting. 

At the present writing, it is possible to— 
make only a preliminary estimate in 
terms of new and revised standards of 
the volume of standardization work ac- 
complished during the year and reported — 
to the Society at this meeting. The re- 
ports of standing committees to be pre-- 
sented at the annual meeting include 
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recommendations to the Society sub- 
stantially as follows: 


mitted by Committee D-11 on Rubber 
Products, and 


Tentative Classification of: 


Fireclay Refractories (C 27-40 T), sub. ; 
mitted by Committee C-8 on Refractories, 


New tentative standards................. 75 
Revisions of existing tentative standards... 77 
Tentative revisions of existing standards... 21 
Tentative standards recommended for adop- 
88 
Revisions of existing standards reommended 
for adoption as standard............... 
Standards and tentative standards with- 
22 


Revisions of the following tentative 
standards and tentative revisions of 
standards were accepted by Committee 
E-10: 
Tentative Specifications for: 

Seamless Copper Tubes (B 75 - 40 7), sub- 

mitted by Committee B-5 on Copper and 
Copper Alloys, 
Paving Brick (C 7-40 T), submitted by | 


_ There are at present 581 standards and 
371 tentative standards of the Society, 
making a total of 952, and if the above 
recommendations are approved this total 


will become 1C05. Committee C-15 on Manufactured Ma- 
sonry Units, 


Crushed Stone for Water-Bound Base and 


CONSIDERATION OF NEW AND REVISED 


Rubber (T-50 Test) (D 599 - 40 T), sub- 


Test for Dielectric Strength of Electrical 


a Surface Courses (D 489 — 40 T), submitted > 
STANDARDS by Committee D-4 on Road and Paving ' 
Proposed new standards accepted by Materials, ‘ 
E-10 and published as tenta- d 
tive during the year are as follows: mitted by Committee D-11 on Rubber ' 
Tentative Specifications for: Tentative Methods of: ; 
Corrosion-Resisting Chromium-Nickel Steel Hydrostatic Pressure Test on Glass Con- ” 
Sheet, Strip, and Plate for Fusion-Welded tainers (C 147 - 40 T), submitted by Com- 
Unfired Pressure Vessels (A 240-40 T), mittee C-14 on Glass and Glass Products, 5 
submitted by Committee A-10 on Iron- Polariscopic Examination of Glass Contain- 
z Chromium, Iron-Chromium-Nickel and ers (C 148-40 T), submitted by Com- 
Related Alloys, mittee C-14, 
Soft Solder Metal (B 32 — 40 T), submitted by Thermal Shock Test on Glass Containers 
Committee B-2 on Non-Ferrous Metals (C 149-40 T), submitted by Committee 1 
and Alloys, C-14, 
Copper-Base Alloys in Ingot Form for Sand Sampling Stone, Slag, Gravel, Sand, and 
Castings (B 30-40 T), submitted by Stone Block for Use as Highway Materials 
Committee B-5 on Copper and Copper (D 75-40 T), submitted by Committee T 
Alloys, Cast and Wrought, D-4 on Road and Paving Materials, 
Concrete Sewer Pipe (C 14 — 40 T), submitted Test for Compression Set of Vulcanized Rub- T 
by Committee C-13 on Concrete Pipe, ber (D 395-40 T), submitted by Com- 
Reinforced Concrete Sewer Pipe (C 75- mittee D-11 on Rubber Products, 
40 T), submitted by Committee C-13, Tension Testing of Vulcanized Rubber (D P 
Reinforced Concrete Culvert Pipe (C 76 412-40 T), submitted by Committee 
40 T), submitted by Committee C-13, D-11, 
Cut-Back Asphalt (Rapid Curing Type) (D Testing Rubber Insulated Wire and Cable P. 
597 - 40 T), submitted by Committee D-4 (D 470-40 T), submitted by Committee 
on Road and Paving Materials, D-11, 
Cut-Back Asphalt (Medium Curing Type) Test for Changes in Properties of Rubber and 
(D 598-40 T), submitted by Committee Rubber-Like Materials in Liquids (D 471 P, 
D-4, 40 T), submitted by Committee D-11, | 
. Testing Cotton Fibers (D 414 - 40 T), sub- | 
_ Tentative Methods of: mitted by Committee D-13 on Textile ' 
Flexure Testing of Glass (C 158-40 T), Materials, 
submitted by Committee C-14 on Glass Test for Index of Refraction of Transparent T 
and Glass Products, Organic Plastics (D 542 —- 40 T), submitted ards 
Test for Physical State of Cure of Vulcanized by Committee D-20 on Plastics, proy 


= 


| 


; Insulating Materials at Commercial Power 

’ Frequencies (D 149-40 T), submitted by 

Committee D-9 on Electrical Insulating 
Materials, 

Testing Solid Filling and Treating Com- 
pounds Used for Electrical Insulation (D 
176 - 40 T), submitted by Committee D-9, 

Sampling and Testing Untreated Paper 
Used in Electrical Insulation (D 202 - 
40 T), submitted by Committee D-9, 

Test for Local Thickness of Electrodeposited 
Coatings on Steel (A 219-40 T), sub- 
mitted by Committee A-5 on Corrosion of 
Iron and Steel, 

Quantitative Spectrochemical Analysis of 
Zinc Alloy Die Castings for Minor Constit- 
uents and Impurities (E 27 - 40 T), sub- 
mitted by Committee E-2 on Spectro- 
graphic Analysis, 

Standard Specifications for: 

Clay Sewer Pipe (C 13-40), submitted by 
Committee C-4 on Clay Pipe, 

Structural Clay Load-Bearing Wall Tile (C 
34 - 39), submitted by Committee C-15 on 
Manufactured Masonry Units, 

Structural Clay Non-Load-Bearing Tile (C 
56 — 39), submitted by Committee C-15, 

Standard Methods of: 

Freezing-and-Thawing Test of Brick (C 67 
- 39), submitted by Committee C-15, 

Sample Preparation for Physical Testing of 
Rubber Products (D 15 — 39), submitted by 
Committee D-11 on Rubber Products, 

Chemical Analysis of Rubber Products (D 
297 — 39), submitted by Committee D-11, 

Testing Molded Materials Used for Electri- 
cal Insulation (D 48 - 39), submitted by 
Committee D-9 on Electrical Insulating 
Materials, 

Testing Electrical Porcelain (D 116-39), 
submitted by Committee D-9, 

Test for Pyrometric Cone Equivalent of 
Refractory Materials, (C 24 - 35) sub- 
mittee C-8 on Refractories, 

Panel Test for Resistance to Thermal and 
Structural Spalling of Refractory Brick 
(C 38 - 36), submitted by Committee C-8, 

Panel Test for Resistance to Thermal and 
Structural Spalling of High Heat Duty 
Fireclay Brick (C 107 - 40), submitted by 
Committee C-8, and 

Panel Test for Resistance to Thermal and 
Structural Spalling for Super Duty Fire- 
clay Brick (C 122-40), submitted by 
Committee C-8. 


The withdrawal of the following stand- 


ards and tentative standards was ap- 
proved by Committee E-10: 


Standard Specifications for: 
Solder Metal (B 32 - 21), recommended by 


Committee B-2 on Non-Ferrous Metals 4 


and Alloys, 

Copper-Base Alloys in Ingot Form for Sand 
Castings (B 30-36), recommended by 
Committee B-5 on Copper and Copper 
Alloys, Cast and Wrought, 

Standard Methods of: 

Analysis of Roofing Felt for Fiber Compo- 
sition (D 272 — 34), recommended by Com- 
mittee D-8 on Bituminous Waterproofing 
and Roofing Materials, 

Chemical Analysis of Rubber Products (D 


297 — 39), recommended by Committee ; 
D-11 on Rubber Products, _ 


Standard Definitions of: 

Fireclay and Alumina-Diaspore Refractories | 
(C 27 - 39), recommended by Committee 
C-8 on Refractories, and 

Tentative Specifications for: 

Iron and Steel Filler Metal (Arc-Welding 
Electrodes and Gas-Welding Rods) (A 
205 — 37 T), recommended by Committee 
A-1 on Steel. 


PROMOTION AND EXPANSION OF 
STANDARDIZATION ACTIVITIES 


As indicated in the report of the > 
Executive Committee, every effort is 
being made to keep the A.S.T.M. stand- 
ards abreast of technological develop- 
ments so as to make them of maximum 
usefulness in connection with defense 
needs. All of the standing committees — 
are alive to the need for currently review- 
ing standards under their jurisdiction. 

It may also prove to be desirable for 
the Society to enter new fields and this — 
matter is also receiving the attention of — 


Committee E-10. However, unless the — 


standards that would be developed would 
be of definite assistance under present — 
conditions, the committee hesitates to 
recommend the organization of any new — 
committees in view of the pressure that is 
now on most technical men in industry. 


RELATIONS WITH AMERICAN STANDARDS 
ASSOCIATION 


Standards Submitted Under Existing — 
Standards and Proprietary Procedure. 
The existing standard method for sub- 
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_mitting standards to the American 


Standards Association, whereby it is 
necessary to show that the standard is 
supported by the necessary consensus of 
those substantially concerned with its 


scope and provisions, is particularly 


appropriate for a large number of 
A.S.T.M. standards. 


Under this pro- 


~ cedure the following methods have been 
; approved during the year by the A.S.A. 


as American standard: 


_ Standard Methods of: 


4 


Testing and Tolerances for Tubular Sleeving 
and Braids (D 354 — 36; ASA L13-1941). 


The Society has been granted pro- 


prietary sponsorship for the revisions of 
standards approved under the existing 
standards method and, functioning as 


_ proprietary sponsor, has submitted to 


to the A.S.A. during the year revisions 
_ of the following standards, all ¢ 
have been approved: | 


of whi ch 


Standard Specifications for: 


Carbon-Steel Castings for Valves, Flanges and 
Fittings for High-Temperature Service (A 
95 — 40; G17.1—1940), 

Forged or Rolled Steel Pipe Flanges, Forged 
Fittings, and Valves and Parts for High- 
Temperature Service (A 105 — 40; G17.3 
1940), 

Gypsum Plasters (C 28 — 40; A49.3—-1940), 

Gypsum Molding Plaster (C 59 — 40; A49.4 
1940), 

Gypsum Pottery Plaster (C 60-40; A49.5 
1940), 

Mineral Iron Oxide (D 84 — 40; K25-1940), 

Chrome Yellow (D 211 — 40; K27—1940), 

Reduced Chrome Green (D 213 - 40; K28— 
1940), 

Prussian Blue (D 261 —- 40; K29—1940), 


Reduced Para Red (D 264 - 40; K31—1940), 
Chrome Oxide Green (D 263-40; K37— 
1940), 
Standard Methods of: 


Laboratory Sampling and “Analysis of Coal 
and Coke (D 271-40; K18—1940), and 


Sampling Coal for Analysis (D 21-40; 
K46—1940). 


REPORT OF COMMITTEE E-10 


4 


On the recommendation of the Society, 
functioning as proprietary sponsor, ap- 
proval as American standard of the fol- 
lowing specifications has been with- 
drawn: 


Standard Specifications for: 
Ultramarine Blue (D 262 — 28; K30—1937) 


Standards Submitted Under Sectional 
Committee Procedure.—Reports were re- 
ceived from several of the sectional com- 
mittees for which the Society is sponsor, 
submitting standards to the ASA for 
approval. These reports were trans- 
mitted to that association and the follow- 
ing standards have been approved for the 
first time or reapproved in revised form 
during the year as American standard: 


On the Recommendation of Sectional Committe 
B36 on Standardization of Dimensions and 
Materials of Wrought-Iron and Wrough- 
Steel Pipe and Tubing: 

Specifications for Welded and Seamless Steel 
Pipe (A 53-40; ASA B36.1—1940), and 

_ Specifications for Lap-Welded and Seamless 
Steel Pipe for High-Temperature Service 
(A 106 — 40; B36.3—1940). 

On the Recommendation of Sectional Committe 
C59 on Electrical Insulating Materials: 

Methods of Testing Electrical Insulating 
Oils (D 117 — 40; C59.2—1941), and 

Methods of Testing Molding Powders Used 
in Manufacturing Molded Electrical In- 
sulators (D 392 — 38; C59.10—1941). 

On the Recommendation of Sectional Committe 
H4 on Copper Wire: 

Specifications for Hard-Drawn Copper Wire 
(B 1-40; H4.2—1941), and 

Specifications for Medium-Hard-Drawn Cop- 
per Wire (B 2 - 40; H4.3-1941). 

On the Recommendation of Sectional Commille: 
L3 on Specifications for Rubber-Lined Fire 
Hose: 

Specifications for Cotton Rubber-Lined Fire 
Hose for Public and Private Fire Depatt- 
ment Use (D 296-35; L3.1—1941) 

On the Recommendation of Sectional Commillt 

; Z11 on Petroleum Products and Lubricants: 

Method of Test for Flash Point by Means of 
the Pensky-Martens Closed Tester (D 93 
~ 40; Z11.7—1940), 

Method of Test for Water and Sediment 
Petroleum Products by Means of Centr 
fuge (D 96 — 40; Z11.8—1940), 
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Method of Test for Water in Petroleum Prod- 
ucts and Other Bituminous Materials (D 
95 - 40; Z11.9—1940), 

Method of Test for Distillation of Gasoline, 
Naphtha, Kerosine, and Similar Petroleum 
Products (D 86-40; Z11.10—1940), 

Method of Test for Distillation of Natural 
Gasoline (D 216 —- 40; Z11.11—1940), 

Methods of Analysis of Grease (D 128 — 40; 
711.16—1940), 

Method of Test for Precipitation Number of 
Lubricating Oils (D 91-40; Z11.30— 
1940), 

Method of Test for Knock Characteristics of 
Motor Fuels (D 357 — 40; Z11.37—1940), 
Method of Test for Unsulfonated Residue of 
Plant Spray Oils (D 483-40; Z11.41— 

1940), and 

Specifications for Stoddard Solvent (D 484 -— 

40; Z11.42—1940). 


Approval of the following methods as 
American tentative standard was with- 
drawn by ASA on the recommendation 
of Sectional Committee Z11: 


Tentative Methods of: 
Test for Sulfur in Petroleum Oils by Lamp 
Method (D 90 — 34 T; Z11.38—1935), 
Test for Color of Lubricating Oil and Pe- 
troleum by Means of ASTM Union 


Colorimeter (D 155 — 39 T; Z11.34—1939), 
and 

Test for Neutralization Number of Petro- 
leum Products and Lubricants (D 188 - 
27 T; Z11.12—1928). 


Sectional Committee Organized.—The 
following sectional committee of interest 
to the A.S.T.M. has recently been or- 
ganized under the procedure of the 
American Standards Association. The 
Society has accordingly appointed a rep- 
resentative thereon and an additional 


a 


representative may be designated at a 
later date: 

Sectional Committee B52 on Classifi- 
cation of Materials for Tools, Fixtures, 
and Gages, represented by B. H. DeLong 
of Carpenter Steel Co. 

Sectional Committee A37 on Road and 
Paving Materials.—Due to the rather 
large size of this committee (129 mem- 
bers—identical with the personnel of 
the Society’s Committee D-4 on Road 
and Paving Materials) ithas proved to be 
rather unwieldy of operation and difficult 
to get complete letter ballots. It has 
also been difficult to divorce the review- 
ing function of the committee when act- 
ing as a sectional committee from its 
originating function when serving as a 
standing committee of the Society. It 
has accordingly been deemed desirable 
to reorganize the sectional committee in 


- 


order to simplify the personnel and to | 


make of it purely a group consisting of 
duly appointed representatives of the 
interested organizations. Invitations 


cy 


have been extended to about thirty such | 


organizations and acceptances have al- 
ready been received from a number of 
them. It is proposed to effect reorgani- 
zation during the present annual meeting. 


Respectfully submitted on behalf of 
the committee, 
R. P. ANDERSON, 
Chairman. 


C. L. WARWICK, 
Ex-officio Secretary. 
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EDGAR MARBURG LECTURE 


"Tes purPOSE of the Edgar 


Marburg Lecture is to have described at the annual meet- 
ings of the American Society for Testing Materials, by lead- 
ers in their respective fields, outstanding developments in 
the promotion of knowledge of engineering materials. 
Established as a means of emphasizing the importance of 


promoting knowledge of materials, the Lecture honors and 


perpetuates the memory of Edgar Marburg, first secretary 


of the Society. 
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INTRODUCTION 


Rubber received its lowly name a 
century and a half ago from the simple 
observation that, in the words of Joseph 
Priestley, it was “excellently adapted to 
the purpose of wiping from paper the 
marks of a black lead-pencil.” Since 
then it has become a material of thou- 
sands of uses. Its unique properties 
kept it for decades as a type of material 
entirely by itself and obtainable only 
from natural sources, but the ingenuity 
of man has recently again accomplished 
“the impossible” and produced rubber- 
like materials which not only duplicate 
the properties of nature’s product but 
even go beyond them. The word rubber 
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properties compared with those of natu- 
ral rubber, and some of their uses de- 
scribed. It must be remembered that 
the author is an organic chemist and 
therefore what he has to say will 
naturally be colored by his training and 
experiences in his chosen field. 


Part I—NATURAL RUBBER 


Crude Rubber; and Pro- 
duction: 


Although in the early 1800’s crude 
rubber was used in the manufacture of a 
number of articles, it caused much 
trouble and loss because it deteriorates 
in air and sunlight, becoming soft and 
sticky at slightly elevated temperatures 


Properties 


and hard and unyielding at freezing 
temperatures. Its widespread adoption 
was therefore curtailed considerably. 
Charles Goodyear’s famous discovery of 
vulcanization in 1839 changed all this 
and opened the doorway to the great 
commercial development of the rubber 
industry. This development later was 
given a tremendous impetus by the 
requirements of the automobile. 
Vulcanization enhances the elastic 
properties of crude rubber and extends 
them over a wider range of temperatures. 
Furthermore, vulcanization of rubber 
decreases its solubility in common sol- 
vents and, what is most important, 
decreases its plastic flow and corre- 
spondingly its permanent set. Another 
way of stating the differences between 
crude and vulcanized rubber is that 


is used very loosely. It is the name 
given to the crude rubber of commerce 
and also to the vulcanized products 
made therefrom. In this paper an 
effort will be made to make its proper 
meaning evident from the manner of its 
use, 

It is not expected that all the uses of 
rubber will be enumerated here. Such a 
plan is not desirable. However, the 
author will endeavor to outline enough 
of the chemical and physical properties 
to enable one to understand how rubber 
can be used in such a wide variety of 
applications. Synthetic rubbers will 
then be discussed in some detail, their 


‘Read on June 25, 1941, before the Annual Meeting of 
the American Society for Testing Materials, Chicago, III. 
cal peter of Organic Research,U. S. Industrial Chemi- 

$, Inc., and Air Reduction Co., Stamford, Conn. 
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crude rubber is elastic and thermoplastic, 
whereas vulcanized rubber is even more 
elastic but nonthermoplastic. Properly 
vulcanized rubber after having been 
stretched returns to approximately its 
original position, and the same piece 
can be stretched time and again with 
the same results. 

For many years the total supply of 
crude rubber was comparatively small, 
the world’s annual production being only 
20,000 to 40,000 long tons. The great 
rubber plantations in the Far East were 
founded in 1876, and, fortunately for the 
development of the automobile industry, 
they were beginning to bear when the 
first automobiles were being manufac- 
tured. Production increased rapidly, 
and since 1934 it has about equaled or 
exceeded 1,000,000 tons annually. Of 
this amount 618,000 tons were imported 
last year into the United States. In the 
same year only about 4000 tons of syn- 
thetic rubbers were produced in this 
country. About 70 per cent of all the 
crude rubber produced goes into tires 
and tubes, and an increasing amount is 
being used in other parts of automo- 
biles. Until recently, plantations have 
been producing only about two thirds of 
their potential output. Today’s price 
of crude rubber is about 20 cents a 
pound. 

Rubber comes almost entirely from 
the famous Brazilian rubber tree, Hevea 
brasiliensis. Other trees and also vines 
and shrubs produce rubber, but the 
Hevea tree has won out in the race for 
supremacy because of its shape, type of 
bark, and adaptability to plantation 
methods. The rubber is found as a 
suspension of tiny droplets in a milk-like 
fluid known as latex which is found in 
all parts of the tree except the wood. 
By cutting into the bark the latex 
vessels contained therein are severed 
and the latex oozes out. Latex contains 
30 to 45 per cent of its weight of solids, 
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most of which on coagulation of the latex 
forms the crude rubber of commerce. 
Rubber comes on the market chiefly as 
pale crepe and smoked sheet, depending 
upon the method used in its final prepa- 
ration. These crude rubbers consist of 
92 to 95 per cent of the rubber hydro- 
carbon, (CsHs),, which is chiefly re- 
sponsible for their properties. Rubber 
also comes on the market as the original 
latex preserved with ammonia. Some- 
times the latex is concentrated, for 
example, by centrifuging, and the solids 
may thus be increased to as much as 
around 66 per cent. Even at this higher 
concentration the latex is fluid, although 
viscous. 


Milling Crude Rubber: 


Crude rubber is very tough and ordi- 
narily must be worked on a mill before 
the necessary compounding ingredients 
can be mixed into it. Milling rubber 
causes it to become soft and plastic, and 
then all kinds of ingredients—powders, 
abrasives, rubber substitute, oils, waxes 
—can be mixed in. In all cases, except 
with solvents, rubber remains the outer 
phase. Milling of rubber is accompa- 
nied by the action of a very small amount 
of oxygen, so small in fact, that it is 
difficult to determine it. In the com- 
plete absence of oxygen, no “breakdown” 
is noticeable. The first sight of broken- 
down rubber makes one wonder how it 
can ever be converted into useful 
products, but vulcanization under the 
proper conditions performs this apparent 
miracle. Much breakdown is required 
for some purposes, especially for the 
extruding of tubes, but generally the 
breakdown is not made any greater than 
necessary for the object in mind, since 
the greater the breakdown, the lower 
are the final physical properties. In the 
manufacture of articles from latex m 
which the rubber is not broken down, the 
physical properties are very high. Large 
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products, however, cannot yet be made 
from latex. 


Results of Research: 


Knowledge of the chemistry and 
physics of rubber was meager until after 
the turn of the century. Again, the 
increase in the use of rubber for tires and 
tubes gave the impetus for a deeper 
study of the properties of rubber. Also, 
the development at the same time of 
colloid chemistry was a strong factor in 
the further study of rubber, since it too 
isacolloid. It is of interest that a great 
deal of the research work on rubber has 
been done in the laboratories of the 
rubber and chemical industries. The 
discoveries of organic accelerators, of 
antioxidants, and of the abrasion re- 
sistance of compounds reinforced with 
carbon black, have been of the utmost 
importance. Not only do organic accel- 
erators reduce the time of vulcanization 
and thus allow more rapid turnover of 
molding equipment, but they also give 
products that have many desirable 
properties not obtainable by sulfur alone. 
Vulcanized rubber slowly deteriorates 
in air and light. Antioxidants have 
lengthened its life and have made pos- 
sible applications, especially in engineer- 
ing, which were impossible before their 
use. Besides greatly prolonging its life, 
they increase its resistance to flexing 
and add other properties of value in the 
mixing of rubber compounds and in the 
fabrication of rubber goods. 


Protected Rubber Is Permanent: 


If rubber is kept away from air and 
light it does not deteriorate. Rubber 
products submerged in water last a long 
time. In certain German lignite mines 
the workmen are familiar with rubbery 
fibers known as “monkéy hairs.”” These 
are now known to consist of fossil vul- 
canized rubber and are the remains of 
rubber originally in the twigs of a type 


in Africa. 


tains a small proportion of sulfur and, in 


of rubber-bearing shrub now found only 
The surrounding lignite con- 


the course of thousands of years, the 
sulfur migrated and caused the forma- 
tion of prehistoric vulcanizates. 


Compounding Rubber: 


Rubber is practically always used in 
the compounded vulcanized state. Un- 
vulcanized rubber is used-only in ce- 
ments, as crepe rubber soles for shoes, 
and in a few other minor instances. To 
make rubber of commercial value, it 
must be mixed with the proper 
compounding ingredients and then vul- 
canized. The choice of the proper 
ingredients and the proper combination 
and proportions of ingredients makes 
possible the infinite variety of uses of 
rubber products. Besides accelerators 
and antioxidants, many other substances 
are incorporated into rubber to give the 
required properties. Carbon black is 
used, as already mentioned, as the chief 
reinforcing agent for resistance to 
abrasion. It also helps to give high 
tensile strength, high resistance to tear, 
and stiffness to a compound. The semi- 
reinforcing blacks also give high tensile 
strength, good resistance to tear, and 
fair resistance, to abrasion, along with 
softness and pliability. Zinc oxide, 
magnesium carbonate, blanc fixe, and 
certain clays act somewhat like the semi- 
reinforcing blacks, although tensile 
strength and resistance to tear are 
generally lower when some of them. 
especially clays, are used. Inert filler 
such as whiting, infusorial earth, some 
clays, barytes, and slate flour are used 
to give body or weight to cheapen 
compounds when high tensile strength 
and resistance to abrasion are not neces- 
sary. Oils, waxes, tars, and mineral 
rubbers (gilsonite, etc.) are used 
softening agents. 
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Transparent Rubber: 


A good grade of crude rubber is trans- 
parent but ordinary vulcanized rubber is 
not. By using a low proportion of sulfur 
and by proper choice of accelerators to 
avoid the later formation of crystalline 
masses, and by using a basic magnesium 
carbonate with a refractive index close 
to that of rubber, it is possible to 


such small objects as plungers for hypo- 
dermic needles and such large objects as 
great airplane tires will be properly 
vulcanized and found to do the work 
required of them. A mistake is costly, 
since once the object is vulcanized it 
cannot be taken apart and done over 
again; in other words, vulcanized rubber 
has never been devulcanized. 


10000 
WA 
5000 a 
c / Mix: 
Rubber ____---- 100 Parts 
4000 Organic Accelerator 7 Parts 
2 Total 162 Ports 
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0 20 40 60 80 100 120 140 160 180 
Time of Cure ,min.at 287F (I4!1C.) 


1G. 1.—Progressive Changes in Tensile Strength of a Natural Rubber Compound with T ime of Cure 


Samples obtained at 15 to 20 min. are soft vulcanized rubber with an optimum cure. They are highly elastic and 
contain about 3 per cent of chemically combined sulfur. Samples taken at 30 to 60 min. are still soft, but 
weak and “short,” and generally are worthless. As the time progresses, the vulcanizates become less elastic and finally 
a and strane. (The recipe is not a commercial one except for hard rubber. For soft rubber only about 3 per cent of 
sulfur is used. 


(Symposium on Rubber, p. 36, Cleveland Regional Meeting, Am. Soc. Testing Mats. (1932). Issued as separate 
publication.) 


produce sheets of well vulcanized rubber Vulcanization: 
that are permanently transparent. 


Molding: 


Practically all rubber articles are 
molded. Molding makes it necessary 


to build up rubber compounds with the agents are known, but their - is “ 
proper ingredients in order that the limited. Therefore vulcanization 


final product will be of the desired ‘rude rubber as discussed in this paper 
quality and dimensions. The work of ™eans vulcanization with sulfur. . 

the compounder who plans the com- Vulcanization produces definite 
pound for a definite purpose is very changes in the rubber. These changes 
important. He it is who outlines what _ can be defined and frequently measured; 
must be mixed into rubber in order that yet no good theoretical explanation of 


Although the use of sulfur as a vul- 
canizing agent was discovered over 4 
hundred years ago, it is still practically 
the only vulcanizing agent used. Other 
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vulcanization has been made. It is 
known that the sulfur combines chem- 
ically with the rubber hydrocarbon, but 
this chemical combination does not 
explain all that takes place. Further- 
more, the rate of chemical combination 
of sulfur has never been explained fully, 
since the curve of the rate of addition 
versus time is a straight line function, 
and the law of mass action seems to have 
no effect. The proportion of chem- 
ically combined sulfur to give soft 
vulcanized rubber may vary from ap- 
proximately 0.5 to 5 per cent. A com- 


is said to have the “optimum cure.” 
Such a cure is difficult to define but it 
ordinarily has the highest tensile strength 
obtainable with the compound being 
studied, has good elongation, low perma- 
nent set, and good tear resistance. An 
“undercured”’ stock, obtained by heating 
for a shorter time or at a lower tempera- 
ture, has a low tensile strength, a high 
elongation, is more soluble than the stock 
with the optimum cure, shows poor 
aging, and in general is sleazy. An 
“overcured” stock, obtained by a longer 
time of heating or at a higher tempera- 
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Fic. 2.—Rate of Cure of Natural Rubber—The Desirable “Table-Top” Cure (A) and the 
Undesirable Type Cure (B). 
(Vanderbilt News, Vol. 4, No. 6, p. 9 (1934).) 


pound with 32 per cent of sulfur 
chemically combined has all the double 
bonds known to be in the rubber hydro- 
carbon saturated, and such a vulcanizate 
ishard rubber or ebonite. The types of 
compounding, the use of different accel- 
erators, and different temperatures, all 
affect the type of final product. The 
practical generally precedes the theo- 
tetical, and this statement is well borne 
out in the field of rubber. 


Optimum Cure: 


Properly vulcanized rubber, that is, 
tubber which has the ‘‘best” properties, 


ture, may also have a low tensile 
strength, is “short” (that is, has low 
stretch), usually tears easily, and gen- 
erally is rather hard and harsh. As a 
rule, the stock with the optimum cure 
gives the best service, including good 
aging. 


Table-Top Cures: 


For many years compounds were 
generally cured at 141 to 147C. (40 to 
50 psi. steam pressure). However, com- 
pounds cured at lower temperatures 
usually have better physical properties 
than those cured at the higher temper- 
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atures. Certain accelerators can be 
used at the lower temperatures, about 
130C. (25 psi. steam pressure), and 
fortunately these accelerators give sus- 
tained properties, even though the 
stock is cured for a rather long period 
of time. In other words they have 
a tendency to prevent overcuring, and 
thus they give so-called table-top cures. 
The accompanying diagram illustrates 
this point. The importance of this 
type of cure is seen in the vulcaniza- 
tion of tires, the outside of which, 
although actually heated longer at 
the vulcanizing temperature, is not 
overcured while the inside layers during 
the same time are properly cured. 
Furthermore, for this same reason, it is 
now possible to cure heavy slabs or 
large sections of rubber, even though 


rubber is a poor conductor of heat and 


the outside is heated for a long period. 
Since rubber has low thermal conductiv- 
ity and since vulcanization is an exo- 
thermic reaction, when a large or thick 
object is being vulcanized the tempera- 
ture must be raised slowly and later 
lowered slowly over an extended period 
of time. 


Bloom: 


Sulfur is soluble in both raw and vul- 
canized rubber. If the amount of un- 
combined sulfur in a vulcanizate is 
greater than its solubility the excess 
crystallizes throughout the mass and on 
the surface where it forms a gray finely 
crystalline powder known as_ bloom. 
Bloom does no special harm, but it is 
unsightly. Therefore, the amount of 
sulfur and the conditions of cure are 
adjusted in such a mannér that most of 
the sulfur will be “driven home,” and 
thus avoid the formation of bloom. The 
use of modern accelerators and careful 
compounding make this possible. 
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Protection Against Aging: 


Mention has already been made of the 
aging of rubber compounds. Oxygen 
and ozone in the air are probably the 
greatest enemies of rubber, and the use 
of antioxidants is at present the only 
known method to combat their action. 
The conditions under which the rubber 
is used have much to do with the rate of 
its deterioration. For example, rubber 
that is kept slightly stretched, at an 
elongation of 5 to 20 per cent, will for 
some unknown reason deteriorate much 
more rapidly than the same rubber at 
rest or at higher elongations. It is well 
known that the portion of a rubber tube 
that is stretched over a nipple rapidly 
hardens and cracks. Therefore, rubber 
used in a bent position, like the edge of a 
stair tread or an automobile running 
board, is molded in its final shape in 
order to avoid the rapid deterioration 
which would occur under the slight 
stress in its bent position. 

Higher temperatures also increase the 
rate of deterioration, and special com- 
pounding is employed to produce com- 
positions that will withstand them. 
Much has been learned in recent years 
about heat-resisting stocks because tires 
and inner tubes on buses and high-speed 
trucks now run at much higher tempera- 
tures than formerly. 

Sun cracking or sun checking is still a 
major problem which has not been 
solved completely. Sunlight and ultra- 
violet light produce a hardening of the 
surface of rubber goods and the harden- 
ing is followed by the cracking of the 
surface. The action is complex and 
probably consists of some form of poly- 
merization, auto-oxidation and oxidation 
with ozone, and also overvulcanization 
from the absorbed heat. Black com- 
pounds are affected more rapidly than 
light-colored compounds. Sulfur bloom 
on the surface is somewhat beneficial, 
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but the surface bloom of crystals of 
hydrocarbon waxes used in the original 
compounding affords the greatest pro- 
tection. 


Chemical Properties: 


As already stated, the rubber hydro- 
carbon is unsaturated and it contains 
one double bond for each C;Hs group. 
Unsaturation generally means that the 
substance is very reactive chemically, 
but this activity is considerably de- 
creased in substances of very high molec- 
ular weight. Both raw and vulcanized 
rubber have very high molecular weights 
and are surprisingly inactive toward 
many strong chemical agents. In some 
cases the rate of reaction is only slowed 
up and eventually the total reaction 
takes place. 

Concentrated hydrochloric acid acts 
very slowly but: gradually forms a layer 
of a hard hydrochloride, while the por- 
tion inside retains its characteristic 
rubber properties. Fifty per cent sul- 
furic acid shows no apparent action, 
although acid of higher concentration 
slowly destroys rubber. Tank cars are 
lined with rubber for shipment of many 
corrosive chemicals. Since hard rubber 
is already chemically saturated with 
sulfur, it withstands the corrosive action 
of chemicals to a much greater degree 
than soft rubber. 


Chemical Derivatives: 


_ The chemical unsaturation of rubber 
is taken advantage of in the preparation 
of several commercially useful products. 
Oxidation products in which a compara- 
tively small proportion of oxygen is 
combined with the rubber hydrocarbon 
are used as adhesives and in paints. 
Chlorinated rubber, which contains 
about 66 per cent of chlorine and is both 
an addition and a substitution product, 
finds application in corrosion-resisting 
paints because of its stability towards 


strong acids and their fumes. 
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Rubber 
hydrochloride can be produced in thin 
transparent sheets which are useful for 
packaging and for making raincoats. 


Rubber and Cotton: 


There are many cases where the unique 
stretchability of rubber is not needed, 
but its resiliency, resistance to abrasion, 
and impermeability to moisture are 
needed. In such cases the rubber is 
supported with cotton fabric. Tires, 
boots and shoes, tarpaulins, gaskets, 
diaphragms, hose, and belting are fa- 
miliar products containing a cotton 


framework. The cotton imbedded in 


the rubber, where it is free from the 
action of air and moisture, has long life 
and thus can serve its purpose well. 


Part II—SyNTHETIC RUBBERS 
Synthesis and Structure: 


When a naturally-occurring organic 
substance is synthesized in the labora- 
tory, it is generally not difficult to make a 
positive identification of the synthetic 
and the natural. There are, however, 
substances, especially those of very high 


molecular weights, which cannot at the 


present time be identified so definitely. 


In some cases these substances are 


probably mixtures, but even when they 


may consist of a single substance it is’ 


excectingy difficult, if not impossible, 


to show that the laboratory product is 


exactly the same as the natural. Such 


a substance is rubber. 


The structure of the rubber hydrocar- 
bon is fairly well, although not com- 
Its empirical for- 
mula is (C;Hs) -, and its structure is best 


pletely, understood. 


CH; 
represented as (— CH2-C:CH-CH2— )-. 
Since the hydrocarbon _ isoprene, 

CH; 


CH):C-CH:CHp, can be obtained from 
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it by heat decomposition, and since 
rubberlike products can be prepared by 
heating isoprene in the presence of a 
catalyst, rubber is considered to be a 
polymer of isoprene. These synthetic 
substances are similar to but not identi- 
cal with the rubber hydrocarbon, and 
therefore the statement can be made 
that rubber itself has never been synthe- 
sized. And yet in scientific articles, 
books, and newspapers, and on the radio 
the term “synthetic rubber’ has been 
used time and again. The explanation 
of this apparent anomaly lies in the fact 
that rubber is now also considered as the 
name of a type of material instead of 
only a chemical individual. In _ this 
sense, rubbers have been synthesized 
and the term “synthetic rubber’ is 
justified. 


Polymers: 

Rubber itself and all the synthetic 
rubbers are polymers, that is, as indi- 
cated by the meaning of the term, they 
are made up of “many parts.” Rubber, 
as stated above, is probably a polymer 
of isoprene; that is, it consists of the 
union of a great many molecules of 
isoprene. Although the laboratory poly- 
merization of isoprene gives a synthetic 
rubber, it must not be assumed that the 
rubber tree makes rubber in the same 
manner, since isoprene has never been 
q found in the rubber tree, and the mecha- 

nism of formation of natural rubber is 
7 entirely unknown, 


Butadiene Polymers: 


Isoprene is somewhat difficult to make 

and is not a commercial chemical, and 

‘ synthetic rubbers made from it have not 
been of practical value. However, 
its chemical parent 1,3-butadiene, 
CH2:CH-CH:CHe, is made commer- 
cially and is the basic material for several 
synthetic rubbers. Butadiene is a con- 
jugated diolefin, since it is an unsatu- 
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rated hydrocarbon containing two 
double bonds in alternate or conjugated 
positions. When an unsaturated sub- 
stance polymerizes, part of the unsatu- 
ration always disappears. The polymers 
of butadiene are large cyclic compounds 
made up of butadiene residues arranged 
end to end and having the structure 
(—CH,-CH:CH-CH2—)., or they are 
similar long chain compounds with an 
extra double bond at one end. These 
polymers may have molecular weights of 
at least 100,000, and contain upwards of 
1800 butadiene residues. Natural rub- 
ber varies in molecular weight from 
100,000 to 300,000, and therefore prob- 
ably contains from approximately 1500 
to 4500 isoprene residues. 


History of Synthetic Rubbers: 


Isoprene was first separated by Wil- 
liams in 1860 as a definite compound 
from among the products of the destruc- 
tive distillation of rubber, and fifteen 
years later its relation to rubber was 
recognized by Bouchardat who actually 
converted it to a rubberlike solid. In 
1892 Tilden reported that a sample of 
isoprene which he had prepared from 
turpentine had spontaneously polymer- 
ized to “rubber.” Early in the present 
century Kondakoff found that 2,3 

CH; CH; 
dimethylbutadiene, CH,:C - C:CHs, 4 
homolog of butadiene and of isoprene, 
slowly polymerizes to a rubberlike prod- 
uct, and similar observations were made 
concerning piperylene or 1-methylbuta- 
diene, CH;CH:CH.CH:CHp, which 1s 
an isomer of isoprene, and of butadiene 
itself. During the first World War 
about 2500 tons of synthetic rubber were 
manufactured in Germany from 2,5 
dimethylbutadiene. Since this substance 
is a methyl derivative of isoprene the 
product was known as methyl rubber. 
After the war, work on synthetic 
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rubber lagged for several years until 
stimulated by the rise in the price of 
natural rubber in 1925, caused by the 
Stevenson restriction scheme and also 
by the desire of certain countries to be 
self-sufficient in basic commodities. Re- 
search then became very intensive and 
the several synthetic rubbers on the 
market today are the results of those 
activities. 

The manufacture of these products 
depends upon an unlimited source of raw 
materials, and it is not surprising that 
petroleum is the chief source with 
alcohol and calcium carbide as the other 
sources. 


Definition of Synthetic Rubber: 


From what has already been given, 
it is seen that the term synthetic rubber 
can cover a great many possible mate- 
rials. At first the term was applied 
only to substances having chemical 
structures very similar to natural rubber, 
but as other rubberlike materials have 
been produced, even though their struc- 
tures are very different chemically, it has 
been extended to cover them also. 
Then the term rubberlike comes up for 
explanation. It must be remembered 
that rubberlike refers not only to natural 
tubber but to practically all the vulcan- 
ied products made from it. These 
products may be soft and have high 
stretch and rapid return, or they may 
be very stiff and have low stretch and 
slow return depending upon how they 
are compounded, and yet all are from 
tubber and their properties have been 
thought of as rubberlike. Therefore, 
it can easily be seen why the term syn- 
thetic rubber has been used to cover so 
Many types of synthetic materials. 

_Rubber and all these synthetic mate- 
rials are plastics, but they are elastic 
plastics, and that is why they are 
grouped separately. It is difficult to 
draw a line of demarcation, since even 
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some of the nonelastic plastics become } 
elastic at temperatures above that of the 

room. A definition of synthetic rubber ' | 
therefore should cover their chief prop- - 
erty, which is stretchability and rate and . 
completeness of return, with no regard 

to its chemical composition. How much 
stretchability and how rapid a return are ‘ 
important questions. A synthetic rub-— 

ber may be defingd as a substance that — 

can be stretched to at least twice its — 
original length and that after having — 
been stretched returns to approxi- ; 
mately its original length or position in a 
reasonable time. The amount of elonga- 

tion and the statement of the reasonable j 

time of return should be set by commit-_ 
tees of national or international organiza- 
tions before they can be made official. 


Nomenclature: 


Almost four years ago the author was 
requested by the editor of Industrial — 
and Engineering Chemistry to discuss — 
the nomenclature of the synthetic rub- 
bers and to include a classification of — 
them and new names for them. This 
was done, and since some of the terms — 
suggested have been used rather widely — 
they are outlined here, although they 7 
have not yet been adopted officially. 
Their derivations are obvious. 

All the synthetic rubberlike materials — 
are grouped under the general heading — 
elastomers. Those rubbers which are j 
prepared from butadiene and its deriva- — 
tives are called elastoprenes. Besides 
the butadiene rubbers, this term in- 
cludes natural rubber, since it is theoreti- 
cally considered to be a polymer of 
isoprene, and neoprene, which is a 
polymer of chloroprene or 2-chloro-— 
butadiene. The rubberlike polymers 
(vistanex) of the simple olefin isobutene 
are called elastolenes, and the reaction — 
products of ethylene dichloride and 
alkali polysulfides, known commercially 
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vinyl chloride. 


as thiokols, are called elastothiomers. 
) All the others are grouped under the 
heading elastoplastics, which includes 
koroseal—a rubberlike, plasticized poly- 


Composition of Synthetic Rubbers or 
Elastomers: 


As indicated, the synthetic rubbers or 
elastomers on the market are quite 


im 
- - varied in their chemical composition. 
> 7 A few of them are prepared from two 
separate starting materials which are 
- polymerized in the same operation to 
a form mixed or co-polymers. In these 


co-polymers the two substances are 
united chemically in the polymeric 
chain. Butadiene is generally used as 


one starting material, and at present the 
other two materials used commercially 


Fic. 3.—Coagulated Neoprene Being Dumped from Polymerization Kettle. 
(Courtesy of E. I. du Pont de Nemours and Co.) 


are styrene, CsHs-CH: and acrylo- 
nitrile, CH2:CH-CN. Butadiene and 
styrene give a synthetic rubber known 
as buna S, and butadiene and acrylo- 
nitrile give products called perbunan oF 
perbunan extra, depending on the pro 
portion of acrylonitrile. Ameripol, hy- 
car, and chemigum are also prepared 
from butadiene copolymerized with sub- 
stances whose compositions have n0 
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been made public. All of these co- 
polymers contain high proportions of 
butadiene. Butyl rubber is a _ co- 
polymer in which the butadiene is in 
the low proportion, and an olefin is in 
the high proportion. Butyl rubber is 
not yet commercially available. 

The co-polymers of butadiene and the 
polymers of chloroprene are usually 
prepared in the form of an emulsion in 
water in the presence of a catalyst. 
The final product is therefore an arti- 
ficial latex. These latices contain par- 
ticles which on the average are smaller 
than those in natural rubber latex, and 
are used in the same general manner for 
impregnating fabric, etc. The solid 
elastomer is usually obtained by coagu- 
lation with a weak acid just as natural 
rubber is obtained. 

The chloroprene for neoprene rubber 
is prepared by forming a dimer of 
acetylene, namely, vinylacetylene, 
HC:C-CH:CHe, and adding HCl to 
this. A rearrangement takes place to 
give chloroprene, CH»:CCl-CH:CHb. 
The chloroprene is also polymerized as 
an emulsion, and the artificial latex ob- 
tained is then coagulated to form 
neoprene. There are several types of 
neoprene depending upon how they are 
prepared and made ready for the market. 

The reaction product of ethylene 
dichloride and alkali polysulfides is also 
obtained as an artificial latex which is 
coagulated to give thiokol. Thiokol 
latex has larger particles than those 
just described. Besides ethylene di- 
chloride other dichlorides are also used, 
such, for example, as 2,2’-dichloro- 
ethyl ether, 
which with sodium tetrasulfide gives 
thiokol B; and glycerol dichlorohydrin, 
CH,CICH(OH)CH.CI, which gives vul- 
caplas, an English product. 

Xoroseal is polyvinyl chloride plasti- 
cized with a high proportion of tricresyl 
phosphate or other plasticizer. Vinyl 


chloride has the structure CH,:CHCl | 
and can be prepared from ethylene di- 
chloride by the removal of one HCl or 
from acetylene by the addition of one 
HCl. Polyvinyl chloride is a white 
powder with no resemblance to rubber, 
but when properly plasticized it gives a 
rubberlike product with many interesting — 
properties. 

Table I summarizes part of the above | 
information and gives a more definite 
idea of the chemical relations of the 
different starting materials and their 
polymers. Note the recurrence of the 
vinyl radical, CH,:CH-, in the com- 
pounds. 


In Table I, the monomer is the starting 
material or basic substance, and unit of 
polymer represents a section of the 
polymer. The structure of the unit as : 


given has been determined by chemical 
and physical means but does not show 
the exact relationship of these units to’ 
each other in the chain; in other words 
they do not always occur in regular 
order as indicated. In natural rubber 
there is little doubt that the methyl — 
groups occur regularly, but since isoprene 
is unsymmetrical, synthetic isoprene 


rubber has the isoprene groups joined in 

hit-or-miss fashion with the result that 

the methyl groups occur irregularly. | 

Furthermore, even in synthetic buta- 

diene rubber which begins, so to speak, 

with a simple symmetrical molecule, 

there are units as given, but the polymer 

is not symmetrical because the structure 

is complicated probably by the presence 

of cross-linkings and irregular unions. 
Also, the units of co-polymers cannot 

always be like those given, since the 

molecular proportions of the starting 

materials vary considerably. For ex- 

ample, perbunan contains about 7 per 

cent nitrogen and therefore is made up 

of about 26 per cent of acrylonitrile. 


Since the molecular weights of butadiene 
and acrylonitrile are almost identical, 
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‘TABLE I.—CHEMICAL STRUCTURES OF DIFFERENT VARIETIES OF SYNTHETIC RUBBERS, 
Monomer | Unit of Polymer 
SmmpLE POLYMERS ~ 
HHHH H HHH 
Cc=C—C=C —C—C=C—C— 
H H H H 
1,3-butadiene The numbered bunas, SKA, SKB, or ker 
H d H H 
cC=C—-C=—C ~—C—C=C—C— 
H H H 
Isoprene (2-methyl-1,3-butadiene) Natural rubber 
CH;CH: 
| | H H d | H 
— —C—C=C—C— 
H H iH H 
-2,3-dimethyl-1,3-butadiene Methyl rubber 
Cl Cl 
H H H H d H H 
C=C—C=C —C—C=C—C— 
H H H H 
Chloroprene (2-chloro-1,3-butadiene) Neoprene, Sovprene, or mustone 
| H é H 
C=C —C—C— 
H | H 
‘Hs CHs 


Vistanex, Oppanol 


Isobutene (2-methyl-1-propene) 


H H H H 
C=C —C—C— 
| H 
Cl Cl 


Vinyl chloride Polyviny] chlerice 
‘ Plasticized naterials 
Koroseal, Korogel, or Flamenol 
Co-POLYMERS 
HHHH HH HH HH HH 


C=C—C=C + C=C —C—C=C—C—C—C— 
H H — H HH | 
() 


oe Butadiene + styrene (vinyl benzene) Buna S or Buna SS 
HHHH HH HHH HHH 
C=C—C=C + C=C —C—C=C—C—C—C— 
H H H H H H | - 
=N 
Butadiene + acrylonitrile (vinyl cyanide) Perbunan or Perbunan Extra 
ELASTOTHIOMERS 
ss 
H H H H |i il 
cl—C—C—Cl + Na—S—S—Na —C—C—S—S— + 2 NaCl 
H H H H 
=a Ethylene di- Sodium tetra- Thiokol A 
chloride (1,2- sulfide 
dichloroethane) 
H H H H i H H HH ji il 
cl—C—C—O—C—C—Cl + Na—S—S—Na —C—C—O—C—C—S—S— + 2 NaCl 
H H H H H H H H 
. Dichloroethy] ether Sodium tetra- Thiokol B or Perduren G 
) sulfide 
Co-POLYMERS 
Butyl rubber “‘is a co-polymer of olefins with small amounts of diolefins.” eT not bees 


Chemigum and Hycar OR are co-polymers of butadiene and other substances, 


made public. 
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54 and 53, the molecular as well as the 
weight ratio is 3 to 1; that is, there are 
three molecules of butadiene to one of 
acrylonitrile in the chain. The acrylo- 
nitrile must surely be located in irregular 
fashion along the chain, and besides there 
may be cross-linkings. 


Commercial Production: 


The Russians were the first large 
producers of synthetic rubber. They 
obtain butadiene from alcohol and 
petroleum, and polymerize it in the 
presence of metallic sodium in ac- 
cordance with the methods discovered 
independently in 1910 by Harries and 
by Matthews and Strange. The Rus- 
sian sodium rubbers are designated by 
the initials of the Russian words for 
synthetic rubber followed by A and B 
depending upon whether the starting 
materials are petroleum or alcohol, 
namely, SKA and SKB. Production is 
said to be around 50,000 long tons a year. 
The Germans obtain butadiene chiefly 
from petroleum; some is synthesized 
from acetaldehyde which in turn comes 
from alcohol or acetylene. Their early 
rubbers were produced in the presence 
of sodium and named “buna” from the 
first two letters of butadiene and the 
first two letters of natrium, the German 
name for sodium. The rubbers formed 
by polymerization with sodium are 
given numbers, which refer to viscosi- 
ties determined under arbitrary condi- 
tions: buna 85, buna 115, etc. The 
Polish product was called ker. In 
general the sodium rubbers are not as 
good as natural rubber, whereas the 
hewer types made by copolymerization 
are often equal and in some respects 
superior to natural rubber. Germany 
has a capacity of 40,000 to 60,000 long 
tons annually and therefore can take 
care of at least two thirds of her normal 
rubber requirements. 

In the United States annual produc- 
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tion of the different synthetic rubbers 
has been increased from 4000 long tons — 
in 1940 to about 10,000 long tons at the | 
present time. Within a year from this | 
time the annual production is expected 
to be at the rate of 40,000 long tons a 
year. How close the industry can 
come to that amount is problematical. — 
Last year the chief synthetic rubbers 
were neoprene and thiokol. At the 
present time neoprene is being produced 
at the rate of 6000 long tons a year. 
Thiokol production is around 1500 — 
tons. The butadiene co-polymers are 
being produced at the rate of approxi-— 
mately 3000 long tons a year and soon’ 


—4000 " 
a. 
3500 
/ 
© 
3,000 Neoprene 100 Parts 
Magnesia 10 Parts 
2 2500 Wood Rosin 5 Parts 
2 Zinc Oxide _ 5 Parts} 
Total 120 Parts 
2000 —— 
20 40 60 80 100 120 


Time of Cure, min. ot 287F.(I41C.) 


Fic. 4.—Rate of Cure of Neoprene. 
(Transactions, Inst. Rubber Industry, Vol. 14, p. 272 
(1939).) 


will be produced at the rate of about 
5000 long tons. 

Neoprene manufactured in Russia 
goes under the name of sovprene, and 
in Japan under the name of mustone. 

Synthetic rubbers are also being 
manufactured in Italy and England, but 
the amounts are small. 


Vulcanization: 


As already stated, the commercially 
available synthetic rubbers vary in their 
chemical composition, and therefore it 
is not surprising that their vulcanizing 
characteristics vary also. The buta- 
diene co-polymers are nearest to natural 
rubber in chemical type and they can be 
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- vulcanized with sulfur, zinc oxide, and 


accelerators more or less as natural 
rubber is vulcanized. Neoprene is also 
structurally similar to natural rubber, 
but it has a chlorine in place of a methyl 
group, and this makes a difference in its 
vulcanization. Neoprene can be vul- 
canized with sulfur, but sulfur is not 
necessary since vulcanization can be 
effected by heat alone. It is probable 
that a trace of oxygen is required and the 
small amount necessary is no doubt al- 
ways present dissolved in the material. 
Sulfur in fact, is not always desirable, 
since it lowers the heat and water re- 
sistance of neoprene compounds and 
tends to promote hardening or aging at 
elevated temperatures. On the other 
hand, sulfur improves the resilience and 
permanent set and this is advantageous 
since neoprene is inferior to natural 
rubber in these properties. 

Butyl rubber, the co-polymer of a 


_ large proportion of an olefin and a small 


proportion of butadiene, is vulcanized 
like the other butadiene derivatives 
with sulfur, zinc oxide, and an ac- 
celerator. 

The thiokols require a metallic oxide 
like zinc oxide, and sulfur acts as an 
accelerator! 

Polyisobutene or vistanex is not vul- 
canizable. It softens with heat and can 
be molded or mixed with rubber, but it 
remains a thermoplastic material. Plasti- 
cized polyvinyl chloride or koroseal is 
also a thermoplastic material and cannot 
be vulcanized. It retains its shape and 
properties so long as it is not used above 
te C. 

When rubber is much overcured a 
change known as reversion takes place. 
This change consists of a typical soften- 
ing of the compound and a general 
lowering of the desirable physical proper- 
ties. The synthetic rubbers do not 
show reversion, and therefore even extra 
long heating is not disadvantageous but 
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gives the desirable table-top cures men- 
tioned above. 

The butadiene rubbers can also be 
converted into hard rubbers just as 
natural rubber by the use of a large 
proportion of sulfur. These hard rub- 
bers have higher softening temperatures 
and also lower cold flow than those from 
natural rubber. Neoprene has never 
been converted into a hard rubber type, 
and since vistanex, thiokol and koroseal 
are not vulcanized with sulfur they are 
not converted into hard rubbers. Mix- 
tures of neoprene, vistanex, or thiokol 
with natural rubber and high sulfur give 
hard rubbers that are flexible. 


Processing: 


Although in general it is true that the 
synthetic elastomers can be handled on 
regular rubber mills and other machin- 
ery, it cannot be said that they can be 
handled the same as natural rubber. 
They are more resistant to air oxidation, 
and therefore the oxygen of the air does 
not cause the same breakdown. Also, 
temperature effects and softening effects 
with solvents are very different than 
with natural rubber. Lower tempera- 
tures and lower speed ratios of mill rolls, 
and smaller size of batches are generally 
required. 

Buna S is given a permanent softening 
by heating it in hot air. This method 
makes it millable and yet does not ap- 
preciably change the properties of the 
vulcanizates. Perbunan, chemigum, and 
hycar have a high degree of nerve, and 
although they can be masticated with a 
tight mill they are best processed by the 
addition of special softening agents. 

Neoprene can be processed 
what like rubber with only minor 
changes, and care is exercised in the 
order of adding the compounding i 
gredients to prevent scorching oF the 
stiffening which occurs with premature 


vulcanization. 
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Vistanex, thiokol, and koroseal are 
processed without any great difficulties. 


Compounding: 

Carbon black and the semireinforcing 
blacks are the most important com- 
pounding ingredients for the synthetic 
rubbers. Without these blacks the com- 
pounder would have considerable diffi- 
culty. This statement does not mean 
that good serviceable compounds can- 
not be made without the blacks, but the 
compounds with optimum physical prop- 
erties are made with them. Carbon 
black gives compounds with high tensile 
strength, and good abrasion and tear 
resistance. The semireinforcing blacks 
produce compounds having somewhat 
higher elongations, greater resilience, 
lower permanent set, and better fatigue 
and flex resistance but lower tensile 
strengths than carbon black. 

Although the general principles used 
in compounding natural rubber are 
applicable to the synthetic rubbers, 
each synthetic rubber requires special 
treatments to produce the best results. 
Besides the milling already discussed, 
compounding differs somewhat to give 
proper handling on the calenders and in 
the extruders, proper tack for building 
up operations, resistance to heat and 
abrasion, and other desirable properties. 

Softeners are used to a greater extent 
with synthetic rubbers than with natural 
rubber, since the synthetic rubbers are 
tougher than natural rubber. In com- 
pounds designed for solvent resistance 
it is advisable, of course, that a softener 
be selected that will not be extracted by 
the solvent in service, or, if it is ex- 
tracted, that the compound be of a type 
which will still be satisfactory for con- 
tinued service. 

Since synthetic rubbers show much 
better resistance to aging than natural 
rubber, it is not always necessary to 
use antioxidants for this purpose. How- 


‘increased, the intensity of the spots in- 


-thousand per cent elongation gives a 


ever, the synthetic rubbers have a 
tendency to continue to polymerize in 
storage, and antioxidants have been 
found to act as retarders of polymeriza- 
tion. The butadiene co-polymers and 
neoprene generally contain upwards of 
2 per cent of an antioxidant, . phenyl- 
beta-naphthylamine. In _ heat-resistant 
compounds it is necessary to add more 
of the antioxidant incorporated origin- 
ally in the stock or to add another anti- 
oxidant to further retard the polymeriza- 
tion and prevent hardening. 


X-ray Structure: 


The X-ray diffraction pattern of .un- 
stretched natural raw rubber at room 
temperature consists of a broad halo, 
which is typical of any liquid. How- 
ever, when natural raw rubber 
stretched, above about 75 per cent 
elongation, there appears a fiber pattern 
of symmetrical spots which is charac- 
teristic of crystalline or definitely ori- 
ented structures, and as the elongation is 


creases and the intensity of the halo 
diminishes. Racked rubber at several 


pattern of such definite sharpness that 
it can be concluded that about 80 per 
cent of this highly stretched rubber is 
probably crystalline. Vulcanized rubber 
acts like raw rubber, except that the 
crystal pattern does not begin to appear 
until above about 150 per cent elonga- 
tion. No crystal pattern appears when 
raw rubber is stretched very slowly, 
when stretched at temperatures above 


the vapor of a solvent. 
rubber also shows no crystal pattern 
even when highly stretched. Un- 
stretched frozen rubber gives a pattern 
of continuous sharp rings like that of 
grains of a crystal powder in random 
orientation. 
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These are the facts concerning this at least in part, or oriented as fibers jn 
interesting type of investigation, but line with the direction of stretching, 
the interpretation of them is not so The percentage of crystalline material 


(c) Vistanex, stretched. d) Chemigum, stretched. 
/ ’ 56 


Fic. 5.—X-ray Diffraction Patterns. 
(India Rubber World, Vol. 103, No. 6, p. 37 (1941); Courtesy of Goodyear Tire and Rubber Co.) 


definite. Apparently, when rubber is may be calculated for an elongation by 
stretched, individual molecules or por- measuring the ratio of the intensity of a 
tions of molecules become crystalline, fiber spot to that of the amorphous halo. 
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On retraction, the ordered or crystalline 
portion tends to persist, and by plotting 
the percentage of crystalline material 
against the percentage elongation, a 
crystallization hysteresis loop is obtained 
which is analogous to the usual stress- 
strain hysteresis loop. A study of the 
crystallization hysteresis loops has es- 
tablished a direct connection between the 
degree of crystallinity and creep, ex- 
tensibility, resilience, and _ ultimate 
strength. 

What sort of diffraction patterns do 
the synthetic rubbers give? The buna 
rubbers give no fiber patterns, only the 
amorphous halo, whether they are 
stretched or unstretched. These rub- 
bers may have their constituent groups 
united in irregular order and also with 
cross linkages. Synthetic isoprene rub- 
ber gives no fiber pattern, probably also 
because the methyl groups are found in 
irregular order along the chain. The 
chlorine atoms in neoprene evidently 
exercise an orienting influence to bring 
the chlorine atoms in regular position, 
since it shows a fiber pattern when 
stretched. Unsaturation has apparently 
nothing to do with this phenomenon, 
since stretched polyisobutene (vistanex) 
gives a beautiful fiber pattern. Some 
of the thiokols show a fiber pattern when 
stretched and some do not. 

It had been thought that the results 
with X-rays would solve the problem of 
why rubbers stretch. However, the 
formation of crystallites as shown by 
X-rays is not a necessary characteristic 
of rubberlike substances. It is probable 
that the ability to stretch and retract 
lies in the alignment of long chain 
molecules, and that upon release of the 
stress the relatively ordered arrangement 
is changed and destroyed possibly by 
thermal agitation. Also the X-ray dif- 
fraction pattern gives no direct informa- 


tion as to the magnitude of the forces 
involved. 
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Part AND APPLICA- 


TIONS OF SYNTHETIC RUBBERS 


In tensile strength, stretchability and 
speed of comeback, resilience, and low- 
ness of permanent set, natural rubber is 
still king of the rubbers, but for good 
aging and for resistance to abrasion, to 
sunlight, to the action of oils, fats, and 
solvents, to the coronal discharge, and 
to the diffusion of gases, the synthetic 
rubbers have already wrested the crown 
from natural rubber and in these fields 
at present stand supreme. Improve- 
ments in synthetic rubbers are being 
made rapidly, and just as the tensile 
strength and resistance to abrasion have 
become superior in some synthetic rub- 
ber compounds, so other properties 
may soon be “taken over” and surpass | 
those of natural rubber compounds. 
Synthetic rubbers are too new to hazard 
predictions about them. However, it 
must be remembered that natural rubber 
is cheap and available under normal con- 
ditions, that much more is known about — 
using it than the synthetic rubbers, 
and that continued work is constantly 
improving its compounds. A synthetic 
rubber cannot be substituted directly 
for natural rubber in a specifically de- 
signed compound, but its own char- 
acteristics should be considered and used 
to their full advantage for the desired 
application. 

In a discussion of the applications of 
synthetic rubbers it would be well to 
supplement statements of properties 
with tables of data on many kinds of 
compounds made up with the several 


different synthetic rubbers on the mo 


ket. In the present paper such a pro- 


cedure is obviously impossible, but th 

author will endeavor to supply this neea 
partly by giving references in the bibli- 
ography below. The whole matter of 
giving data on compounds is complicated 
by the great variety of compounds 


| 
\ 
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ments will be used. 


| aa therefore, only general state- 


Tensile Strength: 


Although tensile strength is not always 
a necessary criterion of a compound, 
since each compound should be tested 
for the service for which it is intended, 
tensile strength does give an indication 
of the type of cure and often other de- 
sirable properties. A comparison is 
made in Table II in which the tensile 
strengths of each material are given, 
using as examples the unvulcanized 
materials, and where possible, simple 


siderably. No synthetic rubber com. 
pounds have been made with tensile 
strengths exceeding those of the best 
carbon black compounds of natural 
rubber. The butadiene rubbers depend 
largely on carbon black for strength, 
whereas neoprene is about as strong 
without as with carbon black. The 
thiokols are very weak unvulcanized but 
gain strength on being vulcanized, ¢s- 
pecially in the presence of carbon black. 

The vistanex with the higher tensile 
strength also has the higher molecular 
weight. Koroseal at the medium plasti- 
cization shows remarkably high tensile 


TABLE II.—MAXIMUM TENSILE STRENGTHS AND CORRESPONDING ELONGATIONS. 


Compound 


psi. 


Natural rubber 355 
Buna 85 
Buna 115 

 BunaS 
Perbunan 
Chemigum 

Hycar OR 
Methyl rubber W 
Neoprene 
Thiokol A 
Thiokol D 
Vistanex MM 
Vistanex HM ; 
Koroseal, no plasticizer 
Koroseal, 30 per cent plasticizer 
Koroseal, 60 per cent plasticizer 


Unvulcanized Vulcanized Pure- | Vulcanized Carbon 


Gum Compound Black Compound 


Tensile | Elonga- | Tensile | Elonga- | Tensile | Elonga- 
Strength, | tion, per |Strength, | tion, per |Strength, | tion, per 


cent psi. cent 


1200 4125 710 


2130 900 


425 510 
4265 820 

500 750 
nonvulcanizable 
nonvulcanizable 
nonvulcanizable 
nonvulcanizable nonvulcanizable 
nonvulcanizable nonvulcanizable 


vulcanizates made from them and also 
vulcanized carbon black stocks, since 
carbon black gives the maximum tensile 
strength with synthetic rubbers. The 
figures are for the maximum tensile 
strengths in pounds per square inch, and 
corresponding elongations in per cent, 
atroom temperature. Results vary with 
different workers but those given are 
believed to be approximately correct. 
In the above table it is interesting to 
note that the major increase in tensile 
strength of natural rubber occurs on 
vulcanization, and that carbon black 
only increases the tensile strength some- 
what, while it stiffens the rubber con- 


strength, but this decreases with in- 
crease in proportion of plasticizer. 


Specific Gravity: “ 


Rubber compounds are _ generally 
molded, and therefore the specific grav- 
ity of the rubber used is of importance, 
since the amounts of materials are 
calculated by volume. If a synthetic 
rubber with a high specific gravity is 
used in a tire in the same proportion by 
volume as natural rubber, then the tire 
will be heavier. The increase in weight 
may of course be counterbalanced by 
differences in compounding, but at any 
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rate, changes in weight may require 


1- 
le other adjustments in the automobile. 
st Natural rubber has a low specific 
al gravity, 0.92, and since the butadiene 
id rubbers consist chiefly of hydrocarbons, 
h they also have low specific. gravity 
ng figures: buna 85, 0.92; buna 5S, 0.91; 
he perbunan, 0.96; perbunan extra, 0.97; 
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Fic. 6.—A Completely Synthetic Rubber Tire. 

(Courtesy of the B. F. Goodrich Co.) 

1.60; thiokol D, 1.34; and koroseal 

rally with average proportion of plasticizer 
is 1.30. 
’ 

; are Modulus: 
thetic The term modulus as used in rubber 
ity is work is the stress at a definite elonga- 
on by lion, usually 300 per cent, and therefore 
e tire 's 4 measure of the stiffness of a stock, 
veight since it gives the proportionate resistance 
ad by todeflection. A relatively high modulus 


indicates a stiff product and a low 
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modulus a soft, stretchy product. Meth- 
ods of compounding of course affect the — 
modulus of any rubber stock, but in a 
general comparison, buna N and es- 
pecially neoprene show higher modulus 
figures than natural rubber in corre- 
sponding compounds. 
Permanent Set: har, 
None of the synthetic rubbers com- 
pare with natural rubber in the rate of © 
return after stretching. The set of the 
synthetic rubber compounds is usually 


high, although in time the permanent 
set may compare with that of natural 
rubber compounds. The elastoprenes, 
that is, those which are chemically 
related to butadiene, including neo- — 
prene, are more like rubber itself, 
whereas vistanex, thiokol, and koroseal ; 
show a rather high set. 


Abrasion Resistance: 


Abrasion resistance is an snporam 
factor, not only for tires, but also for 
hose, shoes, and many other common 
articles. Here again the butadiene poly- 
mers compare favorably with natural 
rubber and in some cases are decidedly 
better. There are still many problems 
to be worked out in the processing of the 
compounds and the methods of handling 
them in the factory in order to obtain 
the best results consistently. Since 
such good results have already been 
obtained in this country as well as_ 
abroad, there seems to be no reason to 
doubt the complete final solution of the | 
difficulties. Buna S, buna N, chemi- 
gum, and hycar OR tread stocks have 
been shown in tests to be somewhat 
better than natural rubber, with neo-— 
prene close to them. Koroseal is very” 
good for abrasion resistance if no heat 
is generated, and thiokol is poor. . 
It should always be emphasized that 
final judgment must be made on the 
action of compounds in actual service. 


| 
‘ 
| 
| 
it any 
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Even with tires, a big difference is shown 
in the type of driving, since fast driving 
and buses and trucks produce more 
heat than conservative driving and 
smaller vehicles. Also, in cases other 
than tires, the complete service may 
depend not only on the resistance to 
abrasion under normal conditions, but 
also on how this property is affected by 
heat, or oils and fats, or the coronal 


discharge. 


Resistance to tear is dependent largely 
on the type of compound, but in general 
the synthetic rubber compounds are 
not as good as those of natural rubber. 
— black is the best compounding 


Tear Resistance: 


ingredient in all cases to resist tear. 


Aging: 

Aging has to do with the behavior of 
rubber compounds under different con- 
ditions of air, light, sunlight, and heat, 
all of which may affect the product at 


the same time. Laboratory tests are 
ordinarily made in the oxygen bomb and 
the air bomb, both at elevated tempera- 
tures and pressures, and in heated air 
in the Geer oven; and the rate of de- 
terioration is estimated by the drop in 
tensile strength as determined on test 
strips removed periodically for this 
purpose. 

_ The synthetic rubber compounds show 
much better resistance to aging than 
natural rubber compounds. This state- 
ment is true for both laboratory tests 
and compounds stored or in service 
under normal conditions, at least so far 
as it has been possible to observe them 
for the comparatively short time that 
some of them have been available. 
Since natural rubber compounds now 
show unusual resistance to aging, the 
better aging of the synthetic rubber 
compounds means that they are truly 
remarkable. 
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As stated above, it is usually not 
necessary to add antioxidants to com- 
pounds made up of synthetic rubbers, 
but an antioxidant, especially phenyl- 
beta-naphthylamine, is generally added 
for a different reason, as already men- 
tioned, namely, to prevent hardening 
by progressive polymerization. 

The superiority of the synthetic rubber 
compounds: in ordinary aging is es- 
pecially noticeable in their resistance to 
sunlight, which is one of the worst 
enemies of natural rubber. Sunlight 
causes checking of natural rubber com- 
pounds, as can frequently be noticed 
in the sidewalls of tires, in the covers of 
garden hose and electric cables, and in 
the sponge rubber weather strips around 
the windows of automobiles. Natural 
rubber compounds are protected par- 
tially by means of waxes which bloom 
out on the surface, but this method is 
a makeshift and cannot be used in all 
cases. Synthetic rubbers are a boon to 
the compounder who has to design 
products that are exposed to sunlight. 


Temperature Effects: 


High temperatures produce a change 
that is really a part of aging under cer- 
tain conditions. With natural rubber 
compounds, as already described, high 
temperatures produce reversion effects, 
but with synthetic rubber compounds 
they show very little effect. In other 
words, the synthetic rubber compounds 
have very good resistance to heat. 
They withstand temperatures of 10 
to 150 C. for long periods whereas such 
temperatures cause decomposition of 
natural rubber. Long time of heating 
at these higher temperatures, however, 
does slowly cause a change, since they 
become harder and less resilient, prob- 
ably from a continued polymerization 
of the constituents. This change 
much slower than the decomposition of 
natural rubber and also is less objection 
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able. Experiments with some synthetic 
rubbers have produced unusual results. 
Under a press, when air was excluded 
in so far as possible, a sample of per- 
bunan sheet was kept for several days 
at 200 C. without any noticeable harden- 
ing taking place. 

Therefore, synthetic rubber com- 
pounds are very useful for gaskets, 
linings of chemical apparatus, hose, and 
conveyor belts where high temperatures 
are the rule. In hospital service also 
they are much in demand because they 
withstand the necessary frequent steri- 
lizations at high temperatures. 

The elasticity of rubbers is related to 
the temperature. Frozen unvulcanized 
natural rubber is stiff, opaque, and in- 
elastic, and ‘‘melts’’ and becomes elastic 
arounl 5 to 10 C. At the boiling point 
of water, it is soft, sticky and plastic. 
This range is much extended by vul- 
canization, and it is possible to com- 
pound natural rubber to keep it elastic 
for service at —40 C. and above 100 C. 
The range of synthetic rubbers varies 
with the type and also with the method 
of compounding. The synthetic rub- 
bers in general are not as good as natural 
rubber at low temperatures, although a 
special neoprene compound has been 
made for service at —40 C., and butyl 
rubber is said to be useful at —62 C. 
There is not much beyond compounding 
that can be done with natural rubber to 
change its elastic properties, but syn- 
thetic rubbers can be changed by differ- 
ent methods of manufacture of the 
original product. It is therefore very 
likely that just as synthetic rubbers have 
been made to give better service than 
natural rubber at high temperatures, so 
they will be made to give better service 
at low temperatures. The indications 
are already here, and the definite results 
will surely follow. 

Rubbers for service at low tempera- 
lures are very necessary in tires and 


= 
L 
a. 
£ 
2 
= 
£ 
= 
£ 


structural parts in airplanes and auto- — 
mobiles. 


Swelling in Solvents, Oils, Fats, and 
Greases: 


The synthetic rubbers are paramount 
in comparison with natural rubbers in | 
their resistance to swelling in various 
solvents, oils, fats, and greases. The 
property of resisting swelling is inherent 


150 


- Butadiene 
Acrylic Nitrile 
Inter polymer 
] 


Number of Hours in Diesel Oil at TOC. 

Fic. 7.—Comparison of Neoprene, Perbunan, and 

Natural Rubber Compounds in Diesel Oil at 70C. 
(Naunton, “Synthetic Rubber,” p. 126, London (1937).) 


in the synthetic rubbers themselves, and 
where the resistance of a particular syn- 
thetic rubber is inferior, it usually is 
not as low as that of natural rubber. 
As with natural rubber, it can be made 
better by proper compounding. There 
are exceptions, of course, since buna 
S, perbunan, neoprene, and butyl rubber 
are swelled considerably by benzene 
and carbon tetrachloride. On the other 
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hand natural rubber is not affected by 
acetone, but perbunan is dissolved by it. 

Thiokol A is the outstanding member 
of the group because its compounds are 


_ swelled not at all, or in some cases only 


slightly, by solvents and oils. Thiokol 
D is swelled somewhat by aromatic 
hydrocarbons. 

Koroseal also is unaffected by the 


aliphatic and aromatic hydrocarbons, 
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that is, by gasoline and benzene, but is 
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150 F.| 
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Fic. 8.—Comparison of Natural Rubber and 
Koroseal Compounds in Kerosine at 70 F. 
and 150 F. 


(Transactions, Am. Inst. Chemical Engrs., Vol. 35, p. 455 
(1939).) 


affected by ketones, esters, nitro and 
chloro compounds, and amines. These 
substances remove the plasticizer. 

Hycar OR (the OR stands for “oil 
resistant’”’) shows excellent resistance to 
swelling in gasoline, and certain varieties 
of chemigum are also very good. 

The amount of swelling is not the 
complete measure of the value of a 
compound in service, since the real 
effects are in the changes in elasticity, 
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tensile strength, toughness, and resist- 
ance to abrasion. For example, neo- 
prene compounds are swelled in mineral 
oils, but the actual amount of deteriora- 
tion is small. 

Synthetic rubbers are so useful in their 
resistance to the action of solvents and 
oils that, on a quality basis and regard- 
less of price, they are replacing natural 
rubber in products that come in contact 
with gasoline, kerosine, lubricating oils, 
vegetable and fish oils, lard and butter 
fat, and refrigerating liquids such as 
freon, methyl] chloride, and liquid sulfur 
dioxide. They also are used to ad- 
vantage in printer’s rolls and blankets, 
due to their stability. and resistance to 
ink compositions, and in tubes of hose 
for spraying paints and lacquers. 


Effect of Corrosive Chemicals: 


Rubber itself, as already stated, is 
widely used for chemical equipment and 
for transporting corrosive chemicals, 
but even though in some cases it can be 
used for a lining where it is attached toa 
rigid support, it sometimes loses its 
elastic properties. Some of the syn- 
thetic rubbers are remarkably resistant 
to the action of very strong acids and 
oxidizing chemicals, and also retain 
their elastic properties in long service. 
Solutions of strongly oxidizing chemicals 
affect most of the synthetic rubbers 
except koroseal and butyl rubber, both 
of which actually withstand the action of 
concentrated nitric and sulfuric acids. 
A sample of koroseal was unaffected by 
a chromium-plating solution during 
eleven months at 75 C. 

Ozone, one of the most destructive 
chemicals to natural and some synthetic 
rubbers, does not show much action on 
neoprene, thiokol, koroseal, and butyl 
rubber. Such stability is of particular 
value for insulation purposes where 
ozone is formed in the surrounding 
atmosphere by the coronal discharge. 
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4 Water Absorption: 


Although rubber is usually considered 
as a waterproofing material, it absorbs a 
small percentage of water when in 
continuous contact with it. The rubber 
hydrocarbon is impervious to water, 
but the protein and other substances in 
the crude rubber, as well as some com- 
pounding ingredients, are water absorp- 
tive. Deproteinized rubber has very 
low water absorption and is the best 
type for use in electrical insulation. 
The amount of water absorptive ma- 
terials in synthetic rubbers can be con- 
trolled in their manufacture, and there- 
fore it is not surprising that most of 
them show very little absorption and 
correspondingly resist swelling in water. 


Electrical Properties: 


Soft and hard vulcanized natural 
rubbers have been used for many years 
for their good electrical properties, 
and in recent years these properties 
have been made much better through 
the removal of water absorbing sub- 
stances. The first synthetic hard rub- 
ber used commercially was the hard 
rubber manufactured from methyl rub- 
ber in Germany during the first World 
War. Since its water absorption was 
very low, it was excellent for use in 
submarine battery containers and in 
other electrical equipment. The electri- 
cal properties of modern synthetic rub- 
bers depend upon the nature of the 
original polymers and, of course, upon 
the compounding. The hydrocarbon 
polymers, namely, the numbered bunas, 
buna S, vistanex, and butyl rubber, are 
superior to natural crude rubber, whereas 
those containing polar groups—neoprene 
and koroseal, which contain chlorine, 
and perbunan, which contains nitrile 
groups—are poorer. This is a very 
general statement and is only relative, 
since neoprene and koroseal are im- 
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portant materials for flameproof, ojj- 
resistant electrical insulation. 

It is difficult to discuss electrical 
properties without using figures, and 
only a few general results will be given 
here. Each adaptation requires specific 
measurements, and some of these will 
be found in the papers listed in the bibli- 
ography. Compounding changes all the 
figures cited. 

The dielectric constant of natural 
rubber is around 2.35 at 1000 cycles 
per sec., and of compounded natural 
rubber 3.0 to 5.0. For the hydrocarbon 
polymers it may be lower than for 
natural rubber, 2.11 to 2.9; it is higher 
for thiokol, 4.6; 5.72 for koroseal with 
30 per cent of plasticizer; 7.5 for ne- 
oprene; and 15 for perbunan. 

The power factor of crude rubber is 
around 0.003 and of vulcanized com- 
pounded rubber, 0.004. The figures 
for the hydrocarbon polymers are similar 
to those for natural rubber; they are 
higher for thiokol, 0.010, and ne- 
oprene, 0.193, and lower for vistanex, 
0.0015. 

The direct-current conductivity of 
crude rubber varies greatly, depending 
upon the nonhydrocarbon constituents. 
In terms of reciprocal ohms, for de- 
proteinized rubber it is very low, 1.6 
to 3.3 mho per cm. X 107"; pale crepe, 
25; and Fine Pard, 29. The synthetic 
rubbers, excepting vistanex, exhibit a 
higher conductivity than natural rubber. 
The corresponding figure on a compati- 
son basis is not less than 100 for the 
numbered bunas and buna §, 100,000 
for neoprene, and 100,000,000,000 for 
perbunan. For vistanex it is less than 2. 
The absorption of water generally in- 
creases the conductivity of natural and 
synthetic rubbers. 

The dielectric strength of the sy 
thetic rubbers varies from below 10 
above that of natural rubber. Vistanex 
and koroseal are greater in this property, 


| 
an 
th 
ral 
rid 
be 
ins 
| ust 
vo 
| res 
| the 
ins 
mé 
she 
rul 
| ust 
hee 
El 
| qu 
cus 
me 
d 
les 
| | rea 
4 
ten 
sul 
atu 
60) 
ela 
| the 
hig 
beg 
} 
riot 
the 
> q 
bui 
wh: 
ela: 
Cor 
sho 
nen 
: | | 


FISHER ON NATURAL AND SYNTHETIC RUBBERS 545 


and thiokol and neoprene lower, al- 
though they are within a practical 
range. 

Since buna S and vistanex show supe- 
rior electrical properties to natural rub- 
ber, they are finding application as 
insulation for wires and cables. Ne- 
oprene, thiokol, and koroseal are also 
used for insulation, especially at low 
voltages. Furthermore, since they are 
resistant to sunlight, ozone, and oils, 
they are very valuable as jackets over 
insulation of natural rubber or other 
materials. They are replacing lead 
sheaths and are preferred on nonleaded, 
rubber-insulated cables, which are 
usually installed on poles between over- 
head and underground circuits. 


Elasticity, Hysteresis-Loss, Compression- 
Set, elc.: 


These are subjects which should re- 
quire an entire paper for proper dis- 
cussion, but only a few general state- 
ments can be made. 

All the synthetic rubbers are more or 
less elastic; that is why anyone will 
readily call a sample of them, rubber. 
The elastic properties vary with the 
temperature. Polystyrene, a_ plastic 
substance, is nonelastic at room temper- 
ature but becomes elastic above about 
60 C. Some synthetic rubbers are non- 
elastic at temperatures below those of 
the room, and some remain elastic at 
higher temperatures at which rubber 
begins to soften. 

Natural rubber compounds are supe- 
rior to synthetic rubbers in elasticity and 
they show the lowest energy loss due to 
hysteresis, and the lowest rate of heat 
build-up under rapid deformation. Next 
to natural rubber comes neoprene GN, 
while the buna types are lowest in 
elasticity and highest in hysteresis loss. 
Compounds of natural rubber generally 
show superior energy and lower perma- 
nent set than the corresponding com- 


pounds of synthetic rubber. These 
properties are all very important con- 
siderations in the mechanical applica-— 
tions of natural and synthetic rubbers. 
Synthetic rubbers generally show a 
greater absorption of energy during 
repeated stresses, and this quality is 
desirable where rapid damping of vibra- 
tions is important, although in a tire | 
it may lead to undesirable overheating. 


‘ Like liquids, rubber has extremely small 


cubic compressibility, but if the sample 
is not entirely confined, a force acting 
upon it will of course deform it and upon 
release it will regain part of its original 
shape. Compression-set tests show that 
synthetic rubbers give results which fall 
both above and below those of natural | 
rubber. 

Dynamic tests prove that natural 
rubber shows greater resilience than— 
any of the synthetic rubbers. At tem- 
peratures above 100 C., however, balls: 
of butyl rubber give approximately the 
same rebound. 

Much work is being done on the use of © 
natural and synthetic rubbers in engine 
mountings, rubber springs, parts for 
absorbing vibration, etc., where perma- 
nent set, resilience, creep in shear, as well 
as aging and oil resistance, must be 
considered and measured. Modern ma-_ 
terials and recent developments have 
opened up many fields in which these 
new rubbers are finding useful appli- 


cations. 


Diffusion of Gases: 


The diffusion of gases through syn- 
thetic rubber compounds is at a much 
lower rate than through natural rubber 
This has been proved with hydrogen 
helium, nitrogen, air, and sulfur dioxide 


The permeability to hydrogen = 


in the following order: natural rubber, 
perbunan, neoprene G, vistanex, thiokol 
DX, koroseal. This low permeability 
to gases, together with the stability of 
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the compounds in direct sunlight, have 
made synthetic rubbers attractive for 
use in a field where natural rubber always 
had held sway. Small balloons for 
meteorological observations and the en- 
velopes of large passenger-carrying dirigi- 
bles are now made of these new products. 
On the other hand, in the build-up of 
synthetic rubber compounds in factory 
operation, this low permeability makes 
it important that all air be eliminated 
between the plies. 


a Flexing: 


The nature and conditions of the 
flexing have much to do with how long a 
compound will last. In a regulation 
laboratory test koroseal was serviceable 
after 3,000,000 flexures, while natural 
rubber failed at 300,000. In another 
experiment a natural rubber compound 
failed at 850,000 flexures and butyl 
rubber not until 5,000,000. In tread 
compounds natural rubber is still at the 
top, although some of the synthetic 
rubbers compare favorably. Flex-crack- 
ing is important in tires, power belting, 
shoes, hose, insulated wire, and many 
other articles. 


Flame Resistance: 


Natural rubber alone and in its com- 
pounds burns when a flame is applied 
and continues to burn when the flame is 
removed. The butadiene polymers and 
thiokol are similar to natural rubber, 
but neoprene and koroseal are flame- 


resistant and usually do not continue to 
burn when the flame is removed. 


Color: 


Koroseal can be compounded for any 
desired color. Natural rubber can be 
used similarly, but the colors are some- 
what less bright and tend to darken 
upon aging. Neoprene is lower in 
color range, and thiokol is still lower. 


The color of these rubbers is usually due 
to the presence of antioxidants which 
darken in the air and light. Color jn 
many mechanical goods plays no part 
in their use, and this is fortunate, since 
the best properties of synthetic rubbers 
are brought out by compounding them 
with carbon black and the semirein- 


forcing blacks. 
is 


The odor of natural rubber goods is 
familiar to everyone. By removing the 
protein material and by proper choice of 
compounding ingredients this odor can 
be practically eliminated. Koroseal is 
free from odor, but most of the other 
synthetic rubbers have definite per- 
sistent odors. 


Adhesion: 


By the use of proper milling and com- 
pounding or of proper cements natural 
rubber readily adheres to itself and can 
be made to adhere to practically any- 
thing else. Similarly, the synthetic rub- 
bers in general can be made tacky 
enough to adhere to plies of their own 
selves and also to natural and other 
synthetic rubbers. The difficulties have 
been great, and there are serious prob- 
lems yet to be solved. However, the 
synthetic rubbers can be had with back- 
ings of metals, hard rubber, plastics, and 
fabrics, for use in a great variety of 
applications. 


Reclaiming: 


The rubber industry has applied a 
sound principle of economics by saving 
and working over for use articles that 
have been worn out. Approximately 
200,000 tons of reclaimed rubber are 
prepared annually, and this amount 5 
being increased at the present time. 
Reclaimed rubber is not the same 4s 
raw rubber, although it can be vul- 
canized. It is replasticized vulcanized 
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rubber, and is a very important com- 
pounding ingr redient. 

The vulcanized synthetic rubbers are 
different chemically from vulcanized 
natural rubber, but the replasticization 
of some of them has already been worked 
out and replasticization of the others 
will no doubt follow in due season. The 
difficulties do not appear to be in- 
surmountable. 


Uses of Synthetic Rubbers Where Natural 
Rubber Could Not Be Used: 


The early workers on synthetic rubber 
tried to duplicate the natural rubber 
hydrocarbon. They did not dream of 
making rubbers that would be appli- 
cable where natural rubber just does not 
have a chance, and yet that is what has 
happened. These new applications re- 
quire resistance to gasoline, oil and other 
solvents, and to abrasion, flame, heat, 
and sunlight. A few examples _ will 
serve to illustrate these new uses. 

Perhaps the most striking examples 
and the most interesting at the moment 
are the fabrication of fuel cells for mili- 
tary aircraft. One type consists of a 
“sandwich” of synthetic elastomer, un- 
vulcanized natural rubber, and _ rein- 
forcing materials. In case a bullet 
bores a hole through the sandwich, the 
swelling of the inner layer of natural 
rubber by the gasoline closes the hole 
while the gasoline-resistant elastomer 
keeps its shape, and thus the entire cell 
is maintained intact. The other type 
is the Mareng fuel cell, which consists 
of a bag of fabric impregnated with a 
gasoline-resistant synthetic elastomer 
and enclosed by a metal container; it is 
proof against vibration and corrosion. 

Another vital use is for the diaphragms 
of the new aircraft carburetors which 
utilize a synthetic elastomer assembly 
instead of a float mechanism, and a 
variable venturi in place of the conven- 
tional butterfly valve and fixed venturi. 
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Since the diaphragm chamber is always 
entirely filled with fuel when the engine 
is running, there is never any trouble 
from splashing, even when a plane is 
flown upside down. 

Much of the improvement in deep oil 
well drilling is due to the design a 
equipment that is dependent upon the | 
use of these new oil- and heat-resistant — 
elastomers. Great strides have been 
made in the printing industry through 
the use of rolls and draw-sheets made 
of the new elastomers, whereby it is 
possible to use the new quick-drying ink © 
vehicles which would destroy natural 
rubber. Heat-resistant elastomers are 
used in conveyor belts for carrying hot — 
slag, and similar oil-resistant types are 
used in conveyor belts for oil-treated 
coal. 

The success of airplane de-icers de- 
pends upon the neoprene veneer which | 
prctects the underlying rubber from — 
deterioration in sunlight. 

The synthetic elastomers find appli- 
cation in mine and shipboard power 
cables where it is essential that materials" 
be used that do not propagate fire. 

Other applications are for hydraulic 
press gaskets for use in hot service, for 
gaskets where oil replaces water in 
liquid pressure systems, for gasoline 
hose nozzles, core drill bearings, aa 
packings, protective clothing for the 
chemical and petroleum industries, flex-_ 
ible ebonite for use in structural parts” 
of chemical equipment, sealing members 
on reciprocating pistons, transformer 
gaskets, and tubing and diaphragms for 
handling chlorine gas, ozone, and sulfur 


chloride. 


SUMMARY AND CONCLUSIONS 


Rubber is a very versatile material 
and, now that its “life” has been length- 
ened, its interesting and varied properties 
are making possible the enormous exten- 
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sion of its usefulness. Even though the 
greatest use of rubber is in tires and tubes 
for automobiles, more and more rubber 
is being used in the structural parts of 
the automobile, and, in fact, today the 
unique properties of rubber are literally 
forcing its use in structures of all kinds 


of products. 


Natural rubber has certain drawbacks 
and is meeting competition on a quality 
basis from the new synthetic rubbers. 
The chemistry and physics and the 
methods of compounding these interest- 
ing materials are briefly discussed and 
compared with those of natural rubber. 

Vulcanized synthetic rubber com- 
pounds resemble natural rubber com- 
pounds in the following properties: 

1. Appearance, 

2. Elasticity and extensibility, — 

3. Resilience, 

4. Tensile strength, 

5. Abrasion resistance, and 

6. Electrical properties 

Vulcanized synthetic rubber com- 
pounds are superior to natural rubber 
compounds in: 

1. Aging in storage and sunlight, 

2. Resistance to the action of air and 

ozone, 
. Resistance to deterioration by heat, 
. Resistance to the action of solvents, 
oils, fats, and greases, 
5. Resistance to many corrosive chem- 


icals, 

6. Water absorption, and _ 

7. Permeability to gases. 

Natural rubber compounds are still 
superior to all synthetic rubber com- 
pounds in: 

1. Elasticity and rebound, 

2. Low energy loss and low heat 

generation through hysteresis, 

3. Extensibility, and 

4. Resistance to stiffening at 

temperatures. 

In the earlier days of the rubber 
industry, the compounder was con- 


low 


fronted with many different varieties of 
natural rubber obtained from different 
parts of the world. At present he has 
only about three varieties of natural 
rubber—pale crepe, smoked sheet, and 
amber—but he has several different 
types of synthetic rubbers and different 
varieties of each type, all of which show 
much greater differences in properties 
than the varieties of natural rubber, and 
require different methods of handling and 
compounding. The compounder, how- 
ever, has an easier task, from one point 
of view. With natural rubber he has 
worked hard to put it into places where 
its properties were against its use, but 
now he can choose the right synthetic 
rubber for these difficult jobs and have 
that comfortable feeling of assurance 
that it will work. 

At the present time in this country, 
synthetic rubbers are making headway 
on the basis of their outstanding proper- 
ties, regardless of the higher costs 
involved. If the supplies of natural 
rubber should be cut off, synthetic 
rubbers will of course be tried out in 
many places where ordinarily they would 
not be considered. Then, when the war 
is over, even though the prices of syn- 
thetic rubbers may still be higher than 
those for natural rubber, their use in 
many cases will no doubt be continued- 
remember the fable of the camel who at 
first got only his head under the bottom 
of the tent of his keeper. 
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COMPRESSION AND TENSION TESTS OF STRUCTURAL ALLOYS 


By Bruce JOHNSTON! AND FRANCIS OPILA? 


Tension and compression tests were made on 33 samples of carbon, silicon, 
d and low-alloy structural steels. Two samples of structural aluminum alloy 
_ 278-T were also included in the program. All samples except one were tested 
both with and across the direction of rolling. ‘The tests included the determi- 
nation of modulus of elasticity and Poisson’s ratio, the proportional limit, the 
upper and lower yield points, the stresses at maximum and breaking loads, the 
usual ductility criteria, and the “true” ductility indices proposed by 
MacGregor.* 
Special tests were made to illustrate the effect of different testing techniques 
_ used in compression and tension. Tests were also included to illustrate the 
“Bauschinger” effect resulting from successive cycles of tension and compres- 
sion into the yield point range. 
A comparison was made between tensile and compressive stress-strain 
characteristics together with special study of directional properties with and 
across the direction of rolling. ‘The general shape of the stress-strain diagrams 
and the values of upper and lower yield point were found to average nearly the 
same in tension as in compression. Silicon structural steel was found to have 
the greatest directional variation and the least ductility of the steels tested. 
The elastic constants were found to be not affected by the direction of rolling. 
The most definite directional properties were found to be associated with the 
_ behavior of the material beyond the maximum load. 


The need for further information on 
the subject of the compressive stress- 
strain characteristics of structural met- 
als, particularly of low-alloy and silicon 
steels, was suggested to the authors by 
members of the American Society of 
Civil Engineers Committee on ‘Design 
of Structural Members.” Such knowl- 
edge is fundamental to the design of plate 
elements or structural sections subjected 
primarily to compressive stresses. Ac- 
cordingly, several companies were in- 

1 Associate Director, Fritz Engineering Laboratory, 
and Associate Professor of Civil Engineering, Lehigh Uni- 
versity, Bethlehem, Pa. 

* Formerly Lawrence Calvin Brink Research Fellow in 


Civil Engineering, Lehigh University; now associated with 
Baldwin-Southwark Corp., Chicago, Ill. 


vited to submit a variety of materials, 
which finally included eleven different 
heats of carbon structural steel, seven of 
silicon structural steel, fifteen of various 
low-alloy high-strength steels, and two 
samples of structural aluminum alloy 
27S-T. At least four different tests 
were made from each sample, these 
being tension and compression tests 
both with and across the direction of 
rolling. As much information as prac 
ticable was obtained from each test and 
in the case of the tension tests use was 
made of suggestions’ presented in the 


2C. W. MacGregor, “The Tension Test,” Proceedings, 
Am. Soc. Testing Mats., Vol. 40, p. 508 (1940). 
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} a On COMPRESSION AND TENSION TESTS OF STRUCTURAL ALLOYS 


1940 A.S.T.M. “Symposium on Signifi- 
cance of the Tension Test of Metals 
in Relation to Design.” MacGregor’s 
and other papers of the symposium in- 
clude rather complete bibliographies on 
the tensile and related properties of 
structural materials. A theoretical dis- 
cussion of the various phenomena asso- 
ciated with the stress-strain characteris- 
tics of structural metal is outside the 
Many of these 
phenomena, such as the upper and lower 
yield point in structural steel, are not 
yet fully understood and controversial 
hypotheses exist. There are available 
numerous reviews and compilations of 
existing knowledge on these subjects 
among which the writings of Nadai,* 
MacGregor,*> and Gensamer® provide 
sources readily available in this country. 

Definitions of the terms used in this 
paper follow: 

Unit Stress—Unit stress in the ten- 
sion or compression test is denoted by 
the Greek letter o and is the average 
stress intensity in the tension or com- 
pression specimen. Nominal stress is 
that obtained by using the original area 
A,, and is denoted by ay = Mf 
A, 
stress is the average tensile or compres- 
sive stress over the minimum or maxi- 
mum actual area, respectively, at any 
particular load and is denoted by 


True 


Strain.—Longitudinal strain is herein 
denoted by the Greek letter ¢ and is 
defined as the average deformation per 
unit original length over a 1-in. gage 
length on the 0.505-in. or 0.500-in. 
specimens used in the tension and com- 


‘A. Nadai, “Plastici ” 
New York, (1931). McGraw-Hill Book Co., Inc., 


rb MacGregor, “The Yield Point of Mild Steels,” 


187-200 ia Soc. Mechanical Engrs., Vol. 53, pp. 


tions, Am. Tost, Minin’: Yield Point in Metals,” Transac- 
PP. 104-114 (1938), 


g and Metallurgical Engrs., Vol. 128, 
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pression tests. The notion of “true” — 
strain is used in connection with “true” 
ductility indices in the manner pre- 
sented by MacGregor.* 
“True’”’ strain was first defined as such 
by Ludwik’ and is denoted by 
dL L 
€ log (1) 
where L, is the original gage length and 
L is the actual length at any particular 
load. When local necking commences 
in a tension test, the strain becomes 
nonuniform within the usual gage length. 
On the very nearly correct assumption 
that the volume change is zero in the 
plastic range, the maximum true strain 
in the most reduced section may be 
determined as 


Equation 2 follows directly from Eq. 1 
and the assumption of zero volume 
change. A more complete discussion of 
true strain is presented in the 1940 
A.S.T.M. Proceedings.* 

Elastic Moduli.—Elastic moduli are 
experimental relationships between stress 
and strain. At stresses below the pro- 
portional limit these relationships are 
constants and as such are evidences of 
Hooke’s law. Young’s modulus of elas- 
ticity (E) as determined by these tests, 
is the ratio below the proportional limit 
of average stress divided by longitudinal 
strain in the tension or compression 
test. Poisson’s ratio (vy), is the ratio 
between lateral and longitudinal unit 
strain below the proportional limit. 
These two elastic constants are sufficient 
to relate the most general states of 
stress and strain for the case of isotropic 
materials. 

Proportional Limit.—The proportional 
limit (op) as determined in this investi- 


7P. Ludwik, “Elemente der Technologischen Me- 
kanik,”’ Julius Springer, Berlin (1909). 
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- 
gation is the maximum stress below: 
which the stress-strain graph deviates 
from the initial straight-line relationship 
by a strain of less than about 1/100,000. 

Upper Yield Point.—The phenomenon 
of the upper or ‘“drop-of-the-beam” 
yield point is a characteristic of struc- 
tural steels. Upper yield point is the 
stress (ayy) at which a pronounced in- 
crease in strain is accompanied by a 
falling off of the load. 

Lower Vield Point.—The lower yield 
point (¢,y) is the lowest stress at which 
a slow, continued increase in average 
strain is maintained after passing the 
upper yield point. The plastic strains 
in structural steels while the lower yield 
point stress is just maintained may 
range between ten and twenty times the 
elastic strain corresponding to the yield 
point load. 

Vield Strength.—Some steels and most 
non-ferrous metals exhibit no well- 
- defined upper or lower yield points and 
for such materials the term “yield 
point” is meaningless. The term “yield 
strength” is sometimes applied to such 
materials and is the stress corresponding 
to an arbitrary offset from the straight 
part of the stress-strain curve. For 
materials such as structural aluminum 
alloy the Society specifies the offset as 
0.2 per cent.® 

Measures of Ductility.—At loads less 
than maximum the tension test specimen 
undergoes a uniform reduction of area 
and plastic elongation all along the 
specimen. After the maximum load is 
passed the further reduction of area and 
plastic elongation are localized in one 
particular region and “necking down” 
takes place. The usual percentage re- 
duction in area and percentage elonga- 
tion in 2 in. represent a combination of 
the “uniform” and “necking” phases of 
a plastic yielding. The “true” indices of 


8 1939 Book of A.S.T.M. Standards, and 1940 and 1941 
Supplements to the Book of Standards, Part I. 


ductility proposed by MacGregor’ differ- 
entiate the “uniform” and “necking” 
phases and at the same time correlate 
reduction in area with elongation, since 
the two become numerically equal. The 
“true” ductility indices are obtained 
simply by determining the least area 
of the tensile specimen initially (A,), 
at the maximum load (A,), and after 
fracture (Ay). The true indices of 


TABLE I.—CHEMICAL ANALYSES OF STEELS. 


Man- | Phos- si 
Carbon, Sulfur, | Sil 
Sample per per 18 ~~ 
cent cent | cent 
No ae 0.17 0.57 0.012 0.030 0.07 
No - Se 0.15 0.44 0.012 0.024 0.01 
No. : 0.16 0.44 0.012 0.024 0.01 
No. Ae 0.19 0.48 0.012 0.015 0.06 
No. 5.. 0.18 0.46 0.013 0.026 | 0.06 
No. 6.. 0.22 0.33 0.015 0.037 0.01 
No. _ See 0.18 0.33 0.012 0.033 0,01 
No. 8.. 0.17 0.63 0.012 0.030 0.07 
No. 9.. 0.24 0.45 0.016 | 0.033 | 0.01 
No. 10.. 0.25 0.45 0.012 0.040 0.03 
No. eS.» 0.21 0.50 0.018 0.028 0.15 
No. we... 0.28 1.07 0.020 0.020 0.24 
No. 13.. 0.28 1.06 0.020 0.024 0.25 
No. 14.. 0.35 0.96 0.012 0.028 0.27 
No. 15.. 0.30 0.94 0.012 0.025 0.20 
No. 16.. 0.32 0.82 0.016 0.030 | 0.25 
. 0.34 0.88 0.019 0.035 0.35 
No. 18.. 0.28 1.00 0.023 0.025 0.25 
TypicaL ANALYSES OF Low ALLoys 
a ° 
56 8/56] .6 
Sa) Salsas ale 
CO la nan |Z 
No. IIL. . 
No. V... 16] 1.78}0.01)1.11 
14|0.04/0.29 


@ These sample numbers are purposely not correlated 
with the test results in Table II, as requested by sev 
manufacturers. 


ductility are then defined as: Uniform 
ductility index (e,) = true strain be 
tween zero and maximum load = 1og 
Necking ductility index (é) 

4lu 

true strain at most reduced section 
between maximum and breaking load = 


log Over-all ductility index (¢) 
b 
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total true strain at most reduced section 
between zero and breaking load = 


A, 
MATERIALS 


All of the samples, with two excep- 
tions, were taken from plate stock. 
Table I gives the chemical analyses of all 
of the carbon structural and _ silicon 
structural steels in the program. Typi- 
cal analyses of the eight different types 
of low-alloy steels are also furnished in 
Table I, but these are not correlated with 
the listings of samples in Table II on 
test results. 

The direction of rolling of the plate 
material as designated by the manufac- 
turer was checked, in the laboratory by 
macroscopic examination. This was ac- 
complished by lightly polishing and hot 
etching with hydrochloric acid on the 
rolled surface. In most cases the direc- 
tion of final rolling was readily checked 
by this procedure but in some cases the 
surface had an isotropic appearance and 
the manufacturer’s designation was ac- 
cepted. 

A minimum of 1 in. of material was cut 
away from all burned or sheared edges 
before machining the test specimens. 
The rough cuts on the structural alumi- 
num samples and on most of the steel 
samples were made by band saw. 


Apparatus, Test METHODS, AND 
SPECIAL TESTS 


In making the tension tests the 
threaded-end specimen specified in the 
AS.T.M . Tentative Methods of Tension 
Testing of Metallic Materials (E 8 - 
40 T)® was adopted. The specimen was 
made with a gage length of 2 in. and a 
diameter of 0.505 in. The fillets on the 
specimen were made with a radius of 
approximately } in., and the 3-in. diam- 


Put ire. Supplement to Book of A.S.T.M. Standards 


All tests were made on a Baldwin- 
Southwark 60,000-lb. hydraulic testing 
machine. 
The usual type of gripping device for 
the threaded test specimen consists of 
shaft with a threaded recess at one end 
and a ball-and-socket joint at the other 
end which fits a socket in the head of the 
testing machine. In many cases the 
socket is formed by a split wedge. When 
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eter ends had ten threads to the inch. 


Fic, 1.—Apparatus Used in Tension Test. 


the two parts of the wedge are seated 
unevenly, a considerable eccentricity is 
introduced into the specimen. 

In order to avoid the possibility of 
friction in the ball-and-socket device, 
and to insure quick adjustment for load 
axiality, a knife-edge loading device was 
designed as suggested by work done in 
England by J. G. Docherty and F. W. 
Thorne.'® ‘Two sets'of knife-edges were 
inserted into steel plates and mounted 


10 J. G. Docherty and F. W. Thorne, ‘“The Phenomenon 


of Tensile Yield in Mild Steel and Iron,”’ Engineering, Vol. 


132, September 4, 1931, p. 295. 
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at right angles to each other in order to 


tions, 
into hardened bearing plates with slight 


secure freedom of motion in all direc- 
These hardened knife-edges fitted 


V’s cut into them to produce self-align- 


(see Fig. 1). The frictional re- 


ratus to compensate for errors in the 
machining of specimens it was possible 


50000 


are shown in Fig. 2. Eccentricities were 
introduced, in the case of the knife-edge 
rig, by rotation of the specimen with 
respect to the gripping device. In the 
case of ball-and-socket loading 
device, eccentricities were introduced by 
displacing the wedges in such a manner 
as to cause the ball to rest upon an 
uneven surface. Figure 2 indicates that 
the type of loading device seems to have 


45 000}— f 


f 


Pl. 


| 


/- Ball- and-Socket Gripping 
Device with Axial Load 


2-Knife-Edge Gripping Device 
Axial load” 
3- Baltand-Socket Grippi 


/ 


Device with Individual Strain 
Reading Varying 43 percent 
from Mean 


AL 


with Individual Strain Reading 
Varying 47 per cent from 


4-Knife -Edge Gripping Device — 
/ 
Meon. —+— 


/ 


0.0004 


Strain, in. per inch 


Fic. 2.—Stress-Strain Curves for Different Test Conditions. q 


to obtain a high degree of load axiality. 
The axiality in each test was checked by 
tensometer readings taken at 120-deg. 
intervals around the axis of the specimen, 
as shown in Fig. 1, loading the specimen 
for this purpose to a stress of approxi- 
mately 5000 psi. 

Several tests were made to compare re- 
sults obtained by the ordinary ball-and- 
socket device with results obtained by 
the knife-edge device. These tests were 
run on one sample of steel and the results 


little effect upon either the shape of the 
stress-strain curve or the yield point of 
the material as long as the axiality can 
be controlled. Nonaxiality of load pro- 
duced a marked curvature in the upper 
part of the stress-strain diagram. These 
tests indicate that if care is taken m 
aligning the split jaws good results can 
be expected with the ball-and-socket 
loading device. The knife-edge device 
was used for all of the tension tests, 
however, because it offered the most 
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convenient control for axiality initially 
and throughout each test. 

For compression tests of metals, the 
AS.T.M. Tentative Methods of Com- 
pression Testing of Metallic Materials 
(E 9-33 T)" recommend that tests be 
made with a fixed base and a spherical 
bearing block for the upper bearing sur- 
face. The advice of other investigators 
indicated that with this type of testing 
device it would be rather difficult to 
secure precise control throughout the 
range of the test. 


Fic. 3—Compression Test Setup, with Tens- 
ometers and Lateral Strain Gage in Place. 


Fixed heads with parallel faces are 
thought to provide the best testing 
device. Accordingly two bearing blocks, 
fitted with hardened steel faces, were 
machined so that one of them could be 
firmly fastened to the head of. the testing 
machine. The other bearing block was 
placed on the table of the testing machine 
(see Fig. 3). The specimen was inserted, 
carefully centered, and a small load 
applied to determine whether the load- 
ing was axial, as indicated by the read- 


* 1939 Book of A.S.T.M. Standards, Part I, p. 1230. 
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ings of the three extensometers. If the 
loading was not axial cigarette paper 
was used to shim up the face of the 
53-in. diameter base of the bottom 
bearing block. In no case was it neces- — 
sary to use more than three or four — 
thicknesses of cigarette paper (about 
0.003 to 0.004 in.) in order to secure good 
agreement between the readings on the 
extensometers. It is important to note 
that in order to eliminate bending while 
testing the specimen in compression, the 
bearing faces of the blocks must remain 
parallel to each other throughout the 
range of the test. The parallelism o 
the blocks was checked by placing a 10- 
sec. level bubble on the movable table 
of the testing machine. It was found 
that the maximum angular movement 
during the range of the test amounted 
to about two divisions of the level 
bubble, which movement can be ex- 
pressed as approximately 0.00001 in. 
per inch. Such a small change in 
parallelism could not cause measurable 
strain differences. 

The shape and size of the compression 
test specimens were selected on the basis 
of several factors. A specimen 3 in. in 
diameter was decided upon because it 
would be approximately the same size 
as the tension specimen. A 1-in. length 
of uniform stress condition was needed 
to measure properly the elastic con- 
stants, since the extensometers had a 
1-in. gage length. Nadai* has shown 
that specimens in compression have a 
region at each end of comparatively 
little distortion bounded by a cone ap- 
proximately one half the diameter in 
height. In order that the gage length 
be free of these end effects, the length of 
a }-in. diameter specimen would need 
to be 13 in. or more. A series of tests 
was run using various ratios of length 
to diameter (L/D), and the resulting 
upper yield point stresses are plotted in 
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as a plastic buckling failure. 
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Ultimate failure on specimens 
with L/D ratios greater than 2 occurred 
However, 


_ the lowest ultimate load for an L/D 
ratio of 6 was more than 1} times as 


great as the yield point load. 


Buckling 
failure was therefore not a factor in the 
variation of the yield points, and Fig. 4 
shows practically no variation in the 


_ upper yield point for L/D ratios between 


and 6. 


1 


With these results as a basis, 
an L/D ratio of 4 was adopted, and a 
specimen } by 2 in. in length was used 
for all compression tests. In the special 
alternating tension and compression 
tests to observe the Bauschinger effect a 


55000 
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- 50000 


45000 


Stress 


40 000 
0 2 3 4 


length 
Ratio , Diameter 


Fic. 4.—Upper Yield Point for Compression 
Tests with Different Ratios of 5 


standard tension test specimen was used, 
with the ends faced parallel in the lathe 
for bearing in the compression cycles. 
To determine whether end conditions 
of the specimen had anything to do with 
yield point or stress-strain characteris- 
tics, several specimens had their ends 
surface-ground, while another group had 
the ends faced on a lathe. No difference 
due to the difference in machining was 
observed. The side surface condition 


_ in both the tension and compression test 


specimens was that left by a finishing 
cut with a lathe tool followed by light 
polishing with an emery cloth. 

Each test required at least thirty 
minutes to complete in the elastic range. 


The rate of loading and rate of deforma- 
tion were slow at all times and not great 
enough to be considered as affecting 


. either the yield point or the shape of the 


stress-strain curve. The rate of defor- 
mation was increased slightly in the 
plastic range but at no time did the 
speed of the head exceed 0.05 in. per 
minute. 

The measurements for the modulus 
of elasticity were made by means of 
three Huggenberger Type A tensometers 
mounted 120 deg. apart around the 
specimen as shown in Figs. 1 and 3. 
This mounting was used to facilitate 
detection and adjustment of nonaxiality 
of loading. The MHuggenberger tens- 
ometer is sensitive to a strain of 0.00001 
in. per inch. The tensometers were 
used up to the yield point and the maxi- 
mum deviation of any single reading was 
rarely greater than 3 per cent of the 
average of the three tensometers. 

An electrical lateral strain gage de- 
veloped by Massachusetts Institute of 
Technology” was used to measure lateral 
strains and thereby determine Poisson’s 
ratio. This gage is sensitive to strains 
of 0.000002 in. per inch. 

All of. the strain-measuring devices 
used in these tests were calibrated by 
means of an interferometer calibrating 
instrument, using the 5461 Angstrim 
line of the mercury arc as the basis of 
comparison. 

The changes in diameter of the spect 
men beyond the yield point (after re- 
moval of strain gages) were measured by 
means of two 0.001-in. dial gages. One 
of the gages projected through a V-block 
while the other was mounted in an Op 
posed position. The whole assembly 
could be moved over the length of the 
specimen and changes in diameter deter- 
mined while the deformation was taking 
place. 


12 Manufactured under license from the Baldwin-South- 
wark Corp. 
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In order to illustrate how the previous 
strain history of the metal alters its 
stress-strain characteristics, a series of 
tests was run involving cyclic loadings of 
both steel and aluminum. Much more 
extensive investigations on this subject 
have been carried on by other investiga- 
tors; for example, Bauschinger,"* Muir,“ 
and more recently Templin and Sturm.% 

The result of cyclic loading of a carbon 


tensile load; and, finally (7) restoration 
of initial tensile characteristics, showing 
hysteresis loop. Note that the phe- 
nomena of upper and lower yield points 
have been maintained in loadings 3, 5, 
and 7. During loadings 3 and 5, al- 
though the shape of the stress-strain 
curve has been altered markedly, the 
yield points are not reduced, nor are 
these less than the yield strength as 


structural steel sample (test specimen based on a 0.002 offset. 
+40000 
+30000 = 
5 
$+20000 
c 
Va 7 4 
. +10000 + - 
3 
Initial Tension / 
/ / 
10000 
/ /2 
8-30 000}— => 
-40000 
> be 0,0008 


Strain, in per inch 


9B) is shown in Fig. 5. The cycle of 
curves on the left illustrates (1) initial 
tensile load just into the lower yield 
point range; (2) removal of tensile load; 
3) compression load, with a considerable 
decrease in the proportional limit as 
compared with a previously unstrained 
specimen (1, on right); (4) removal of 
compressive load; (5) tensile load, with 
low proportional limit; (6) removal of 


J. Bauschinger, “Die Verinderungen der Elasticitits- 
Shen) Mechanical Testing Lab. (Miin- 


4 James Muir, “On the Recovery of I f O 
Vol rensections, Royal Soc. (London), 
Cpa Lemplin and R. G. Sturm, “Some Stress-Strain 
ae of Metals,” Journal of the Aeronautical Sciences, 

1, No. 5, March, 1940, pp. 189-198, 


Fic. 5.—Cyclic Stress-Strain Curves in Tension and Compression for Structural Steel Sample 9B. 


The right side of Fig. 5 exhibits almost 
the same characteristics for the complete 
reverse of the order on the left, starting 
in this case with initial compression. 

Figure 6 shows two similar cycles of 
loading for specimens taken from 1-in. 
diameter rod of aluminum alloy 27S-T 
(test specimen No. 35). The general 
shape of the curves after previous strain 
in the reverse direction is not changed 
as much for the aluminum alloy as for 
the structural steel. The use of an 
0.002 offset as the arbitrary definition 
for yield strength of the aluminum alloy, 
however, would lead to the conclusion 
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that the yield strength is lowered after proximately to that obtained at the 
previous stress in the reverse direction up yield strength. 
_ to or slightly beyond the yield strength. Figure 7 illustrates the phenomena of 
In Fig. 5, the amount of overstrain in elastic recovery, observed by James 
j the lower yield point range could not be Muir" in 1900. On the left, (1) is the 
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Fic. 6.—Cyclic Stress-Strain Curves in Tension and Compression for Structural Aluminum Alloy 
27S-T Sample No. 35A. 
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‘Fic. 7.—Effect of Prior Overstrain in Reverse Sense on Structural Steel Sample 9B and 
Partial Elastic Recovery by Boiling in Water. 


measured exactly but was approximately _ stress-strain diagram in tension for the 
} percent. Inthe case of the aluminum undisturbed structural steel, (2) rep 
alloy the overstrain corresponded ap- sents the tension test after previous com 
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pression just into the lower yield point 
range, and (3) is the same as (2) except 
for subsequent boiling in water for 3 hr. 
The three curves on the right illustrate 
compression test results for the reversed 
conditions. The curves (3) in each case 
show the partial elastic recovery pro- 
duced by boiling in water for a short 
period. Similar recovery is reported by 
Muir and others for specimens left for 
several days at ordinary room tem- 
perature. 


Test RESULTS 


The general test results are sum- 
marized in Table II, the first three 
columns of which classify the material 


TABLE III.—RATIOS BETWEEN RESULTS WITH DIRECTION OF ROLLING AND THOSE NORMAL 
TO DIRECTION OF ROLLING FOR AVERA 
DEFINITE DIRECTIONAL EFFECT. 
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tests with and at right angles to the 
direction of rolling, respectively. Test 
15C is a special test at 45 deg. to the 
direction of rolling and is not included 
in the averages. The third column 
gives the source of the material. 

Six columns under the heading Tension 


Test and five columns under the head- . 
ing Compression Test present unit 
stresses at the proportional limit (ap), 

the upper yield point (eyy), the lower 
yield point (¢,y), the nominal maxi- 


and the true breaking stress (o7,). In 
the case of the compression tests there is 
no true breaking stress and the values of 
maximum stress represent the stress 


GE PHYSICAL PROPERTIES SHOWING 


Elonga- | 


mum (oyy), the true maximum 


Com- 
Tension | Reduction True Ductility Indices 
Steel Classification of Area, | 
vie er cent 
op rR per cent | Uniform | Necking | Total 
Carbon structural.............. 1.069 1.064 1.035 1.117 1.119 1.037 1,223 1.180 
Silicon structural. ...... -| 1.694 1.179 1.041 1.189 1.251 1.051 1.463 1.362 
Low alloysA.......... 0.948 1.120 1.019 1.101 1,193 0.934 1.357 1.272 
| eer 1.047 1.056 0.989 1.059 1.105 1.055 1.186 1.165 
Weighted average.............. 1.162 1,104 1.017 1.119 1.167 1.011 1,309 1.244 


used in each test. The steels are clas- 
sified in the first column into four gen- 
eral groups: carbon structural, silicon 
structural, low alloys A, and low alloys 
B. The low-alloy steels are further 
classified into subgroups according to 
different manufacturer’s classifications. 
Each subgroup of low alloy A has some 
samples with upper yield points be- 
tween 40,000 and 50,000 psi., whereas 
no single sample in low-alloy group B 
has an upper yield point below 50,000 
ps. This classification of the low al- 
loys is purely arbitrary and is for the 
purpose of comparing averages of the 
lest results. 

In the second column of Table II, 
the numerals refer to the different speci- 
mens and the letters A or B indicate 


when the test was stopped and at a more 
or less arbitrary load during initial 
plastic buckling. In three tests of sili- 
con steels and all tests of aluminum 
alloy no lower yield points were ob- 
served and the yield strength of 0.002 
per cent offset is reported under the 
column for (ayy). 

The presentation of unit stresses is 
followed in Table IT by six columns giving 
significant stress ratios and five columns 
presenting the usual ductility criteria 
together with the “true’”’ indices pro- 
posed by MacGregor. The last four 
columns give the experimental values of 
Young’s modulus of elasticity and Pois- 
son’s ratio, determined both in tension 
and compression. 

Table III presents the ratios between 
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Fic, 8.—Typical Stress-Strain Curves in Tension and Compression for Tests of Carbon 


Structural Steel. 
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Fic. 9.—Stress-Strain Curves of a Silicon Structural Steel with Marked Directional Properties 
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Fic. 10.—Stress-Strain Curves of Low Alloy Steels in Tension and Compression. 
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results with and across the direction of 
rolling for the group averages in Table II. 
Figures 8, 9, 10, and 11 present some 
of the stress-strain curves in tension 
and compression for each of the groups 
of steels tested. In each of the figures 
are presented examples of (1) a test 
showing the most linear behavior up to 
the yield point, (2) a typical test, and 
(3) a test showing the least linear be- 
havior. In Fig. 9, for silicon structural 
steel, the three examples of different 
behavior are all from the same sample 
but each test is oriented differently with 
respect to the direction of rolling. 


DISCUSSION OF TEST RESULTS 


Proportional Limit and Shape of Stress- 
Strain Diagram Below the Yield Point: 


The influences of axiality of test load 
and previous strain history upon the 
proportional limit have been illustrated 
by special tests (see Figs. 2, 5, 6, and 7). 
The influence of stress raisers due to 
surface roughness or shoulder fillets in 
reducing both the proportional limit and 
yield points was illustrated by Docherty 
and Thorne.'® 

The average ratios between propor- 
tional limit and upper yield point for 
the steels tested are: 


Carbon structural steel 
Silicon structural steel 
Low alloys in group A. . 
Low alloys in group B 


With 
 Direc- 
tion of 
Rolling 
0.82 
0.77 
0.68 
0.72 


Across 
Direc- 
tion of 
Rolling 
0.78 
0.48 
0.73 
0.69 


Average 
0.80 


0.62 
0.70 
0.71 

In relation to the yield point, carbon 
structural steel had relatively the high- 
est proportional limit and silicon struc- 
tural steel the lowest. Furthermore, the 
silicon structural steel showed a marked 
lowering of the proportional limit in 
tension when tested at right angles to 
the direction of rolling. 

The shape of the stress-strain curve 
above the proportional limit is impor- 
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tant in determining critical bucklin 
stresses in the design of plate elements 
in compression. The typical and ex- 
treme stress-strain curves in Figs. 8, 9, 
10, and 11 provide some information 
along these lines but it should be kept 
in mind that the previous rolling mill 
treatment undergone by the material 
affects the results. All of the material 
tested was ? in. thick or more. Roll- 
ing the same material to smaller thick- 
nesses might alter its stress-strain char- 
acteristics. 


Upper and Lower Vield Point: 


The upper yield point for any particu- 
lar steel depends upon the previous 
strain history, the rate of loading, the 
presence of local stress raisers such as 
surface roughness or shoulder fillets, the 
axiality of test load (see Fig. 2), and the 
cross-sectional shape of the specimen. 
Higher upper yield points would have 
been noted if a larger radius had been 
used for the shoulder fillets.> It should 
also be noted that higher upper yield 
points would have resulted if the speed 
of test had been as great as that allowed 
by A.S.T.M. Standards." The speed 
of test was so slow in these tests that it 
could not be considered an influencing 
factor. 

The lower yield point is considered by 
some to be a more stable criterion than 
the upper and is affected principally by 
rate of strain and the previous strain 
history of the material. It is inter 
esting to note that if the arbitrary ofiset 
criterion for yield strength were applied 
to a steel with a drop-of-the-beam yield 
point the lower yield point would cor 
respond to the yield strength. 

The ratio between upper and lower 
yield point is tabulated for each test 
Table II. The upper yield point aver 

16 Joseph Winlock and Ralph W. E. Leiter, “Some Fae 
tors Affecting the Plastic Deformation of Sheet and acd 


Steel,” Transactions, Am. Soc. Metals, Vol. XXV, No.1, 
March, 1937, pp. 163-185. 
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aged 7.4 per cent higher than the lower 
yield point for all of the steels tested and 
this percentage did not vary greatly for 
the different steels or for the tests with 
or across the direction of rolling. 

The ratio between upper yield point 
stress and nomirial maximum stress is 
sometimes limited in structural specifica- 
tions. Individual values of this ratio 
are also given in Table II, the ratios in 
the tension test having more significance 
than those in the compression test. The 
averages of this ratio were about the 
same for carbon structural and silicon 
structural steel and were slightly higher 
for the low-alloy steels. 

Comparison between the yield points 
in tension and compression are par- 
ticularly significant because they indi- 
cate to what extent the tension test may 
be relied upon to provide information 
regarding the compression stress-strain 
characteristics of the material. Con- 
siderable difference between the com- 
pression and tension stress-strain char- 
acteristics have been reported for some 
alloys used in aircraft construction." 

The structural and low-alloy steels 
tested in this program showed prac- 
tically no difference between compres- 
sion and tension stress-strain character 
istics through the upper and_ lower 
yield point range, as based on group 
averages for any particular direction of 
rolling. The grand average of all tests 
showed the upper yield point to be only 
0.2 per cent higher in compression than 
in tension and the lower yield point to 
be 1.8 per cent higher. These differ- 
ences are smaller than some of the other 
factors which may affect the test results. 


Stresses at the Maximum and Breaking 
Loads: 


_ Nominal and true stresses are reported 
in Table II for each test at the maximum 
and breaking loads. The maximum 

in the tension test indicates the 


beginning of local necking but in the 
compression test signifies the load at 
plastic buckling. The true stress at the 
breaking load is reported for each 
tension test and averages higher in the 
direction of rolling than normal to it for 
all the steels tested. This is a result of 


the smaller reduction of area exhibited 
across the direction of rolling. The 
nominal and true stresses at maximum 
load were not influenced to any signifi- 
cant degree by the direction of rolling. — 


Ductility Criteria: 


Table II presents the usual measures 
of ductility, that is, percentage elonga- 
tion in 2 in. and percentage reduction of 
area. 
for the averages of all steels tested, 
greater ductility with the direction of 
rolling than across. 

The ductility indices proposed by 
MacGregor’ are also tabulated in Table 
II. These “true” indices of ductility 
give a more complete picture of the | 
ductility qualities than do the usual | 
criteria. ‘The only information required 
to calculate the ‘‘true” indices in addi- 
tion to that obtained in the standard 
tension test are the measurements of the 
diameter of the specimen at maximum 
load and a recording of the load at 
fracture. 

The uniform “true” ductility index 
for the steels tested in this program 
shows practically the same average 
value with and across the direction of 
rolling. The “necking” or “nonuni- 
form” “true” index of ductility, on the 
other hand, is consistently higher for 
tests in the direction of rolling, with the 
greatest directional effect in the case of 
the silicon structural steel. 

The individual tests of the steels show 
a fairly consistent relation between 


17 William R. Osgood, ‘Column Strength of Tubes,” 
Report No. 615, Nat. Advisory Committee for Aeronautics 
(1938). 


Both of these criteria indicate, — 
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“uniform” ductility and “necking” duc- 
tility, with the “necking” usually 
amounting to from three to six times the 
“uniform.” The two specimens of struc- 
tural aluminum alloy 27S-T show inter- 
esting individual behavior with respect 
to the “true” ductility indices. Speci- 
mens Nos. 34A and 34B show between 
four and five times more uniform duc- 
tility than necking ductility, both with 
and across the direction of rolling. The 
surface of these samples showed a 
stringy texture after elongation. Alumi- 
num alloy No. 35, in contrast to Nos. 
34A and 34B, exhibited nearly four 
times more necking ductility than uni- 
form ductility, and the elongated ma- 
terial maintained a smooth surface 
appearance. Just what _ significance 
there is to these contrary types of be- 
havior is open to question, but it may be 
important to note that the percentage 
elongation values completely mask these 
differences which are brought out so 
clearly by the “true” indices of ductility. 
An effort was made to get more samples 
of structural aluminum alloy but the 
defense situation had developed in the 
meantime and this was not possible. 


Brinell Hardness Number: 


The Brinell hardness numbers are 
based on impressions on the rolled sur- 
face after rough polishing. The approxi- 
mate correlation of nominal maximum 
tensile strength in pounds persquare inch 
with Brinell number (B) for all steels was 


vy = 11,500 + 428 B. 


The agreement in 32 out of 33 tests was 
within +10 per cent. The relation cyy 
= 500 B agreed just as well for the 
silicon and low-alloy steels but gave in 
general too low values for the carbon 
structural steels. 


Elastic Constants: 


The determination of the modulus of 


elasticity and Poisson’s ratio resulted jn 
remarkably consistent values. It is be- 
lieved that this is due in part to the 
simultaneous use of three tensometers 
during each test and to the extreme care 
used in obtaining axial loading. 

The average values for all steels of £ 
= 29,540,000 psi. and »v = 0.297 may 
be used to calculate the shearing modu- 
lus, G. 


2(1 + v) 
The directional properties of the 
material had no apparent influence on 


either the modulus of elasticity or 
Poisson’s ratio. 


G = 11,390,000 psi. 


Directional Properties in the Plane of 
Plate: 


The properties of the steels with 
respect to direction of rolling showed 
variations of group averages of more 
than a few per cent only in the case of 
the proportional limit, true breaking 
stress, and some of the ductility indices 
(see Table III). The index of “un- 
form” ductility showed no appreciable 
directional properties. In view of these 
facts it may be concluded that structural 
steels, on the average, exhibit very little 
directional properties in the plane of the 
plate up to the maximum test load in 
so far as the tension test is a criterion. 
Individual exceptions to this conclusion 
were noted, as is shown by Fig. 9 fore 
silicon structural steel. In this case the 
yield point, as well as the proportional 
limit, was affected. In general, the 
silicon structural steels showed the most 
definite directional properties. This 
might have been expected on the bass 
of the macrographic examination which 
was made of all steels by hot etching ! 

_ hydrochloric acid. The structural sil: 
con steels showed a particularly fibrous 
structure. It should be pointed 
that the directional properties norm 
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to the plane of the plate were not 
investigated. 


SIGNIFICANCE OF THE TEST RESULTS 


It is important in any survey of ten- 
sile and compressive characteristics of 
a material to consider what relation 
they may have to the problems of struc- 
tural design.'* Such was the purpose, 
in part, of the 1940 A.S.T.M. Sym- 
posium on the Significance of the 
Tension Test. The relation of unidirec- 
tional strength or ductility properties 
to the behavior of a structure is twofold: 

1. The relation between the uni- 
directional properties and the properties 
under a state of combined stress. 

2. The relation between the prop- 
erties of a material, under a state of 
combined stress, and the properties of a 
structure, in which the state of stress 
may vary from point to point, and 
over-all deformations may be deter- 
mined partly by shape characteristics. 

A great deal of work remains to be 
done along these lines. The structural 
significance of the ratio of yield point 
or yield strength to ultimate strength 
and the structural significance of the 
general shape of the stress-strain curve 
beyond the elastic range are problems 
which are not fully understood as yet. 

Some of the steels had upper yield 
points below the specification minimum. 
Some of these might have passed speci- 
ications if the maximum allowable 
testing speed had been used. It would 
appear, therefore, that a specification 
minimum yield strength should be dis- 
counted slightly in determining allow- 
able working stresses. 

The “Bauschinger” effect might be 
important structurally if a material 
which had been stressed beyond the 
yield point in tension were to be used in 
4 compression member. The reduced 


Bruce Johnston, “The Stru signi 
pounston, ctural Significance of 
Stress,” Civil Engineering, Vol. 9, May, 1939, pp. 291-294. 


effective modulus!® of such a material 
would materially lower the critical buck-. 
ling load in such a structural member. 

The ductility requirements of a struc- 
tural material have been a subject of — 
much discussion but there is little definite 
knowledge available.”° 

The “true” indices of ductility pro- 
posed by MacGregor*® represent a dis- 
tinct step forward in quantitatively dif- 
ferentiating “uniform” and ‘‘necking’’ 
ductility. A profitable field of research — 
is here opened to determine the relative - 
structural significance of these two types - 
of ductility. 

The use of #-in. plate as the principal 
source of material for this investigation 
eliminates certain variables which might — 
otherwise have affected the test results. 
The same material rolled thinner would 
have had different stress-strain char- 
acteristics. The same material rolled 
into a structural section such as an I- 
beam would have had nonuniform thick- 
ness resulting in initial strains due to 
cooling. In either case the alteration 
in stress-strain characteristics would 
have been due to differences in the previ- 


ous strain history of the material. 


The following conclusions apply only 
to the steels because there were insuf- 
ficient samples of structural aluminum 
to form a basis for definite conclusions. 

1. The average values of the upper 
and lower yield points of each type of 
steel tested in this program were prac- 
tically the same in compression as in 
tension. 

2. The general shape of the individual 
stress-strain curves up to the upper 


CONCLUSIONS 


19William R. Osgood, ‘Column Curves and Stress- 
Strain Diagrams,’ Journal of Research, Nat. Bureau 
Standards, Vol. 4, No. 4, October, 1932, pp. 571-582 (Re- 
search Paper No. 492). 

20H. W. Gillett, ‘““The Limited Significance of the 
Ductility Features of the Tension Test,”’ Proceedings, Am. 
Soc. Testing Mats., Vol. 40, pp. 551-579 (1940); also dis- 
cussion, p. 601. 
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yield point and into the lower yield 
point range were very nearly alike in 
tension and compression, except that 
the propertional limits were usually 
higher in compression. The greatest 
differences between tension and com- 
pression stress-strain characteristics were 
noted across the direction of rolling in 
the silicon steels. 

3. The upper yield point averaged 
8.0 per cent higher in tension and 6.4 
per cent higher in compression than 
the lower yield point with approximately 
the same difference for each class of 
steel. 

4. The average ratio in tension be- 
tween upper yield point and nominal 
maximum stress was 0.56 for carbon 
structural, 0.55 for silicon structural, 
and 0.65 for the low-alloy steels, with 
very little difference in the ratio with or 
across the direction of rolling in each 
case. 

5. The direction of rolling affected 
the proportional limit, true breaking 
stress, and most of the ductility indices 
more than the other properties. Ex- 
cept for the proportional limit, the prop- 
erties most affected were associated with 
the tensile behavior beyond maximum 
load. 

6. The differences in directional prop- 
erties were most marked in the case of 
silicon structural steel. 

7. The rating of the three general 
types of steels with respect to various 
ductility criteria was as follows: 

Elongation in 2 in., and ‘‘true” uni- 
form index 
_ (1) Carbon structural steel. 

(2) Low alloy steel. 
(3) Silicon structural steel. 


« 


Reduction of area, and “true”’ neck. 
ing index 
Low alloy steel. 4 
(2) Carbon structural steel, 
(3) Silicon structural steel. 


“True” over-all index of ductility 
(1) Low alloy steel. ; 
(2) Carbon structural steel, 

(3) Silicon structural steel. 
8. The elastic constants were not af. 
fected by the direction of rolling and 
the average values for all tests were: 


Modulus of elasticity, F = 29, 540,000 psi. 

Poisson’s ratio, vy = 0.297 

Shearing modulus (calculated from E and») 
G = 11,390,000 psi. 


The average values of /, and Er were very 
nearly equivalent for every class of metal tested. 
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Mr. E. A. Davis! (presented in written 
form).—Messrs. Johnston and Opila 
have very carefully run their tests and, 
in general, have quite clearly described 
the results. There is one point, how- 
ever, which may merit a little closer 
study. In describing the cyclic loading 
test shown in Fig. 5, they say that at (7) 
the initial tensile characteristics of the 
material have been restored. This may 
easily be misunderstood to mean that 
the test specimen is now back in the 


wa 


similar to that at (6) and (7) would be 
obtained and when a stress somewhat 
higher than the lower yield point were 
reached, localized slip would be resumed. 
This would cause the stress to drop to 
the lower yield point and would trans- 
form more of the elastic portion into the 
plastic state. The “Bauschinger Ef- 
fect” noticed in the compression loading 
(3) would necessarily have to be con- 
tributed by that part of the materia] 
already in the plastic state, for materia] 


ELASTICALLY DEFORMED REGION 


PLASTICALLY DEFORMED LAYER 
ey STRAINS IN THIS REGION ARE ) 
OF THE ORDER OF 3 TO 10 PERCENT 


Fig. 1. 


same condition as it was at the begin- 
ning of the test. The experience of the 
writer would indicate that the cyclic 
diagram (Fig. 5) can be explained in the 
following manner. 

It can be seen that the bar was un- 
loaded (2) very soon after the first 
localized slip occurred. This slip layer 
would probably be located as shown in 
the accompanying Fig. 1 of this dis- 
cussion. This means that a large part 
ol the specimen was still in a purely 
elastic State. If it were reloaded in 
tension after the unloading (2) a loop 

' Research 


facturing Co., 8 , Westinghouse Electric and Manu 


East Pittsburgh, Pa. 


7 


Deformation in a Mild Steel Bar Just After the Lower Yield Point Is Reached. 


which has not been deformed plastically 
does not show this effect. The drop in 
load at the lower end of the compression 
loading (3) indicates that localized 
yielding is taking place in some of the 
remaining elastic regions. This same 
description will hold for the steps five, 
six, and seven. 
The total yield point elongation, or 
that elongation occurring in what the 
authors call the lower yield point range 
depends upon such factors as composi- 
tion and speed of deformation and may 
be as high as 10 or 12 per cent. If we 
assume that for this material it is as 
low as 3 per cent, the flat portion of the 
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curve in the lower yield point region 
should spread over about thirty-six of 
the units of strain shown in Fig. 5. It 
seems that several more such cycles 
might have been made before the 
localized yielding or “drop of the beam” 
phenomena would completely disappear, 
yet the material is definitely not in its 
original condition. 

Mr. MARSHALL (presented in 
writien form).—The authors have under- 
taken an important study of structural 
materials and have made a valuable 
contribution to the store of test data on 
the behavior of commonly used struc- 
tural alloys. There are, however, some 
points in the paper that seem to need 
further discussion. 

The cyclic stress-strain curves for 
27S-T in Fig. 6 are misleading because 
of the use of the dash line, a type of line 
used to indicate an extrapolation in the 
case of some of the stress-strain curves 
for steel, for example see Fig. 2. It ap- 
pears that the dash line in this case 
merely shows an offset in the curves to 
avoid confusion. The cyclic stress- 
strain curves for 27S-T are known to be 
very similar to those tor aluminum 
alloy 17S-T shown in Fig. 13 of “Some 
Stress-Strain Studies of Metals,” by 
R. L. Templin and R. G. Sturm.’ 

From the few cyclic stress-strain tests 
made it is concluded that the “Bausch- 
inger effect’? would be detrimental, 
that is, the loading beyond the yield 
strength .in one direction would always 
result in a decrease in the yield strength 
in a subsequent loading in the opposite 
direction. It is shown by Templin and 
Sturm that with larger amounts of 
stretching both the tensile and com- 
pressive yield strengths are increased 
in the case of the aluminum alloys. 

The use of Huggenberger tensometers 


2 Research Engineer, Aluminum Research Labora- 
mn, Aluminum Company of America, New Kensington, 

Pa 
3 Journal of Aeronautical Sciences, Vol. 


7, No. 
March, 1940, pp. 189-198. 


with such a short gage length is usually 
not considered good practice for deter. 
mining the modulus of elasticity; how- 
ever, the reported values of modulus of 
elasticity of 27S-T are in good agree. 
ment with the results of tests made on 
the same lot of material by the Alumi- 
num Research Laboratories using a 
longer gage length and an extensometer 
of greater precision. The good agree- 
ment of the tensile properties of 27S-T 
determined by the Aluminum Research 
Laboratories with those reported 
Table II of the paper is shown below: 


Aluminum 
Research 
Laboratory 


Lehigh 
University 


With 
Grain 


Across 
Grain 


With | Across 
; Grain | Grain 


l-in. plate: | 
Tensile strength, psi. 60 300 | 59 800 59 500! 58 70 
Yield strength, psi. 40 700 | 40.600 40 500 | 40.3% 
Elongation in 2 in., per 
cent 15.1 13.3} 17.5) 13.5 


l-in. rod: 
Tensile strength, psi. 
Yield strength, psi. 
Elongation in 2 in., per 
cent : 12.8 16.5 


66 500 
56 280 


68 300 
53 500 


The assumption is made by the 
authors that the use of }-in. thick plate 
eliminates enough of the variables al- 
fecting the properties that material with 
uniform properties would be obtained. 
The extent to which uniformity is at- 
tained can be determined from a study 
of the following ranges in tensile prop- 
erties of carbon steel and silicon ste¢! 
found in Table II: 


Range of Values | Range of Values 


, 
Property for Carbon Steel | for Silicon Stee! 


Tensile yield strength, 


41 500 to 49 20 


i. 
with grain 
42 400 to 487" 


Across grain. . 


31 200 to 41 900 
.| 30 300 to 38 700 


Tensile strength, psi. 
With grain 


56 000 to 64 700 | 80 600 to -$-- 
Across grain 


55 000 to 72 500 | 81 400 to 


Elongation in 2 in., 
per cent 

With grain . 37.0 to 45.5 

Across grain ; 28.0 to 42.0 


28.5 to 36.5 
16.54 to 32.2 


* Broke near punch mark. 
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to 49 
to 48 70 


to 94 20 
to 9010 


to 36.5 
to 32.5 
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These variations would undoubtedly 
be satisfactory for materials for usual 
commercial use, but do the authors con- 
sider them satisfactory for material for 
the research program undertaken? 

Mr. A. Napar* (by letter).—With re- 
gard to the test results shown in Fig. 4 
for the upper yield point obtained in 
compression tests in which the cylinders 
had a ratio of the length Z to the diam- 
eter D, which varied between the values 
L/D = 1 to 6, the authors of the paper 
point to the end effects at the com- 
pression plates. ‘The writer recalls that 
in some compression tests made several 
years ago with mild steel, conical surfaces 
of shear could be demonstrated in the 
interior of the cylinders by means of the 
Fry etching method. First yielding in 
the steel cylinders occurred along conical 
surfaces which started at the edges of 
the test cylinders. It is believed that 


yielding along such surfaces is respon- 
sible for the first drop of the load when 
well-centered and ground steel cylinders 


are compressed in the axial direction 
between perfectly smooth parallel plates 
and that the “‘first yielding” in a cylin- 
drical test specimen in tension and in 
compression may be due to different not 
homogeneous states of stress, since it is 
practically impossible to produce an 
undisturbed state of axial compression 
due to the friction of the compression 
plates. 

Mr. J. M. Lessewis® (by letter). 
The paper is of considerable interest be- 
cause it brings together test data on 
structural carbon and silicon steels and 
low-alloy steels. 

Apart from the statistical data pre- 
sented, the authors discuss certain 
features such as upper and lower yield 
point, Bauschinger effect, overstrain and 


search Mechanica] Engineer, Westinghouse Re- 

peers! -aboratories, Westinghouse Electric and Manu 
Co., Pittsburgh, Pa. 

pociate Professor of Mechanical Engineering 

assachusetts Institute of Technology, Cambridge, Mass. 


true stress-strain relations but these do 
not appear to add anything to the known 
knowledge. 

On page 566, there is a statement that 
“the lower yield point is considered by 
some to be a more stable criterion.” This’ 
could be more positive since most en- 
gineers believe that the lower yield point | 
is the more important physical property. | 

As regards overstrain effects, Fig. 7— 
shows recovery effected by boiling in 
water. It would have been interesting | 
to have had similar data on the alloy 
steels. Mention should also be made of 
Dalby’s® work. 

Directional properties are of im- 
portance. There are indications that 
certain heats of alloy steel show a 
distinct drop in transverse properties’ 
which can only be shown by fatigue 
tests. 

Mr. H. J. Goprrey’ (by letter).—This 
significant paper on the physical prop- 
erties of structural alloys emphasizes the 
importance of using the utmost accuracy 
in carrying out the simple tension and. 
compression test. The data presented 
should be of great assistance in deter- 
mining the meaning of the various physi- 
cal measurements which are associated 
with the physical characteristics of 
structural alloys. 

The use of the “true” ductility indices 
to evaluate the physical properties of 
structural alloys is of extreme interest, 
particularly in regard to the effect of 
the direction of rolling on the necking 
ductility index. 

The writer has had the opportunity to 
make a limited number of bend tests on 
some of the material included in this 
paper and these tests were also affected 
by the direction of rolling. The bend- 
testing machine used for these tests was 
designed initially for the testing of steel 


6 “Strength and Structure of Steel and Other Metals,” 
Longmans, Green, and Co. 

7 Development Engineer, Development Engineering 
Laboratory, John A. Roebling’s Sons Co., Trenton, N.J. 
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wire. A description of the machine and 6 in. in length. The specimens were 
its operation may be found in a paper bent through 180 deg. in their weakest 
by the writer on “The Fatigue and direction over rolls 1 in. in diameter 
Bending Properties of Cold-Drawn Steel with the specimen so placed that the 
Wire.”’*® In brief, the test consists of — roll diameter was ten times the thick- 
bending the test specimen back and forth ness of the specimen. The results of 

the bend test are presented in the 


TABLE 1, BENDING PROPERTIES OF accompanying Table I along with the 
corresponding necking indices reported axi. 
Magshos of 100- in the paper. The direction of rolling ma: 
deg. Bends ° 
Material __ Neck was found to have considerable effect diff 
a | tadues on the number of bends to failure and 7 
in every case the specimens tested with 
38.0 36. the direction of rolling withstood a 
598 greater number of bends than the cor- — 
Silicon structural ! - 0 5 responding specimens tested across the Ma 
003 0 5 direction of rolling. teria 
598 5 0 
828 3 0 Ihese test results are also presented 
471 ‘5 ‘5 
, > in the accompanying Fig. 2 where a 
Low alloy A-3 direct relationship between the necking 
ductility index and the number of bends 
5 may be observed. The structural alumi- 
num alloys which had a relatively low ” 
“A = specimens tested with the direction of rolling; L: a ae 
B = specimens tested across the direction of rolling. necking ductility index also withtioud per ate 
A 
D 
6 
2 “St 
= “St 
40, 
= © STRUCTURAL STEEL 
= prope 
Es © STRUCTURAL ALUMINUM _ the by 
| | steels, 
comp 
y 
NUMBER OF 180-DEG. BENDS were | 
Fig. 2.—Relation Between the Necking Ductility Index and the Number of Bends. States 
men 
over rollers until fracture occurs. Dur- very few 180-deg. bends as compa’ may | 
ing the bend test a small tension load to the structural steel specimens. differe 
9 
is applied to the specimen. Mr. W. Leicuton Coxts® (by subjec 
The bend specimens were machined _ letter).—-It is quite evident that one of the The 
from 3-in. plates to a cross-section of — purposes of the work of Messrs. Johnston on five 


0.20 by 0.10 in. and were approximately and Opila was to compare the action 


8 Transactions, Am. Soc. Metals., Vo]. XXUX, No. 1, 9 Assistant Professor, Department of Theoretical a= 
March, 1941, p. 133. Applied Mechanics, University of Illinois, Urbana, Ill 
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of some of the newer low-alloy high- 
strength steels in tension and com- 
pression to determine whether their 
behavior is the same as that of a number 
of more common and more widely used 
plain carbon steels under the same types 
of loading. The tests were conducted 
with unusually great care in regard to 
axiality of loading, and the comparisons 
made indicate that there are no great 
differences in the tensile and compressive 


TABLE II. 
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MECHANICAL PROPERTIES OF LOW-ALLOY HIGH-STRENGTH STEELS. 
Each value is the average of 3 tests, except as noted. 
All specimens came from %4-in. round bars in the 


one plain carbon steel to compare their 
actions in tension and compression. 
The tests were made without exercising 
as great care as the authors to insure 
axial loads, but nevertheless the tests 
were carefully made. The data were 
briefly referred to in the paper on 
“Physical Properties of Four Low-Alloy 
High-Strength Steels’ and are pre- 
sented in their entirety in the accom- 
panying Table II. It is felt that a 


as-rolled’’ condition 


| _ Modulus of tion of | Ratio. | Ratio, Ratio, 
a p» PSI oN M> PSi- Elasticity, per rea, P uy |"uy : 
psi. cent | | %yy Tens 
1 Tension—D = 0.500 in. 2-in. gage length. Shoulder-type specimen. 
y A 50 000 | 58 000 76 900 29 800 000 40.2 73.1 0.86 | 0.76 
B 48 400 55 800 71 200 29 600 000 38.0 69.8 0.87 0.78 
s Cc 48 300 62 800 92 200 29 500 000 29.5 54.8 0.77 0.68 
62 500 83 700 128 000 31000000 23.1 | 58.3 0.75 | 0.65 
I- E......| 31.300 51 300 77 100 28 800 000 41.3 72.3 0.61 0.66 
‘ 6 32 800 35 500 59 300 30 300 000 41.6 68.6 0.92 0.60 
d Compression—D = 0.750 in. 2-in. gage length. Fixed heads with parallel machined ends. 
L L L L 
D 3 6 3 | 6 | 
A 60 600 65300 | 65 100 199 000° 75 000 32 000 000 be ts sain 0.93 1.13 
B 54700 59300 59 400 169 000° 70 600 30 300 000 a nA ems 0.92 1.06 
Cc 52900 64900 | 65 200 | 181 000° 87 800 | 29 400 000 Bites pate 0.81 1.03 
D 71000 85.900 | 85400 | 227 000° 121 000, | 31 400 000 0.83 1.02 
E 29700 49 300 49 500 185 69 5004 | 28 000 000 0.60 0.96 
36 37 800» 37 800 | 38 500 58 000 | 30.600 000 0.98 1.06 
“Stress at departure from initial straight line. 
"For 3 
D 
“Stress limited by range of movement of compression rig. 4 
One test only. 
properties of the steels tested and that comparison of the data from the very 
the behavior of the two general types of _ carefully conducted tests for 1-in. gage 
steels, when stressed in tension and lengths with the data obtained from 
compression, are essentially the same. what may be a more common method of 
Only unidirectional stress conditions testing without undue precautions re- 
were considered by the authors. Other garding axiality of loading would be of 
States of stress, such as in a torsion speci- some value. 
i men or a notched tensile specimen, For all the tests reported in Table II 
oe be more significant in ascertaining an averaging extensometer having a 
(by ifferences in the behavior of materials gage length of 2 in. and a multiplication 
subjected to loads. 
lhe writer has made a number of tests 10W. L. Collins and T. J. Dolan, “Physical Properties 
aston on five and of Four Low-Alloy High-Strength Steels,’’ Proceedings, 


ls 


Am. Soc. Testing Mats., Vol. 38, Part II, p. 157 (1938). 
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~ ratio of 5:1 (1 division on the Ames dial 


equals a strain of 0.0001 in. per inch) was 
used. Materials A, B, C, D, and E 
are low-alloy high-strength steels and 
36 is a plain carbon structural steel, 
all but E being the same steels as re- 
ported on in the paper already referred 
to..° The tension test specimens con- 
formed with A.S.T.M. Tentative Meth- 


ods of Tension Testing of Metallic Ma- 
terials the compression 


specimens were 0.75 in. in diameter, 
only the ends being machined. The rig 
used for making the compression tests 
was similar to that shown in Fig. 3 of 
A.S.T.M. Tentative Methods of Com- 


pression Testing of Metallic Materials 
(E9-33 T).” 


In interpreting data for modulus of 
elasticity of steel it must be borne in 
mind that the use of a gage length of less 
than & in. is usually undesirable. How- 
ever, in order to compare tensile and 
compressive properties for specimens of 
equal diameters a gage length of less 
than 8 in. must be used, particularly if 
the specimens are to be kept small. 
The fact that some confidence can be 
had in the comparisons based on care- 
fully made tests using gage lengths of 
less than 8 in. is borne out by the data 
for materials A, B, C, D, and 36 in- 
cluded in Table Il and in the paper al- 
ready referred to.'° The moduli of 
elasticity determined for gage lengths 
of 2 in. varied from —5 to +3 per cent, 
average of +1 per cent, from the values 
obtained for gage lengths of 8 in. 

For the six steels studied by the writer, 
very little difference in the general shapes 
of the stress-strain curves in tension and 
compression for any given material could 
be observed for stresses up to the yield 
points. However, the proportional 
limits, yield points, and moduli of elas- 


111940 Supplement to Book of A.S.T.M. Standards 
Part I, p. 453. 
# 1939 Book of A.S.T.M. Standards, Part I, p. 1230, 


ticity usually have higher values jp 
compression than in tension, the average 
differences being 10.6, 4.7, and 1.5 per 
cent, respectively. The authors report 
no differences in yield point and modulus 
of elasticity. 

In discussing the proportional limit of 
a material it must be remembered that 
it is a purely arbitrary value for a given 
machine, extensometer, scale of plotting, 
etc.3, and should not be considered to be 
a definite property of a material. The 
values for proportional limit are given 
in the accompanying Table II only to 
afford a comparison with the authors’ 
results; little confidence should be placed 
in them as a property of a material or as 
measuring any particularly significant 
action of the materials. 

The so-called proportional limit of the 
authors is really a stress corresponding 
to a very small offset, “less than about 
0.00001 in.” as the authors say. The 
stress at a small offset, or several offsets, 
is of value, along with yield point or 
yield strength, in providing information 
regarding the shape of the stress-strain 
curve in the region of departure from 
a straight line, but since the 0.00001 in. 
used is also the limit of the sensitivity 
claimed for the Huggenberger tensom- 
eters, doubt must be attached to the 
significance of stresses so determined and 
to the ability of others to reproduce 
them. It is desirable to omit the pro- 
portional limit as a property of the ma 
terial and in its place give, perhaps, the 
stress at a small definitely measurable 
offset which is considerably larger than 
the smallest reading of the extensom- 
eter. The latter method would give 
a stress that most probably could be 
reproduced by others, that would be é 
measure of some significant action of 
the material and that would not be 


13 R. L. Templin, Determination and Significant 
of the Proportional Limit in the Testing of Me i 
Proceedings, Am. Soc. Testing Mats., Vol. 29, Part 4. 
p. 523 (1929). 
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influenced greatly by the many variables 
afiecting the proportional limit as it is 
ordinarily defined and as stated in the 
AS.T.M. Standard Definitions of Terms 
Relating to Methods of Testing 
(E6- 36).™ 

Messrs. BRUCE JOHNSTON” AND 
Francis (authors? closure).— 
The discussion by Mr. Davis provides 
a very clear explanation of the action 
during alternate cycles of compression 
and tension for a material such as struc- 
tural steel which has a flat stress-strain 
diagram in the lower yield-point range. 
The authors state that in the cyclic 
loading test shown in Fig. 5, at (7) 
“restoration of initial tensile char- 
acteristics” occurred. As Mr. Davis 
points out, this might be misinterpreted 
to imply that the material was restored 
to its original condition, which of course 
is not the case. The authors agree 
entirely with all of Mr. Davis’ com- 
ments. 

Mr. Holt is correct in his remarks 
about the dash line used to offset the 
curves in Figs. 5 and 6 to avoid confusion. 
In the case of Fig. 5 the dashed line also 
indicates that the exact amount of 
strain in the lower yield point range 
could not be measured. In Fig. 6, on 
the other hand, the dashed line does not 
represent strain at all, but is simply an 
arbitrary offset used to separate the 
curves. The authors appreciate the 
corroboration of their test results on 
structural aluminum by tests as made by 
Mr. Holt. In the last two paragraphs 
of his discussion, Mr. Holt apparently 
misunderstands one of the main purposes 
of the test program. Uniformity of 
material was consciously avoided and the 
steels were obtained from four different 


, 41939 Book of A.S.T.M. Standards, Part I, p. 778; 
art II, p. 871; Part ILI, p. 553. 
pssociate Director, Fritz Engineering Laboratory, 
and| Associate Professor of Civil Engineering, Lehigh 
hiversity, Bethlehem, Pa. 
in Cj Formerly Lawrence Calvin Brink Research Fellow 
arb Engineering, Lehigh University; now associated 
ith Baldwin-Southwark Corp., Chicago, Ill. 


manufacturers. Each of the 33 samples 
represented a different heat of steel. 
A commercial sampling of a variety of 
steels was thereby obtained and the 
results show to what extent variation 
may be expected. The results also 
show the agreement between tensile 
and compressive properties both with 
and across rolling for any particular’ 
sample of steel. When steel is used for 
research in which the material itself is’ 
not a variable it is obviously desirable 
to obtain material from one heat and— 
one rolling so as to get more uniform. 
physical properties. 

Mr. Nadai contributes some _inter- 
esting observations about probable dif- 
ferences between the stress raisers in 
tension and compression which con- 
tribute to initial yielding. 

Mr. Lessells states that ‘most 
gineers believe that the lower yield point | 
is the more important physical prop- 
erty.” The authors are glad if this is 
true, because they agree in this opinion. 
Nevertheless, the standard acceptance | 
tests of structural steel make use of the 
upper yield point. Even in research 
papers the lower yield point is often— 
omitted in the tabulation of physical 
properties. At least among the struc-— 
tural engineers the upper yield point is 
frequently the accepted criterion of 
yield strength. 

‘Mr. Lessells points out that a distinct 
drop in the transverse properties of 
alloy steels may sometimes be shown by 
fatigue tests, Mr. Godfrey, in his dis- 
cussion, provides valuable additional 
information on this question by report- 
ing repeated bend tests on some of the 
same samples of material as were used 
by the authors. These repeated bend 
tests may be considered as a type of 
highly accelerated fatigue test in which. 
the stress magnitudes are far above the 
yield strength of the material. Mr. 
Godfrey’s bend test is shown to bring 
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out important properties of metal which 
are not indicated by the usual indices 
of strength and ductility as determined 
by the standard tension test. The cor- 
relation in Fig. 2 of the “true” index of 
necking ductility with the results of the 
repeated bend test is particularly inter- 
esting and indicates a profitable field for 
future research. 

Mr. Collins provides information simi- 
lar to that obtained by the authors on a 
number of low-alloy steel samples. 

The authors appreciate the interest 
which has been shown in this paper by 
the various discussers. The discussions 
have added materially to the information 
on the subject of tension and compression 
tests. Although careful tests in tension 
and compression have been made again 
and again during the past seventy-five 
years, the continual changes in types of 
materials make a repetition of such 
work desirable from time to time. In 
addition, the introduction of more ade- 
quate ductility criteria in recent years 
has extended the scope of the information 
to be obtained from the simple tension 
test. 

After this paper went to press it was 
brought to the authors’ attention that it 
would be desirable to differentiate be- 
tween universal mill plate, which is 
usually rolled in one direction only, and 
sheared plate, which undergoes varying 
degrees of transverse rolling in the pre- 
liminary passes. The mills have fur- 
nished information in this respect which 
has enabled the following classification 
as to type of rolling of all samples 
excepting the 1 in. thick specimens. 

1. Universal mill, or hot strip mill 
plate, in general, rolled in one direction 
only. ‘Tests Nos. 4, 8,'7 12, 13, 14, 15, 
16, 23, 30, 32'* and 33.'5 


_ " Angle specimen, rolled in one direction only. 


TENSION TESTS OF STRUCTURAL ALLoys 


2. Sheared plate, which received pre- 
liminary passes in a direction transverse 
to the final rolling direction. The rela- 
tive amount of cross-rolling varies with 
the final plate dimensions desired. 
Tests Nos. 1, 2, 3, 5, 6, 7, 9, 10, 17, 
19, 20, 21, 22, 25, 26, 27, 28, and 29, 

There are not enough tests available 
to justify the tabulation of averages, 
The carbon steel samples were predomi- 
nantly sheared plate whereas only one 
sample of the silicon steel was sheared 
plate. 

The two carbon structural steel sam- 
ples in type 1 showed the greatest direc- 
tional effect of any of the carbon steels, 
both as to yield point and ductility 
criteria. The one sample of sheared 
(type 2) silicon steel showed the least 
directional effect of the silicon steels, 

The low alloy steels, of which nine 
are known to be type 2 and _ four 
type 1, gave contradictory evidence. 
Three of these type 1 steels (30, 32, and 
33) show no directional effect whatever 
with respect to yield point, contrary to 
what might be inferred from the behavior 
of the structural and silicon steels. The 
fourth type 1 steel, in this general 
group, showed the greatest directional 
effect, as would be expected. 

It may be concluded that steels which 
have a tendency toward developing 
certain directional effects are likely to 
have this tendency accentuated when 
rolled in a universal mill, or in one direc- 
tion only. This conclusion applies prin- 
cipally to yield point and ductility 
criteria. The nominal ultimate tensile 
strengths were not appreciably affected 
by direction of rolling, type of rolling, 
or type of steel. 


8 Hot strip mill plate. 


— 
TH 
¥ 
4 
4 
T 
| desi 
high 
high 
| ous 
with 
a : 
in lo 
| Stee! 
done 
| expe 
Pittsb 
216 
Part [ 


THE FABRICATION OF CARBON-MOLYBDENUM PIPING FOR HIGH- | 
TEMPERATURE SERVICE 


By R. W. Emerson! 


SYNOPSIS 

The present method of acceptance of carbon-molybdenum piping for high- 
temperature service is based on mctallographic examination for grain size and 
structure. 

Though there appears to be general agreement as to the proper grain size for | 
increased creep strength, there also appears to be disagreement as to the rate of 
cooling of pipe from the heat-treating temperature. 

This paper deals with the effects of hot fabrication such as upsetting, hot 
bending, forging, and welding on the physical and metallographic properties 
of low carbon - 0.5 per cent molybdenum steel (A.S.T.M. Tentative Specifica- 
tions for Seamless Carbon-Molybdenum Alloy-Steel Pipe for Service at Tem- 
peratures from 750 to 1000 F. (A 206 — 40 T)?), and the removal of same by 
final heat treatment for grain size. The effect of heat-treating temperature, 
cooling rate, and steel melting practice on grain size and structure of this 
material is also discussed. 

Since welding follows final heat treatment for grain size and since a variety 
of microstructures exists in and adjacent to the welded joint, many of which 
would be considered as unsatisfactory if found in the pipe proper, the question 
is asked: “If the creep properties in or adjacent to the welded joint are some- 
what inferior to that of the piping proper, or at least the microstructure con- 
sidered as such, of what significance is this problem?” 


loday modern power plants are being which may possibly affect the creep rate 


designed for operating temperatures as 
high as 950 F. and working pressures as 
high as 2000 psi. Essentially continu- 
ous Operating conditions such as these, 
with the design stresses used, will pro- 
duce over a period of time, plastic flow 
in low carbon - 0.5 per cent molybdenum 
steel. Considerable pioneering has been 
done on the subject of creep (plastic flow 
of metals at elevated temperatures) and 
experience has shown that the variables 


ittsburgh Piping and Equipment Co., 
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of steel are not only multitudinous, but 
illusive in nature. Of the many vari- 
ables which appear to affect the creep 
rate of both carbon and alloy steel, and 
of which considerable research has been 
done, ferrite grain size* and carbide 
structure have appeared to be out- 
standing (1, 2, 3, 4).4 

Final acceptance of carbon-molyb- 
denum piping for high-temperature serv-_ 


* The term ‘‘grain size’’ when used hereafter refers to 
ferrite and carbide grain size and not austenite grain size, 
unless so stated. 

4 The boldface numbers in parentheses refer to the re- 
ports and papers appearing in the list of references ap- 
pended to this paper, see p. 604. 
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ice is based on metallographic examina- 

tion for grain size and carbide structure. 

There seems, at the present time, to be 

general agreement to the fact that for 

increased creep strength, a medium grain 
size (A.S.T.M. Nos. 3 to 6) is to be pre- 
ferred to a fine grain size (A.S.T.M. 

Nos. 7 to 8). There also appears, at 

this time, however, to be some disagree- 

ment as to the form of the carbide struc- 
ture for best creep results, since in some 
cases furnace-cooled pipe is specified, 
while in others, air cooling is specified. 

In the former instance, a dense sorbitic 

pearlite is formed; the latter treatment, 

however, producing a Widmanstaetten 
carbide structure. 

It is not the object of this paper to 
take any definite stand as to the proper 
heat treatment of low carbon - 0.5 per 
cent molybdenum steel piping (A.S.T.M. 
A 206) in order to obtain maximum 
creep strength, but rather to discuss the 
effect of the hot-fabricating processes, 
including final heat treatment, on the 
physical and metallographic properties 
of this material. It is the further ob- 
ject of this paper to leave with the reader 
certain questions which at the present 

time appear puzzling to the piping 

fabricator. 

The detailed subjects to be considered 

are the following: 

1. The metallurgical response of low 
carbon - 0.5 per cent molybdenum steel 
piping to heat treatment. 

The microstructure and physical 
properties of carbon-molybdenum steel 
piping as affected by: 

(a) Hot bending. 
(b) Upsetting. 

3. The effect of finishing temperature 
and percentage of hot reduction on the 

grain size and carbide structure of forged 
carbon-molybdenum steel. 

4. The microstructure and physical 
properties of welded joints. 

5. The effect of the heat-treating 


temperature, cooling rate, and _ steel 
melting practice on final grain size and 
carbide structure. 


STEELS INVESTIGATED 

The analysis and previous fabrication 
of the steel used in this investigation are 
given in Table I. Though all material 
used, met the chemical requirements of 
Specifications A 206 — 40 T, the grain size 
requirements of the above specifications 
could be obtained only with heats Nos. 
1 to 5, No. 6 having an A.S.T.M. grain 
size of Nos. 6 to 8 after annealing at 
1750 F. 


TABLE I.—CHEMICAL ANALYSES AND PREVIOUS 
FABRICATION OF STEEL INVESTIGATED. 


Composition, per cent 


| 
| Previous 
Fabrication 


Carbon 
| Manganese 
Phosphorus 


0.17 0.62 0.010 0.021 0.25\0.50| From 12-in., 160 
schedule pipe 

From 4-in., 120 
schedule pipe 

From 10-in., 120 
schedule pipe 

From 22! by 
1344 by 28% 
in. forging | 

From 8 by 8-in. 
billet 

| No analysis From 10-in., 100 
| schedule pipe 


0.015 0.24 0.: 
0.18,0.53 0.013 0.018 0.18 0.5 


0.18 0.46 0.020 0.022 0.16 0.5 
| | 

0.17,0.60 0.015 0.015 0.20,0.5 
| | | 


The specimens used for experimental 
purposes were taken from _hot-rolled 
pipe, a large forging block, an 8 by 8-in. 
billet section, and a 3 by 3-in. section 
forged from a portion of the 8 by 840. 
billet. 


THe METALLURGICAL RESPONSE OF LOW 
CARBON - 0.5 PER CENT MOLYB 
DENUM STEEL Prpinc TO 
TREATMENT 
The heat treatments involved in the 

hot fabrication of carbon-molybdenum 

piping may vary from an annealing treat 
ment to one which approaches a walet 
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pipe which had undergone actual fabri- 
cating conditions. The average con- 
verted Brinell hardness of each of the 
six specimens is shown in Table II. 
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- quench. In view of the above possible 
variations in heat treatment, it is es- 
sential that the response of this material 
to heat treatment be known. 
_ Photomicrographs of samples held at 
1650 F. and 1925 F. for 2 hr. per inch of 
thickness followed by (a) furnace cooling, 
(b) air cooling, and (c) water quenching 
are shown in Fig. 1. The size of the 
q specimens used for heat treatment were 
1 by 1.3 by 2 in. and were removed from 
the 12-in., 160 schedule pipe, heat No. 1, 
Table I. It was found that the test 
results from the use of specimens of this 
size more closely approximated parallel 
conditions in actual fabrication than did 
smaller specimens. These specimens 
were prepared to check both hardness 
and microstructure with that found in 
TABLE Il.-AVERAGE CONVERTED BRINELL 


HARDNESS OF LOW CARBON — 0.5 PER CENT 
MOLYBDENUM STEEL. 


Heat-Treating Vater 


Furnace \ 
Quenched 


Temperature, | 
deg. Fahr. Cooled 


Air Cooled 


1650 126 140 302 
1925 126 166 293 


It is to be observed that variation 
in heat-treating temperature had es- 
sentially no effect on the hardness of the 
furnace-cooled specimens and only a 
minor effect on the microstructure. The 
higher heat-treating temperature _re- 
sulted in increased grain size and a de- 


creased density of the sorbitic pearlite. 
For relatively coarse-grained material 


such as that of Fig. 1(b), a slower rate 
of cooling is necessary than for that of 
Fig. 1(a), to produce pearlite of equal 
density to that of Fig. 1(a). 

Fig. 1(c) and (d) are representative of 
the Widmanstaetten carbide structure ob- 
tained by the air cooling of this material. 


Hicu-TEMPERATURE SERVICE 


With this heat-treatment, the higher 
temperature resulted in a structure jn 
which the dense sorbitic pearlite was 
completely absent (complete Widman- 
staetten structure). However, as in the 
case of the annealed samples, the speci- 
men having the more coarse grained 
structure, had the pearlite of least 
density. Variation in the normalizing 
(air-cooling) temperature was noted to 
produce a slight variation in the hardness 
as might be expected from the variation 
in the microstructure. The hardness jn 
either case, however, is considered to be 
within a range which would _ indicate 
satisfactory ductility. 

The microstructure produced from 
water quenching carbon-molybdenum 
steel as may be observed from Fig. 1(¢) 
and (f) is acicular and consists of ferrite 
and martensite. This material, in the 
quenched condition, may vary in 
Brinell hardness from 250 to 400 de- 
pending on the size of the specimen, 
quenching medium, etc., upon which the 
hardness of many quenched steels de- 
pend. Under drastic quenching condi- 
tions, the microstructure will be found to 
be completely martensitic. Since the 
carbon content of the material under dis 
cussion does not exceed 0.20 per cent, 
even in view of the 0.50 per cent of 
molybdenum present, the subcritical 
transformation rate is relatively rapid. 
It is doubtful whether the average hard- 
ness of a quenched specimen would ap- 
proach the upper limits of hardness givet 
with dimensions in excess of 0.75 in. 
per side. 


THE MICROSTRUCTURE AND PHysiCal 
PROPERTIES OF CARBON-MOLYE 
DENUM STEEL PIPING AS AFFECTED BY 
Hor BENDING AND UPSETTING 


Hot Bending: 


In the production of carbon-molyl- 
denum pipe bends, straight lengths 


Temperature 
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pipe are filled and packed with sand. 2000 F. bending temperature and placed 
These are in turn heated to 1800 to on the bending table. Bending first 
occurs in the pipe adjacent to the bend- 
ing shoes. When the proper radius has 
been obtained in this portion of the 
heated pipe, it becomes necessary to 
stiffen the pipe at this point in order to 
force bending to occur successively along 


Temperature 


‘ater 
vench 


Time 


. 2.—Schematic Cooling Conditions of Pipe ‘IG. 3.—4-in., 120 Schedule Pipe, As-Bent 
Wall During the Bending Process. Condition (X 100). 


TABLE III.~PHYSICAL PROPERTIES OF HOT-BENT AND UPSET PIPE BEFORE AND AFTER HEAT 
TREATMENT. 


| 
Yield | Tensile Elongation | Reduction | 
Heat Treatment Strength, | Strength, in 2in., of Area, 
psi. psi. per cent per cent : = 
| Min. | Max. | Avg. 


Converted Brinell 
Hardness 


12-1N., 160 SCHEDULE PIPE 
As-bent condition 68950 | 85160 | 22.0 
67 840 | 85 260 21.5 


45 380 76 050 26.0 
56 940 78 760 25.0 


33 380 64 140 30.0 
35 990 67 420 30.0 


4-IN., 120 SCHEDULE PIPE 


10-1IN., 120 SCHEDULE PIPE 


62 150 78 300 22.0 
650 78 450 23.5 


5 300 80 090 
720 82 630 


5 050 65 060 
36 440 65 220 
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(b) Adjacent to inside diameter of pipe. 


Fic. 4. 


12-in., 160 Schedule Pipe, As-Bent 
Condition (X 100). 


the heated portion of the pipe.  Stiffen- 
ing of the pipe is accomplished by water 
quenching using a 2-in. diameter stream 
of water. (Quenching of the pipe to a 
black heat is sufficient to get requisite 
stiffening. 

Since the pipe is quenched to only a 
black heat and the mass of sand on the 
inside is at a temperature considerably 
above that of the outside of the pipe the 
imposed cooling conditions are not so 
severe as it would first appear. The 
heat treatment imposed upon hot bent 
pipe is essentially a medium- to high- 
temperature sub-critical quench followed 
immediately by drawing at a tempera- 
ture slightly above that to which the 
pipe was quenched. The cooling condi- 
tions at various points across the wall of 
a pipe during and after quenching is 
shown in Fig. 2. 

The microstructure of a 4-in., 120 
schedule pipe bend is shown in the as- 
bent condition in Fig. 3. This structure 
appeared essentially uniform from the 
outside to the inside diameter of the 
pipe at a magnification of 100 diameters. 
The average Brinell hardness across the 
wall of the pipe in the above condition, 
did vary however, from 166 to 248 
(inside to outside diameter) as shown in 
Table III. 

Observation at 1000 diameters mag- 
nification indicated this variation in 
hardness to be the result of an extremely 
small variation in transformation tem- 
perature of the carbon-rich austenite 
grains during quenching of the pipe bend. 

Considerable variation in microstruc: 
ture results however from the quenching 
of heavy-wall pipe as is shown in Fig. 4. 
The microstructure shown, was obtained 
from a specimen which was removed 
from a pseudo-bent, 123 in. in outside 
diameter by 1.312-in. wall pipe, the 
analysis of which is given in Table I. 
A 12-in. length of this pipe was packed 
with sand, heated to bending tempera 
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ture and water quenched to a black heat 
and then allowed to self-anneal from the 
heat of the sand. After slow cooling to 
room temperature as a result of self- 
contained heat, the sand was removed. 
The pipe was of such a length that bend- 
ing was not attempted. 

From Fig. 4(a) it may be seen that the 
quenching action was sufficiently drastic 
on the outside of the pipe, in conjunction 
with a coarse-grain structure resulting 
from the high bending temperature, to 
cause essentially all ferrite to precipitate 
in the cleavage planes of the austenite 


Ul 


dp 


(a) Normalized at 1750 F. 


5. 


rather than at 


the austenite grain 
boundaries. 


The water quenching of 
pipe with hot sand on the inside is in 
reality a gradient quenching operation. 
This being the case, the cooling rate at 
some point across the wall of the pipe 
should be such as to cause proeutectoid 
ferrite rejection at the austenite grain 
boundaries and thus reveal the austenite 
grain size. This was found to occur 
0.18 in. from the outside of the pipe. 
The austenite grain size prior to the 
quenching operation, is shown in Fig. 
tobe A.S.T.M. No. 2. The struc- 
ture of the pipe wall adjacent to the 
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sand is shown in Fig. 4(b) and may be 
seen to be that of a relatively high tem- 
perature normalize. (Note similarity 
between Figs. and 1(d).)  Ir- 
respective of microstructure variation, 
the hardness was found to vary only a 
small amount. The Brinell hardness 
varied uniformly from inside to outside 
diameter from 159 to 195. The as-bent 
pipe after normalizing at 1750 F. and 
annealing at 1750 F. was found to havea 
relatively uniform microstructure and 
hardness as shown in Fig. 5 and 
Table III. 


at 17501 


12-in., 160 Schedule Pipe, As-Bent Condition ( 100). 


The physical properties of the pseudo- 
bent pipe as obtained from 0.505-in. 
longitudinal tension specimens removed 
from the wall of the pipe both before and 
after heat treatment are also given in 
Table III. 

It is to be noted that the specimens 
pulled in the as-bent condition have a 
remarkably high yield and ultimate 
strength with relatively good ductility. 
The quenching of pipe during hot bend- 
ing is in reality a modification of the 
Austempering process, that is, rapidly 
quenching to a medium to high sub- 
critical temperature and allowing trans- 
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formation to take place at this, or slightly 
higher temperature. Davenport has 
pointed out that for a given tensile 
strength and hardness, the ductility 
properties of steel can be improved by 
the use of the Austempering method as 
compared with normal methods of heat 
treatment (5). 

All specimens, the results of which 
are given in Table III, failed with a “cup 
and cone” type of fracture. 

In Fig. 6 are shown specimens which 
were removed longitudinally from the 
12-in. pseudo-bent pipe, both before and 


(a) As-bent « ver cent 


ngation at1750F., 


lic. 6. 


after heat treatment, after bending to 
a The percentage out- 
side fiber elongation in 1 in. is also 
given in this figure. 

It is to be observed that the ductility 
of the specimen in the as-bent condition 
is surprisingly high. From Fig. 6 indi- 
cations that all three specimens 
could no doubt have been completely 
flattened without failure. 


radius. 


are 


U psetting: 

Upset pipe ends have been, and are 
still used for the dual purpose of pro- 
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(b) As-bent condition, plus normalized 
43.1 per cent elongation. 


-Longitudinal Bend Tests Taken from Wall of 12-in., 
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viding additional weld metal thickness at 
the pipe joint and also to provide for 
completely recessed backing ring, thys 
eliminating any possible restriction ty 
fluid flow. A completely recessed back. 
ing ring is always to be desired but the 
need for additional weld metal thickness 
over the nominal ;}5 to }-in. reinforce. 
ment is gradually being considered as 
unnecessary. 

In the production of an upset pipe 
end, the pipe end is placed in a furnace 
and heated to 1800 to 2100 F. The pipe 
is then clamped in a die which is recessed 


(c) As-bent condition, plus anneal 
at 1750 F., 44.9 per cent elongation 


160 Schedule Pipe (X 1). 


to allow for the thickening of the pip 
end. A second revolving die is thes 
placed within and against the end of the 
pipe, producing a combined inter 
rolling and upsetting operation. Tw 
heatings are usually required to cot 
plete an upset. The cooling conditios 
imposed upon the upset are only tho 
of the upsetting dies and the surrounditt 
air. Since the upset is usually finishe: 
at a red heat and then air cooled tht 
“microstructure of the upset is that 
Widmanstaetten carbide structure. I 
is to be observed from Fig. 7 that! 
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coarse-grained band exists in the transi- 
tion between the pipe and upset. This 
is more clearly seen from the accompany- 
ing microstructures of Fig. 7 

Figures 8 and 9 show respectively the 
effect of normalizing at 1750 F. and 
annealing at 1750 F. on both the macro- 
and microstructures of the upset end. 
It is to be observed from the macro- 
structures of both Figs. 8 and 9 that the 
coarse-grained transition zone appearing 
in Fig. 7 has been effectively removed by 
heat treatment. The accompanying 
microstructures of Figs. 8 and 9, how- 
ever, still indicate minor variations. 


properties were raised somewhat over 
those in the as-upset condition by nor. 
malizing at 1750 F. In the case of both 
the upset and hot-bent pipe, 30 per cent 
elongation in 2 in. was obtained, hoy. 
ever, only from the annealed specimens, 


THe Errect oF FINISHING 
TURE AND PERCENTAGE OF Hor 
REDUCTION ON THE GRAIN SIZE Anp 
CARBIDE STRUCTURE OF FORGED Cap. 
BON-MOLYBDENUM STEEL 
Forgings play an important part in 

steam power-plant piping by their use 

in forged and bored steam headers; and 


(a) Before fabrication. 


10. 


The physical properties of the upset 
pipe end in both the upset and _ heat- 
treated condition are given in Table 
Ill. Hardness readings were taken 
longitudinally along the pipe wall, transi- 
tion zone, and upset end, the indenta- 
tions from which may be seen in Figs. 
7 to9. The hardness was found to be 
relatively uniform for each condition 
of heat treatment. Tension specimens 
were machined from { in. thick pieces, 
having the same longitudinal cross-sec- 
tion as that of Fig. 7. All physical 


(b) After normalizing at 1700 F. 


Heterogeneity in 22} by 13} by 28}-in. Forging Block (X 100). 


fittings such as Y fittings, laterals, tees 
etc. In many cases, forging blocks 
they are received by the fabricator are 
structurally as well as chemically hetero 
geneous. The relative size of the forging 
block as compared with the original 
cross-sectional size of the ingot is be 
lieved in many instances to result is 
such structural heterogeneity since the 
blocks are of such a size that they do not 
get a sufficient amount of hot reductio® 
Fig. 10(a) illustrates the heterogeneots 
structure found in a 22} by 133 by 28%. 


in. fe 
Indic 
that 

forgir 
mach 
norm 
ture | 


founc 
Nos. 
Th 
and 
forgir 
An 8 
Fig, 
zones 
Serve 
three 


| 
\ ney 


“ks as 
or are 
etero- 
orging 
rigina’ 
is be: 
ult in 
ce the 
do not 
ction. 
eneous 
y 


EMERSON ON PIPING FOR HIGH-TEMPERATURE SERVICE 591 


in. forging block prior to fabrication. 
Indications are, from the microstructure, 
that the block had been reheated after 
forging to 1425 to 1475 F. After 
machining and boring, the fitting was 
normalized at 1700 F. The microstruc- 
ture after this final heat treatment was 


magnification of 75 diameters. It may 
be seen that the grain structure is much 
too coarse and heterogeneous to be 
normally considered acceptable for high- 
temperature service. If, however, it is 
necessary to use material of the cross- 
section indicated, a relatively uniform 


Macrostructure of 8 by 8-in. Billet (X 3). 


Doe Fic. 11. 
Etched in 20 per cent cold aqueous nitric acid. 


found to have an average grain size of 
Nos. 4 to 5 as shown in Fig. 10(0). 

The effect of finishing temperature 
and percentage of hot reduction on 
lorgings is illustrated in Figs. 11 to 14. 
An 8 by 8-in. billet section is shown in 
Fig. 11. As indicated, three distinct 
zones of varying grain size may be ob- 
served. The microstructure of these 
three zones are shown in Fig. 12 ata 


grain can be obtained by soaking at a 
uniform temperature of 1675 to 1725 F. 
The effect of forging two 8 by 8-in. sec- 
tions as shown in Fig. 11, to 3 by 3-in. 
sections is shown in Fig. 13. In order 
to effect such a reduction, one reheating 
was necessary. After reheating, one of 
the forgings was reduced to final size as 
rapidly as possible in order to obtain a 
relatively high finishing temperature. 
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Microstructure of 8 by 8-in. Billet of Fig. 


Etched in saturated picral. 
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The finishing temperature in this case 
was estimated at 1750 F. The other 
forging, however, was reduced to 3.5 by 
3.5 in. and then allowed to cool to the 


Center of forging. 


perature on the grain size, as shown by 
Fig. 13 was found to be quite noticeable 

The microstructure of the center and 
edge of the two forgings of Fig. 13, are 


Edge of forging. 


Forging finished at high temperature (grain size 4 to 6). 


Fic. 14.—-Microstructure of Forgings of Fig. 13. 
Etched in saturated picral. 


lowest temperature at which the operator 
could finish forging to 3 by 3 in. The 
temperature at which the forging was 
finished in this case was estimated at 
1500 F. The effect of the finishing tem- 


shown in Fig. 14. The estimated differ 
ence of 250 F. in the finishing tempeté 
ture produced an average difference i 
grain size of approximately two A.S.TM 
grain size numbers. Another 
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which was noted was the difference in is abnormal for a normalized structure. 
structure between the center and edge of | Though the center cools somewhat more 
the forgings. The edge microstructure — slowly than the outer edge, it is felt that 


— (b) Multiple-pass weld, horizontal pipe weld (X 1). (c) Multiple-pass weld, vertical 
pipe weld ). 


Fic. 15.—Macrostructure of Single-Bead and Multiple-Pass Welds. 
Etched in cold aqueous nitric acid. 


s typically Widmanstaetten; the micro- _ this change in microstructure occurs 
Structure of the center, however, has a abruptly at the edge of the ingot pattern 


dense sorbitic pearlite structure which which still persists in the 3 by 3-in. 
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(a) Weld metal of Fig. 15 (c) (XK 100). 
Grain size 9 to 10. Etched in 2 per cent nital. 


(b) Weld metal, line of fusion, ond heat-affected zone in surface bead of Fig. 15 (b) (X 100). 
Etched in 2 per cent nital 


(c) Heat-affected zone (alpha-gamma two-phase region) of weld of Fig. 15 (b) (X 100). — 
Etched in 2 per cent nital. 


Fic. 16.—Variation in Microstructures of Multiple-Pass Welds. 
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MICROSTRUCTURE AND PuysicaL 
PROPERTIES OF WELDED JOINTS 

Present-day practice in the fabrica- 

tion of carbon-molybdenum piping for 


high-temperature service appears to b 


forgings. There appears to be a similar- 
ity between the center microstructures 
and that of a fine-grain type of steel 


normalized at 1750 F. as shown in 


4 Original structure, normalized at 1750 F. Approx- 
imate cooling rate 1600 F. per hour. 


1250 F. 


1700 F. 


Fis. 17.—Effect of Increasing Heat-Treating Temperature on Microstructure (X 100). 4-in. 120 
Schedule Pipe. Etched in saturated picral. 


—— 

ape 
en 


~~ 598 EMERSON ON PIPING FOR HIGH-TEMPERATURE SERVICE 


as follows: After all hot working opera- 
tions such as swadging, upsetting, hot 
bending, etc., have been completed, the 
pipe is completely heat treated for grain 
size restoration. The pipe ends, after 
heat treatment, are beveled and fitted up 
for welding. Welding practice consists 
of preheating the joint to 350 to 500 F. 
and maintaining this temperature during 
welding, followed by a 1200 F. stress- 
relieving treatment. A temperature of 
1200 F. has no apparent change on the 
microstructure of either the weld metal or 
heat-affected zone of which the welded 
joint is comprised. Figure 15 illustrates 
the macrostructure of both a single-bead, 
and multiple-pass welds The single- 
bead weld indicates a variety of struc- 
tures to be present, including the as-cast 
columnar weld metal, the parent metal 
which was heated to a sufficiently high 
temperature to be fully austenitic, and a 
zone which was heated only to the tem- 
perature of the two-phase alpha-gamma 
region. The multiple-pass horizontal 
and vertical pipe welds also shown were 
removed from 8-in., 160 schedule pipe 
and are characteristic of those found in 
welded heavy-wall carbon-molybdenum 
pipe. Variations in microstructure of 
multiple-pass welds are shown in Fig. 
16. Each pass or bead of weld metal as 
deposited in multiple-pass welds is par- 
tially or completely refined by the heat 
from successive layers of weld metal 
applied, the last bead or layer deposited 
being the only one which is completely 
in the as-cast or as-deposited state. Re- 
fined weld metal is always exceedingly 
fine grained, it being doubtful that the 
grain size would ever exceed No. 7 and 
in most cases will be found to be much 
smaller. The weld metal of Fig. 15(c), 
the microstructure of which is shown in 
Fig. 16(a) has a grain size of Nos. 9 to 
10. The weld metal of the surface bead 
of the horizontal pipe weld of Fig. 15(6) 
and adjacent parent metal, is also shown 


in Fig. 16(6). The weld metal, though 
columnar has a Widmanstaetten carbide 
structure as does the adjacent parent 
metal. This type of structure is gen- 
erally considered acceptable for high- 
temperature service. The fine grain 
structure found in the weld metal, how- 
ever, if found in pipe would be considered 
unacceptable. A striking parallel may 
be seen to exist between Fig. 16(c) 
showing the two-phase region of the heat- 
affected zone of the multiple pass hori- 
zontal weld of Fig. 15(6) and specimens 
which were heated to 1400 to 1550 F, 
inclusive, the microstructures of which 
are shown in Fig. 17. This structure 
(Fig. 16(c)) with the present method of 
acceptance based on grain size, would be 
considered highly unsatisfactory. It is 


TABLE IV.—PHYSICAL PROPERTIES OF WELDED 
JOINTS IN CARBON-MOLYBDENUM PIPE AFTER 
STRESS RELIEVING. 


| Free Bend | 
| Ductility 
Elongation | _Brinell 
| in Outside | Hardness 
Fibers, per 

cent 


Reduced-Section Tensile 
Strength, psi. 


63000 to 67000 (failure in 
parent metal). 


40 to 55 140 to 155 


to be pointed out, however, that al 
microstructures of Fig. 16 do exist it 
welded carbon-molybdenum joints i 
the stress-relieved condition. 

As was previously mentioned, it i 
not the purpose of this paper to pass 
judgment on the possible significance of 
such existing conditions from the stané- 
point of creep rate, but merely to pois 
out that such conditions do exist. 

The room temperature physical prop 
erties obtainable from welded joints " 
heavy-wall carbon-molybdenum pipe " 
the preheated and stress-relieved condi: 
tion are given in Table IV. From 
Table IV it is to be observed that & 
cellent room temperature physical te! 
results are obtainable from welded car 


im 


| 
: 
12. 
( 
~ 
Fic. 1 


Ry 


1750 F. 
2 


ae 
2000 F. 
Fic. 18,—Fine-Grain Steel Exhibiting “Duplexing” at 1850 F., and Formation of Sorbitic Pearlite 
upon Normalizing from 1750 F. (X 100). 
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bon-molybdenum pipe in the stress- 
relieved condition. 


HEAT-TREATING TEMPERA- 
RATE, AND STEEL 
ON FINAL GRAIN 
STRUCTURE 


EFFECT OF 
TURE, COOLING 
MELTING PRACTICE 
SIZE AND CARBIDE 
Grain size and carbide structure are 

essentially dependent on heat-treating 

temperature, cooling rate, and steel melt- 


1600 F. per hr. This ring was then cut 
into 1-in. specimens and reheated to 
temperatures from 1250 to 2000 F, in 
steps of 75 F. followed by cooling at the 
above-mentioned rate. The material 
used was taken from 4-in. pipe, heat 
No. 2, Table I. 

It is to be observed from Fig. 17 that 
the microstructure resulting from the 
previous 1750 F. normalize, continues 


deg. Fahr. 


Sorbitic Pear lite 
LE quiaxed Grditts 
| 


Heat-Treating Temperature, 


Loo 


idmanstatten 
Carbide | 


Structures Produced 
on air Cooling 
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O(FiINE) 6 


Fic. 19. 


ing practice since improper control of 
any one of these factors may give rise to 
rejection of pipe for service conditions 
of 900 F. or higher. 

The effect of increasing heat-treating 
temperature on microstructure is illus- 
trated in Fig. 17, other conditions re- 
maining constant. A 1-in. wide 
of 4-in., 120 schedule pipe was heated 
to 1750 F. 


= 


+ 


5 3 
A.S.T.M. Grain Size 


Schematic Variation in Grain Size and Carbide Structure as a Function of the Heat-Treatint 
Temperature 


ring 


and cooled approximately 


1 (COARSE) 


Carbon-molybdenum steel A 206. 


Fine grai 38 T 
Coarse grain A 206 - 40 T. 


Fine grain A 206 


to exist through 1325 F. A continue 
change in microstructure occurs fro 
1400 through 1550 F., the temperatut 
range at which the steel undergoes tral 
formation. From 1625 to 2000 F,,# 

particular change occurs other than gral 
coarsening, except that as the grain sizt 
increases, the pearlite areas become le 
dense, 1700 F. and above exhibiting ¢ 
Widmanstaetten carbide structure. 
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Photomicrographs of specimens re- 
moved from a 10-in., 100 schedule 
pipe exhibiting fine-grain characteristics 
(A 206-38 T) are shown in Fig. 18. 
Air cooling (normalizing) this material 
from 1750 F., resulted in a No. 7 grain 
size with the carbide present as dense 
patches of sorbitic pearlite normally 
characteristic of a slow-cooled material. 
Definite duplexing tendencies were ob- 
served in this material when heated to 
1850 F. followed by both furnace and air 
cooling. The air-cooled specimens ex- 
hibited patches of both coarse-grained 
Widmanstaetten carbide and fine-grained 
ferrite and sorbitic pearlite. The slow- 
cooled specimens exhibit both coarse 
and fine grain size, essentially all carbide, 
however, being in the form of sorbitic 
pearlite. The structures, normalized 
and annealed from 2000 F., are equiva- 
lent to those normally obtained by 
respective cooling from 1700 to 1750 F. 
with A 206 - 40 T material. 

A coarse-grained material made 
in accordance with Specifications 
A 206-49 T will usually be found to 
coarsen gradually with increasing tem- 
perature, though in most cases the 
extent of the coarsening is slightly above 
1800 F. unless the time at temperature 
is unduly prolonged. A_ fine-grained 
material made in accordance with Speci- 
fications A 206 38 T will usually be 
found to remain fine up to 1800 to 
1875 F. at which range coarsening occurs 
in patches, as shown in Fig. 18. This 
condition is called duplexing. Further 
heating to 1925 to 2000 F. will normally 
result in coarsening of the entire struc- 
ture. Figure 18 illustrates the fact that 
4 normally fine-grain steel can be made 
tocoarsen by using excessively high heat- 
treating temperatures. From the cus- 
tomer’s standpoint, however, it is 
desirable to obtain the desired grain struc- 
lure at the lowest possible heat-treating 


temperature since oxidation (scaling) 
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may possibly encroach on the minimum 
wall thickness of the pipe when excessive 
heat-treating temperatures are used. 
The variation in grain size and carbide 
structure as a function of heat-treating 
temperature is shown schematically in 
Fig. 19, including the approximate 
spread in grain size for any one heat- 
treating temperature. 

Proper ferrite grain size and carbide 
structure, of which good creep properties 
in carbon-molybdenum steel appear to 
be dependent, for a given cooling rate 
are dependent to a large extent on the 
austenite grain size, which is in turn 
dependent on the maximum heat-treat- 
ing temperature. Maximum heat-treat- 
ing temperature and cooling rate to 
produce a given austenite grain size, 
and subsequent ferrite grain size and 
carbide structure, is to a very great 
extent dependent on the amount of alu- 
minum added to the steel. 


Take for example a carbon-molyb-— 


denum steel containing 3 lb. of aluminum 


per ton. Upon heating this steel to 
1700 to 1750 F. an austenitic grain size 


should be established which will normally | 


produce upon air cooling a No. 4 to No. 
6 Widmanstaetten carbide-ferrite grain 
size. Air cooling is sufficiently fast so 
that complete rejection of the ferrite to 
the austenite grain boundaries is im- 
possible while cooling through the trans- 
formation range of the steel, resulting 
in somewhat of an acicular (Widman- 
staetten) carbide grain structure (6). 

In contrast to this, a carbon-molyb- 
denum steel 
aluminum per 


ton, when 


containing 2.25 Ib. of 
heated to 


1700 to 1750 F. would establish a fine 


grain size of Nos. 7 to 8. 


Since 
austenitic grain size is small, the distance 
from center to edge of the austenitic 
grain is also small and for the same 
cooling rate as in the previous example, — 
sufficient time elapses for essentially 
complete rejection of the proeutectoid— 
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ferrite since it has a lesser distance to cycle. The effect of a - — Fig. 
travel to the austenitic grain boundary, structure is further re ae pon 
with the result of a sorbitic pearlite comparison of Aegis. met 
and an equiaxed grain structure. Thus _ in Fig. 20. I'wo of the steels, the micro- 172. 
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4-in., 120 schedule pipe A 206-40 T. 


10-in., 100 schedule pipe A 206 - 38 T 


1G. 20. Production Heat Treatment, 1700-1725 Normalized (X 100). 
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Fig. 20 were obtained from pipe cou- 
pons placed in a production heat treat- 
ment of pipe and normalized at 1700 to 
1725 F. It is to be observed that a 
variation in density of the pearlite (or 
carbide) exists between the two struc- 
tures exhibiting the Widmanstaetten 
pattern. This is due to a difference in 
cooling rate resulting from a difference 
in pipe wall thickness. 


SUMMARY 


The present method of acceptance of 
carbon-molybdenum piping for high- 
temperature service is based on metallo- 
graphic examination for grain size and 
structure. 

Though there appears to be general 
agreement as to the proper grain size 
for increased creep strength, there also 
appears to be disagreement as to the 
rate of cooling of pipe from the heat- 
treating temperature. 

On the basis of both metallographic 
and hardness examinations, carbon- 
molybdenum steel has a relatively rapid 
transformation rate. 

Water quenching during hot bending 
produced an increase in both the yield 
and tensile strengths of this material 
with little loss in ductility. Good 
ductility is insured because of slow cool- 
ing from 1000 to 800 F. to room tem- 
perature resulting from the contained 
heat of the sand within the pipe. 

An increase in both yield and tensile 
strengths with good ductility also re- 
sulted from hot working during the 
upsetting of pipe ends. 

Change in microstructure and physical 
properties of pipe resulting from hot 
labrication is from all indications com- 
pleteiy restored after heat treating for 
proper grain size. 

Increasing amounts of hot reduction 
by forging, in carbon-molybdenum steel 
remarkably improves any existing struc- 
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tural heterogeneity. The temperature 
at which the forging operation is dis- 
continued determines its grain size. 
Carbon-molybdenum forgings exhibiting 
structural heterogeneity, but which be- 
cause of their dimensions cannot be 
further hot worked, can be greatly im- 
proved by a thorough soak at the 
requisite heat-treating temperature and 
air cooled from that temperature. 

Heat treating to establish the proper 
grain size is done prior to welding. The 
heat from the welding arc results in a 
narrow band on either side of the weld, 
to be heated into and through the 
transformation range of the heat-treated 
pipe. The microstructure of both the 
heat-affected zone of the weld and the 
deposited weld metal would be con- 
sidered as unsatisfactory if found in the 
pipe proper. The questions are asked: 
“What are the creep characteristics of 
the heat-affected zone of a weld made on 
carbon-molybdenum steel? How does 
the fact that fine-grained weld metal has 
been found to have relatively good creep 
properties fit into the picture of the 
necessity of a medium coarse grain with 
a Widmanstaetten carbide for good creep 
properties?” 

Aluminum additions to carbon-molyb- 
denum steel are believed to indirectly 
affect the creep properties of this mate- 
rial by influencing the austenitic grain 
size, which in turn influences the ferrite 
grain size and carbide structure for a 


given heat-treating cycle. 
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DISCUSSION 


Mr. SaBin Crocker! (presented in 
wrilten form).--Mr. Emerson’s paper is 
of particular value in that it adds to the 
available fund of information about 
this relatively new product for which a 
background of factual data, metallo- 
graphic appearance, and performance 
should be built up as rapidly as possible. 
It is decidedly helpful to the users of 
carbon-molybdenum pipe to have refer- 
ences available which serve to identify 
grain size and structure with heat treat- 
ment for specimens of this type of steel 
which have been made by different melt- 
ing practices or heat treated in different 
ways, either intentionally, or incidentally 
during fabrication. Also it is helpful to 
have data on the characteristics of 
forged material and of welds in carbon- 
molybdenum pipe. 

It is gratifying to note that many of 
the author’s findings tend to confirm 
and better establish the identification of 
certain types of grain size and structure 
in carbon-molybdenum pipe steel with 
respective melting practices and heat 
treatments as noted in the paper by 
White and Crocker presented before The 
American Society of Mechanical En- 
gineers last December.2. While Mr. 
Emerson’s results do not embrace the 
behavior of specimens under conditions 
of high-temperature service, this associ- 
ation of metallographic appearance with 
case history of the steel is useful in that 
the structural characteristics of the 


sfains serve as thumbprint patterns 


Edi Senior Engineer, Engineering Division, The Detroit 
Co., Detroit, Mich. 
aie E. White and Sabin Crocker, “Effect of Grain Size 
ont arbon-Molybdenum Steel Pipe,’”’ Trans- 
em, Am. Soc. Mechanical Engrs., V : 
November, inst, p09. al Engrs., Vol. 63, No. 8, 
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linking the antecedents of a given steel 
with the behavior to be expected of it 
in service. Thus, where the antece- 
dents of some lot of pipe are unknown, 
a way is provided for estimating prob- 
able behavior from the appearance of 
the microstructure. 

It is reassuring to learn through the 
photomicrographs of Figs. 1 to 5 of the — 
paper that the grain structure of pipe 
which was quenched during the process 
of-fabrication can be restored to a satis- 
factory condition through subsequent 
heat treatment. This tends to confirm 
results shown in Figs. 11, 12, and 17 of 
the White and Crocker paper. 

Mr. Emerson asks the following ques- 
tions concerning the weld structure 
shown in his Figs. 15 and 16: (a) “What 
are the creep characteristics of the heat- 
affected zone of a weld made on carbon- 
molybdenum steel?” and (b) “How does 
the fact that fine-grained weld metal 
has been found to have relatively good 
creep properties fit into the picture of the 
necessity of a medium coarse grain with 
a Widmanstaetten carbide for good 
creep properties?” 

With reference to (a), while the 
writer’s company has not made creep 
tests from specimens taken across the 
weld and through the heat-affected zone 
for carbon-molybdenum pipe, it might 
be of interest to mention that the 
Detroit Edison Co. did make such tests 
several years ago when we first took up 
welding carbon steel pipe for high- 
pressure service. The results were so 
satisfactory that we have not been much 
concerned on this score since and did 
not undertake to investigate this point 
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for carbon-molybdenum pipe. Further- 
more, across the weld specimens are 
neither “fish, flesh nor fowl” and we are 
not disposed to set much store by them 
anyway. We did think it worth while, 
however, to investigate one specimen of 
“all-weld” metal from a joint in carbon- 
molybdenum pipe as reported on pages 
8 and 9 of the White and Crocker paper.’ 
Despite the fine grain of the “all-weld” 
specimen, it had surprisingly good creep 
strength at 925 F. and excellent physical 
properties at room temperature. 

With reference to (6) it would seem 
that: 

1. In the case of circumferential welds, 
a lower creep strength can be tolerated 
than in the pipe proper because of the 
support offered by the adjacent higher 
strength pipe sections. As far as cir- 
cumferential or diametral increase is 
concerned, a weld of only half pipe 
thickness would not begin to creep as 
much as the same reduced thickness in 
along tube. This point may be verified 
by examining the tubular creep test data 
presented in the Van Duzer-McCutchan 
paper... The thin-walled tube adjacent 
to the heavier end sections was restrained 
from bulging by the adjoining pipe. 
This effect gradually decreased with 
distance from the ends until at 3 in. no 
restraint was evident. 

2. The total combined longitudinal 
stress due to bending and longitudinal 
pressure can be limited at welded 
joints. Our practice is to limit this 
stress to 12,000 psi. at welded joints as 
compared with 15,000 psi. allowed in 
straight pipe or bends remote from 
joints. 

Mr. Emerson’s Fig. 17 showing effect 
of increasing heat-treating temperature 
on microstructure serves to show dif- 
ferences produced Fahr. 


by 75 deg. 


Van Duzer, Jr., and Arthur McCutchan, “High- 
Pemperature-Steam Experience at Detroit,” Transactions, 
Am. Soc. Mechanical Engrs., July, 1939, Vol. 61, No. 5, p. 
383. 


steps in normalizing temperature. The 
change in grain size and appearance of 
microstructure between steps is 
nounced, particularly around the critical 
temperature, and points the need for 
careful control of furnace temperature if 
consistent results are to be obtained 
commercially. 

Some similar work presented in Figs, 
33 to 40 inclusive of the closure to the 
White and Crocker paper? may be of 
interest in confirming the effect of steps 
in the heat-treating temperature. In 
this case also several specimens from the 
same piece of pipe were heat treated in 
different ways and at successively higher 
temperatures in order to investigate the 
variation in impact strength as well as 
in grain size and structure. As can be 
seen on reference to that paper, the 
photomicrographs correspond closely to 
the respective treatments shown in Mr. 
Emerson’s Fig. 17. Since no impact 
values are furnished in_ the present 
paper it may be of interest to repeat the 
following results from the White and 
Crocker closure: 

RESULTS OF IMPACT TESTS 
12-IN. SCHEDULE 100 CARBON- 
MOLYBDENUM PIPE 268, HEAT 5085 
Impact Strengt 
ft-lb? 
Specimen Condition of Specimens 


Longi- | Trans- 
tudinal | verse 


No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 


As received® 
Drawn at 1200 F. 
Annealed at 1650 F. 
Normalized at 1600 F. 
Normalized at 165€ F. 
Normalized at 1700 F. 
Normalized at 1800 F. 
Normalized at 1650 F. and 
drawn at 1200 F. 


“ According to Section 4(a) of the Tentative Specii@ 
tions for Seamless Carbon-Molybdenum Alloy-Steel Pip 
for Service at Temperatures from 750 to 1000 F. (A2% 
10 T), 1940 Supplement to Book of A.S.T.M. Standards 
Part I, p. 252. 

6 Average of 3 tests —Standard A.S.T.M. ¢ harpy 
notch specimens. 


It should be mentioned that the it 
pact strength of this particular piece ol 
pipe was somewhat below par in the 
“as received” condition, so that ™ 
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effect of favorable heat treatment was of the probable behavior of the material 
distinctly marked. From rather limited in service can be deduced from its 
observation the usual impact strength impact strength. Some people contend 
in the “as received” condition of carbon- that the property determined with the 
molybdenum pipe made by the melting standard A.S.T.M. V-notch should be 
practice conducive to grain coarsening termed “notch toughness” rather than 
at 1700 F. seems to be of the order of “impact strength,” and question what 
*) to 40 ft-lb. The likelihood of an _ significance ‘notch toughness” has where 
occasional piece having an impact there is no such notch in the pipe as 
strength of only 10 to 12 ft-lb. points to actually used. The writer appreciates 
the possible desirability of normalizing that these remarks about impact 
some straight pieces as well as bends. strength are outside the scope of Mr. 
With the exception of one heat of steel Emerson’s paper, but nevertheless offers 
it has been found possible in the pipe so them in the hope that they may stimu- 
far examined to secure satisfactory im- late further thought along these lines. 
pact properties by a simple normalize. Mr. R. W. Emerson’ (author’s closure, 

It might be added that the significance by /etter).—Mr. Crocker’s discussion is 
of impact values for pipe steel is a a valuable contribution to the author’s 
debatable question because no one findings. With respect to the dis- 
seems prepared to say what value of cussion on impact properties, it is felt 
impact strength should be expected for — that, in view of the rather wide variation 
any particular steel or type of notch. in impact strength obtained by variation 
Some persons prefer the A.S.T.M. stand-in heat treatment found and reported in 
ard V-notch, while others, including the both the White and Crocker paper? 


pipe mill men, are inclined to use the and the Weaver paper,’ this property in 
keyhole notch or a simplified version carbon-molybdenum steel should cer- 
thereof. Results from different vari- tainly not be overlooked and further 
eties of notches do not agree too closely, information on this subject would be 
and sometimes the effect of small flaws highly beneficial. 

in the coupons or of errors in machining —— 

the notches will upset the results. But ‘ Metallurgist, Pittsburgh Piping and Equipment Co., — 


aside from these points, the question has °S.H. Weaver, “The Effect of Carbide Spheroidization 


the Creep Strength of Carbon-Molybdenum Steel,” 
been raised as to what actual indication tee 
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THE EFFECT OF CARBIDE SPHEROIDIZATION UPON THE CREEp 
STRENGTH OF CARBON-MOLYBDENUM STEEL ' 


By S. H. WEAVER! 


Design stresses and the service life of high-temperature eiiiiaens in 
affected by the progressive changes in the properties of a steel maintained 
at constant stress and temperature. Creep test data were obtained from a 
plate of carbon-molybdenum steel in twelve different conditions according 
to heat treatment and carbide spheroidization. Each condition of the steel 
was run in two independent long-time creep tests, one at 900 F. and one at 1000 
F. and the creep strengths with the resulting physical properties are reported. 
Data on the time for carbide spheroidization are discussed and tentative 
conclusions upon the changing properties of the steel during the service life 
are presented. The strength at 1000 F. is near a practical limit in design 
stress for in two years service the creep stress has decreased to 50 per cent 
and in twenty years service to as low as 23 per cent of the initial creep stress. 
There is a tendency for all of the conditions of the steel to approach an equal 
stable value. 


SYNOPSIS 


rhe object of the creep tests presented 
FINE GRAIN 


in this paper was to determine the C- coarse Grain 

service life of high-temperature ap- 
ar articruils > inec = INITIAL CONDITION-NOT AGED 
paratus, particularly steam turbines. 
Operating temperatures are gradually M- SPHEROIDS FULLY MASSED 
being increased and are now approach- CREEP TEST 
j j DEGFAHR, ITEM 
ing values which produce slow changes {so a 
in the properties of the steel during the ot = 
service life of equipment. The engineer S {1200 8 

must know and provide in the initial m {208 966 
desig se change rties. 900 
lesign for these changed properties {3 


1000 


The spheroidization of the carbides in s {22 
steel produces a weakening effect during m {228 


1000 
the service life of equipment for use at poy tenn 


OF STEEL 900 
higher temperatures. At present the 1 {1088 
spheroidizing effect on different steels {i000 
produced by temperature without stress M {i300 
is known. But before final interpreta- {398 


tion of creep results in terms of service | S fe 


_ Fic. 1.—Plan for Creep Tests. 


_.! Turbine Engineering Dept., General Electric Co., 
Schenectady, N. Y. 
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life can be made it will be necessary to Each group is composed of fine grain 
determine the combined effect of tem- (F) and coarse grain (C) steel, normalized 
perature and stress. This will require (NV) and annealed (A) as shown in Fig. 1. 
several years of continued research. ‘The four groups of the steel were given 
In the meantime, the creep strength preliminary tests for time to spheroidize 
data obtained upon spheroidized steels at temperature without stress. Each 


TABLE I. HEAT TREATMENT, PHYSICAL PROPERTIES AND RESULT OF CREEP TESTS AT 900 F. 


Physical Properties Before and After Creep 


"he Creep Stress for 
: harpy Various Rates per 
Impact, 100,000 | i 
Keyhole 0,000 hr., psi. 
Notch, 

ft-lb. 


b 


per 


Heat Treatment 
(All Specimens Drawn 1200 F. 


10% % 


27 090 099 509 14(a) 


910 | 1560 F. 55 | Before | 63 200 37 009 \36. 5. 3 
After 63 509 35 200 35. 5 70.5 9290, 6600) 14(a) 


Spheroidized at 1292 F., hr. 
Scale 


Elastic Limit, psi. 
Rockwell Hardness, 


perature 


| Reduction of Area, per 
cent 


Elongation in 2 in., 


Room Tem- 


909 ( aw Before | 68100 39000 
After 70 609 | 46 809 ; 


ww 
aw 


962 50% Before | 57 700 26.000 .559.4 55.0 4 4 
After 56 100 30.200 37. 0 10000 8 109) 6400) 14(a) 


905 ‘ Before | 67 100 | 35 000 34.5 58.0 5 
After 65 409 | 37 409 37.1,59.0 72.0 .1.16099 14100 12500) 14(b) 


906 \1560 F.— 8 Before | 63 709 | 35 090 36. 0 6 
{ hr.—F.C. After 60 600 | 36 509 969.0 5, 1.12709 10290) 8000) 14(b) 


901 Before | 60 209 26.009 33.5.62.2/00.1 8.5 7 
After 59 600 | 29 509 3. 1.10609) 8809) 7090) 1446) 


aw Before | 70909 41 COO 5 63. 8 
After | 79.090 | 31.400 32.9)56.7/84.: 130.090 24 300 19 760) 14(e) 
912 1750 F. 5: Before | 67 200 43.000 33. : 9 
hr.—A.C. After | 63400 37 400 39.3,68.9 72. 21.0690 16 500 13000) 14(c) 


904 1500 | Before | 56909 23 000 36.058.9.59.5 10 
After 58100 31 200 40.758. 5 8800) 7209) § 900) 14(c) 
907 Draw. Before 63 600 32 C00 34.0 56.9 11 

only After 65 500 29 100 .8 55.6 72.0 % 16609 13 8600) 11600 14fd) 
908 F.—8 | 180 Before | 61900 26000 35.0 60.8 .5- 12 
hr.—F.C. 


CAM | 963 


1500 Before 60400 | 26.000 35.0 59.4 64.0 13 
After 57100 30 200 36.4 61.7 6 19.5 12000, 409 6400 Wid) 


| After 62 400 | 28 100 34.9 60.4 68.0 2. 0 14609 10090 7 250 14d) 
( 


«f= Fine Grain Size. C = Coarse Grain Size. N = Normalized. A = Annealed. J = Initial, Not Aged. S = 
pheroidized. M = Massed Cementite. 


’ Heat Treatment: F.C. = Furnace Cooled. A.C. = Air Cooled. 


is of sufficient importance to justify group was then further subdivided into 
tentative conclusions. ieee three conditions of carbide spheroidiza- 
tion as shown in Fig. 1. Two sets ot 
steel thus subdivided into twelve dif- 

A stock of carbon-molybdenum steel ferent conditions were then tested in 
from one heat was first divided according long-time creep, one set at 900 F. and 
to heat treatments into four groups. the other at 1000 F. 


PLAN or TESTS 


EP 
‘ 
: | 
: 
CN, 
CAI 
,t 
CA: 
‘ 
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MATERIAL bars were divided into four groups of 
The material used in this investigation 'W° bars each. hese four Sroups were 
is a weldable } per cent molybdenum heat treated as shown in Fig. 1 and Table 
steel (heat 57,328) with the chemical I to the base conditions /N/, FAI, 
composition 0.17 per cent carbon, 0.42 CNJ and CAI. Each bar was sawed 
per cent molybdenum, 0.88 per cent into six bars § by 1 by 36 in. making 
TABLE Il. HEAT TREATMENT, PHYSICAL PROPERTIES AND RESULT OF CREEP TESTS AT 1000 F, 


Physical Properties Before and After Creep 


Creep Stress for 
Various Rates per 
100,000 hr., psi. 


| : Charpy 
Impact, 
Keyhole 
Notch, 
ft-lb. 


> 


per 


~ 


Heat Treatment 


All Specimens Drawn 1200 F. 


Spheroidized at 1292 F., hr. 


perature 


| Reduction of Area, per 
Scale 


Tensile Strength, psi. 
Elastic Limit, psi. 
Elongation, in 2 in 


Room Tem- 


| Rockwell Hardness “B 


Before | 68 100) 39 O90 
After 69 509 | 45 609 5.1, 200090} 7 200 


Before 200 | 37 090 } 25. 
After 509 | 33 200 22.8) 30.8) 6900} 3609 


Before | £7 700 | 26.000 9. 
After | 56.109 | 32 300 3.4 4500] 2709 14(a) 


Before | 67 100 | 35 O90 |34.5)58. 5 
After | 67 090 | 36 400 | 35, -9160.9 5 .5| 17 500] 7 6C6 14,5) 


Before | 63709 | 35 009 |36.¢ 6 
After 59 500 | 35 300 |37.8|65.5166.. : 6) 6309} 3400 14(b) 


tefore | 60 200 | 26 000 33.5) 8.5 
After 59 200 | 31 200 5. 4760) 3100 


Sefore | 70.909 | 41 009 
After 67 600 35 399 |38.$/61.6/76.5 -0} 30.8) 22 O00 | 11 000 


Before | 67 200 43 000 |33. R 37. 

After 58 600 19 500 | 37-8 .0| 31.7) 6 609} 6400 

Before | 56.909 | 23 000 |26.0)58. 

After | 56.600 | 31 200 |37.8/61.5 18.8} 4500] 2500 
| 


Before | 63 600 | 32 COO |34.0/56. 
y | After | 66 600 27 000 }32.5/55.6 14 200 | 10 809 


Before | 61 909 | 26 009 |35, 


After | 62 400 | 27 000 2.6) 35.3] 6400] 4350] 2100 


CAM Before | 60 400 | 26 000 135.0): by 
| After | 69.600 | 31 200 19.5| 4909} 2900] 1650 


4 F = Fine Grain Size. C = Coarse Grain Size. N = Normalized. A = Annealed. J = Initial, Not Azed 
Spheroidized. M = Massed Cementite. 


’ Heat Treatment: F.C. = Furnace Cooled. A.C. = Air Cooled. 


manganese, 0.20 per cent silicon, 0.016 twelve bars per base group. In each 
per cent aluminum, and 0.007 per cent 
Al,O;. It is from a commercial heat of 
open-hearth, aluminum-killed steel rolled and fouf 
into a 4 in. thick plate. After prelimi- spheroidized to condition 5; and ® 


group four bars were retained in the 
initial condition /; four bars wet 


nary heat treatment and spheroidizing bars to condition M. From this stoc 
tests, eight bars 2} by 4 by 36 in. were specimens were prepared for creep and 


machined from the plate. These eight other tests. : 


Key | 
ime 
| 
: | 10% 1%, OMY 
=|. 
| 0 2500! : 
| 
FNS 89%) 1569 
| 
hr.—F.C. 
FAM 1 | 7 
} 2.050} 1416 
896 | D | 8 
| 3800 | 14(c 
CNS 900.1750 4 
hr.— A.C. 245€ | 
CNM | 1 10 
1100) 
| 903 (1D 
‘ 3 500} 144d) 
af id 
4 Fic, 2. 
FN] 
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Before creep test (100). OO Before creep test (x1 500) 


After creep at 900 F. (1500). After creep at 1000 F. (1500), 
Fic. 2.—Microstructure of Fine Grained, Normalized Carbon-Molybdenum Steel in Initial Tempered 
Condition. 
FNT in Tables I and II and Fig. 14. Creep strength (10-7 rate) 20,000 and 7200 psi. at 900 and 1000 F., respectively. — 
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rays 


\ 


34 
4 


£ 


After creep at 900 F. (1500). After creep at 1000 F. (1500 


Fic. 3.—Like Fig. 2 Except Spheroidized 55 hr. at 1292 F. 
FNS in Tables I and II and Fig. 14. Creep strength (10-7 rate) 9200 and 3600 psi. at 900 and 1009 F., respectively. 


creep test (X10). 
FN 


' WEAVER ON EFFECT OF SPHEROIDIZATION ON CREEP OF STEEL 


_ Before creep test (100). Before creep test (X1500). 


| 


After creep at 900 F. (1500). After creep at 1000 F. (1500). 
Fic. 4.—Like Fig. 2 Except Spheroidized 1500 hr. at 1292 F. 


FNM in Tables I and II and Fig. 14. Creep strength (10 7 rate) 8100 and 2700 psi. at 900 and 1000 F., respectively. 


wwe, 
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Before creep test (100). Before creep test (1500). 


| 


After creep at 900 F. (1500). After creep at 1000 F. (1509). 
‘1G. 5. Microstructure of Fine Grained, Annealed Carbon-Molybdenum Steel in Initial Condition. 
FAT in Tables | and IL and Fig. 14. Creep strength (10-7 rate) 14,100 and 7600 psi. at 900 and 1000 F., respectively 


| 


4 + 
After creep at 900 F. (1500). After creep at 1000 F. (1500). 
Fic. 6.—Like Fig. 5 Except Spheroidized 180 hr. at 1292 F. 


FAS in Tables I and II and Fig. 14 Creep strength (10 7 rate) 10,200 and 3400 psi. at 900 and 1000 F., respectively ° 
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t 
Before creep test (100). Before creep test (1500). 
ditior 
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Before creep test (100). — Before creep test (X1500). 


"A 


. 


. 


After creep at 900 F. (1500), After creep at 1000 F. (1500). 


ric, 7.—Like Fig. 5 Except Spheroidized 1500 hr. at 1292 F. 
FAM in Tables Land If and Fig. 14. Creep strength (10-7 rate) 8800 and 3100 psi. at 900 and 1000 F., respectively 


| 
C) 


After creep at 900 F. (1500). After creep at 1000 F. (1500). 


8.—Microstructure of Coarse Grained, Normalized Carbon-Molybdenum Steel in Initial 
Tempered Condition. 
CN/ in Tables I and II and Fig. 14. Creep strength (10 7 rate) 24,300 and 11,000 psi. at 900 and 1000 F., respectively. 


ectively: 


= ON EFFECT OF SPHEROIDIZATION ON CREEP OF STEEL 
Before creep test (X100). Before creep test (1500) 
4 RX 43) 
bl of 
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Before creep test (100) Before creep test (1500). 


on 


After creep at 900 F. (1509). After creep at 1000 F. (1509). 


Fic. 9.—Like Fig. 8 Except Spheroidized 55 hr. at 1292 F. 
CNS in Tables Land ILand Fig. 14. Creep strength (10 7 rate) 16,509 and 6400 psi. at 900 and 1000 F., respectively. 


| 
CN 
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Before creep test (100). Before creep test (1500). 


After creep at 900 F. (1500). After creep at 1000 F. (1500). 
Fic. 10.—Like Fig. 8 Except Spheroidized 1500 hr. at 1292 F. 


CNM in Tables I and II and Fig. 14. Creep strength (10 7 rate) 7200 and 2500 psi. at 900 and 1000 F., respectively. 


yectively: 
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Before creep test (100). 


After creep at 900 F. (1500). After creep at 1000 F. (1500). 


Fic. 11.—Microstructure of Coarse Grained, Annealed Carbon-Molybdenum Steel in Initial 
Condition. 
CAT in Tables Land II and Fig. 14. Creep strength (1077 rate) 13,800 and 10,800 psi. at 900 and 1000 F., respectively. 


iwe 


Before creep test (1500). 
al 
/ Ait < ’ ‘ 
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Before creep test (100). 


ys 


After creep at 900 F. (1500). After creep at 1000 F. (1500). 
tial Fic. 12.—Like Fig. 11 Except Spheroidized 180 hr. at 1292 F. 
sh CAS in Tables I and II and Fig. 14. Creep strength (10 7 rate) 10,000 and 4350 psi. at 900 and 1000 F., respectively. 
pectively: 


ON CREEP OF STEEL “eat 
Before creep test (1500). 
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~ £ of, "we { 
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_ Before creep test (100). Before creep test (1500). 


After creep at 900 F. (1500). 
Fic. 13.—Like Fig. 11 Except Spheroidized 1500 hr. at 1292 F. 
CAM in Tables I and UL and Fig. 14. Creep strength (10-7 rate) 8400 and 2900 psi. at 900 and 1000 F., respect 
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Preliminary heat treatments for 8 hr. 
at 1560 I’. gave a No. 7 to No. 8 uniform 
grain size, treatment at 1650 and 1700 F. 
resulted in a duplex or mixed grain size, 
while at 1740 F. annealing gave a No. 4 
and normalizing a No. 2 uniform grain 
size as shown in Figs. 2, 5, 8, and 11, 
respectively. This steel has a narrow 
grain coarsening temperature range that 
is caused by a grain growth inhibitor 
introduced during the deoxidization 
process. A heat treatment within this 
grain coarsening temperature range re- 
sults in a mixed grain size which is ob- 
jectionable in steels for high-temperature 
service; and the mixed grains, once 
established, tend to persist through sub- 
sequent heat treatments. The grain 
referred to is that which actually exists 
in the steel structure during the test and 
the service life of the material. It is 
termed “structural grain size” in A.S.T.M. 
Tentative Specifications for Seam- 
less Carbon-Molybdenum Alloy-Steel 
Pipe for Service at Temperatures from 
750 to 1000 F. (A 206 — 40T)? and “refers 
to the predominant grain as evidenced 
by ferrite grains, Widmanstaetten areas, 
or pearlite patches,” using the A.S.T.M. 
Tentative Classification of Austenite 
Grain Size in Steels (E19 — 39 T),* as 
the unit of measurement. 


CARBIDE SPHEROIDIZATION 


The spheroidization of carbides in 
relation to time and service life pre- 
sented a problem. Some investigators 
have used an arbitrarily chosen photo- 
micrograph as a standard for the degree 
of spheroidization; so that when a new 
photomicrograph is taken as standard 
the data are not comparable. A solu- 
tion of the problem was suggested in 
an unpublished thesis submitted to the 
University of Michigan by J. H. Taylor, 


246 . 
Part I’ Supplement to Book of A.S.T.M. Standards, 


*1939 Book of A.S.T.M. Standards, Part I, p. 1175. 
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on “A Study of Spheroidization in 
Steels at Temperatures Below the Criti- 
cal Range,” dated August, 1934. This 
report defines a definite end standard of 
measurement for full spheroidization 
which can be duplicated in tests by other 
laboratories. 

Condition J in Fig. 1 is the initial 
condition of the steel without aging or 
spheroidizing treatment. Condition S$ 
is with the cementite fully spheroidized. 
It is obtained first from the annealed 
steel as FAT (1500) (Fig. 5) holding 
at temperature 1292 F. without stress, 
and examining the microstructure at 
different periods of time. The number 
of hours at which the last trace of 
lamellae formation is no longer discern- 
able is considered the end standard for 
full spheroidization (FAS (1500) in 
lig. 6). Similarly, the same steel in 
the normalized condition as FNI (X 
1500) (Fig. 2) is said to be fully sphe- 
roidized when the spheroids as FNS 
(1500) (Fig. 3) are of the same size 
as those obtained in the annealed stand- 
ard described above. The same process 
was sepeated for the coarse grained 
steels. Taylor proved on different car- 
bon steels with various annealing tem- 
peratures that this standard is inde- 
pendent of lamellar spacing. ‘Taylor’s 
time ratio of annealed to normalized 
conditions, 80 to 25 for 0.13 carbon steel, 
is practically the same as that found 
here, 180 to 55 for the carbon-molyb- 
denum steel. 

For condition M with the massed 
spheroids there was no previous guide 
so it was proposed to continue the 
spheroidizing time until the spheroids 
were fully coalesced leaving the ferrite 
matrix clear. This condition was ob- 
tained only for /NM steel as shown in 
Fig. 4 at 1500 hr. and 1292 F. At the 
magnification used in these photomicro- 
graphs the spheroids and masses of 
cementite have definite boundaries while 
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the more stable intermetallic compound, 
shown by E. R. Parker’ to be Fe;Moz, 
precipitates slowly into fine particles 
without sharp boundaries. Figures 7, 
10 and 13 still contain large spheroids 
within the matrix of the grains. It was 
assumed that the 1500 hr. would be 
equivalent to a reasonably long service 
life and was therefore used in the tests. 
SERVICE LIFE 

The relationship between spheroidiz- 
ing time and operating temperature of 
the apparatus is necessary to estimate 
the service life of the steel. Data are 
not sufficient to formulate a_ time- 
temperature relationship for the massed 
spheroids M. The fully spheroidized 
condition S follows the Langmuir-Dush- 
man exponential equation for diffusion 
in solids, 


where 1 time, 

T the absolute temperature, 

the Naperian base, 
A = the test constant for com- 
_ position and condition of 
the steel, and 
a constant for 

steels. 

The average value of 6 calculated from 
thirteen tests made by ‘Taylor was 
45,000; the largest value being 46,260 
and the smallest 44,280, when T is in 
degrees Absolute Fahrenheit. Seven of 
the tests were made on differently alloyed 
steels up to 5 per cent chromium, three 
tests were made on each of low, medium, 
and high-carbon steels, and three tests 
covering different conditions were made 
on the same low-carbon steel. Graphs 
of the reciprocal of absolute temperature 
against logarithm of time showed a 


pearlitic 


‘ E. R. Parker, “The Development of Alloys for Use 
at High Temperatures Above 1000 F.,” Transactions, 


Am. Soc. Metals., Vol. XXXVIII, No. 4, December, 
1940, pp. 797-810. 
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straight line both for the formula and 
for the spheroidizing tests. Tests ranged 
from 1300 F. to 1100 F. and an extra. 
polation of the straight line to 1000 F. 
and 900 F. creep temperatures is con- 
sidered permissible from the standpoint 
of service operating hours. 

It is the difference between testing and 
operating conditions which is the un- 
known quantity. The presence of a 
working stress should hasten atomi 
movements, increase the rate of sphe- 
roidization and_ influence recrystalliza- 
tion. Such tests are in progress, on 
tapered test specimens under stress, 
and will require several years for com- 
pletion. Two tests made by Taylor on 
carbon steel under stress, indicate a pos- 
sible reduction to two thirds of the time 
that is required for full spheroidization 
without stress. This leads to an ap- 
proximation that, for the same tempera- 


ture, 100,000 hr. of spheroidizing time 


is equivalent to eight instead of eleven 
years of service time. 


CREEP TESTS 


Creep tests were made on each of the 
twelve conditions in Fig. 1 at 900 F. and 
upon duplicate bars at 1000 F. The 
tests were made by the step down stress 


method with the total elastic plus 
plastic extension limited to 0.002 in. per 
inch. During the last stage of the test, 4 
constant stress is held for 500 to 100) 
hr. to obtain a definite creep rate belov 
1 per cent per 100,000 hr. It is not con 
tended that such rates will remain ut 
changed for 100,000 hr.; they are the 
specific rates of flow obtained during the 
creep test. The duration of tests rangeé 
from 2150 to 3700 hr. 

Creep test results are summarized i 
Table I for 900 F. and in Table II for 
1000 F. Key letters from Fig. 1 indicatt 
the condition of the steel in each te 
The tables list the heat treatments 
physical properties and creep stress 
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for each condition of the steel and refer 


to the figure numbers containing the 

microstructures and creep test plots. 
Figures 2 to 13 consist of four photo- 

micrographs for each of the twelve con- 


50 000 
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formations. The other two photomicro- 
graphs were made after creep test, one at 
900 F. and the other at 1000 F. Both 
were taken at 1500 magnifications for 
comparison with the carbide conditions. 
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FG. 14.—Creep Stress and Rate of Creep for 0.5 per cent Molybdenum Steel with Differently — 
Spheroidized Microstructures. 


ditions of steel. Two of the photo- 
micrographs were taken before creep, 
one at 100 magnification to show the 
structural grain size, and the other at 
1500 magnifications to show the carbide 


Figure 14 shows the relationship be 
tween stress and creep rate for each of 
the twelve conditions at 900 F. and 
1000 F. Of the tests at 1000 F., all 
curves except two contain a change in 


— 
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the slope. The two exceptions are the 
low-creep-strength, fine-grained steels 
with the carbides coalesced into large 
masses, (NM and IFAM, which show 
straight lines. Several other fine-grained 
steels gave very irregular curves. In 
particular, /N/J, FAT, and FAS suffered 
a very appreciable drop in creep strength 
at about the time the load was reduced 
to approximately that which caused a 
rate of 1 per cent per 100,000 hr. These 
bars indicate a higher level of creep 
00000 1900000 
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Vic. 15.—Creep Stress at 900 and 1000 F. 
for 0.5 per cent Molybdenum Steel when 
Spheroidized for Different Amounts of Time. 


strength at the start than at the conclu- 
sion of the test, the transition occurring 
about halfway through the test. Similar 
behavior has been noted in previous tests 
at this higher creep temperature and, in 
view of the care exercised, the data are 
scarcely open to question. 

There are also two tests which lack low 
enough rates to give reliable indications 
as to the creep stress for a rate of 0.1 per 
cent per 100,000 hr. Thus FN/J at 
1000 I. has been extrapolated as shown 
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by the dashed line with the same slope 
as FAT at 1000 F. Similarly CNT at 
1000 F. is extrapolated with the same 
slope as CATJ at 1000 F. 

In Fig. 15 creep stress is plotted 
against the time required to spheroidize 
the carbides in the steel. The linear 
scale gives a perspective to the time re- 
quired by the temperature to produce 
changes in the steel. Scales have been 
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Fic. 16.—Log Plot of Creep Stress at A 
and 1000 F. versus Spheroidizing Time Withow 
Stress for 0.5 per cent Molybdenum Steel. 


added for the equivalent time® at the 
creep temperature without stress at 9 
and 1000 F., using the spheroidizin: 
formula previously discussed under tht 
heading “‘service life.” 

Considering that a possible effect of the 
presence of stress is to reduce the sphe 
roidizing time to two thirds, an appro 
mation for service time at the creep tet 
peratures can be made by consider: 
that the test points at 55, 180, and 15 
hr. spheroidizing time at 1292 F. a 
equivalent to 7, 23, and, 200 yr. in Fig 
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lope 15 (a) and 0.7, 2.3, and 20 yr. in Fig. 15 
Tat (b), of service time at the temperature 
ame of the creep test. During these service 

periods the creep stress for a constant 

value in the creep rate has decreased to 

between 72 and 46 per cent of the initial 
tted creep stress in 23 yr. operation at 900 F. 
idize The more rapid decrease in creep 
near strength occurs in the 1000 F. test where 
e re- from 58 to 40 per cent of the initial stress 
duce is obtained at 2.3 yr., and from 41 to 23 
been per cent in 20 yr. of 1000 F. operation. 


Figure 16 shows the same data plotted 
on a log-log scale to produce more nearly 
straight lines. The initial creep condi- 
tions are placed at 0.9 hr. which is 
equivalent to the 4-hr. draw at 1200 F. 
Figure 16 shows that at 900 F. creep 
temperature, the normalized structure 
NV is the major factor in the creep 
strength; when the normalized structure 
is combined with the coarse grain there 
is produced the superior condition of 
the steel for 900 F. creep strength. At 
1000 F. creep temperature, the coarse 
grain is the predominating factor in creep 
strength, and whether the steel is nor- 
malized or annealed is of minor im- 
portance. 

The physical properties for the twelve 


soc hr 


0000 conditions of the same heat of steel are 
e535 also included in Tables Iand II. In the 
at “before” and “after creep” tension tests 
Withou for the initial condition /, all fine-grained 
el. steel increased and all coarse-grained 
at the steels decreased in elastic limit. There 
‘at is no trend to the changes in physical 
vidiizing properties during creep test for the 
der the spheroidized condition S. For the 

massed spheroid condition M, however, 
“t of the all creep items had a considerable in- 
1e sphe crease in the proportional limit, elonga- 
sppros a and reduction in area between the 
ep tert velore” and “after creep” tension tests. 


sidering 
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There also occurred, during the sphe- 

roidizing time between conditions S and 

M, a recrystallization or grain growth of 

two grain size numbers in all of the con- 

dition M steels as shown in Figs. 2 to 13. 
The Charpy tests with keyhole notched 

specimens, listed in Tables I and II, are : 

limited in number by the size of creep 

specimens to single tests only. The 

keyhole notch type of test does not corre- 

late with the endurance properties of the 

steel, but is related to the notch sensi- 

tivity of the material for brittle failure 

under blows. This is propitious for 

long service life at high temperature as 

there is a large decrease in the foot- 

pounds as the spheroidization advances. 

All of the steels in the massed spheroid 

condition M and the annealed, fully ; 

spheroidized steels 1S have seven or less - 

foot-pounds at room temperature. All 


of the initial conditions J and the nor- - 
malized, fully spheroidized steels NS he 


have higher values. In all conditions of 
the steel, the notched-bar strengths are 
high at the elevated temperatures. 


SUMMARY 


While the initial creep stresses vary 
greatly for the different conditions of the 
steel, in approximately 20 yr. of opera- 
tion the creep stress for some items de- 
creases to 46 per cent at 900 F. and to 
23 per cent at 1000 F. 

In selection of treatment for this car- 
bon-molybdenum steel, the creep tests 
indicate that at 900 F. the normalized 
structure is the major factor in the creep 
strength; when combined with the 
coarse grain it produces the strongest 
steel. At 1000 I. the coarse grain pre- 
dominates in the creep strength, and 
normalized or annealed structures are— 
of minor importance. 


r 
| 
SS 
id 15 
F. at 
. in Fig 


Mr. A. FE. Wurre.'— Mr. Weaver, in 
discussing the effect of carbide spheroidi- 
zation, makes reference to work done by 
Mr. Taylor in which it was found that 
normalized steel broke down more 
rapidly than annealed steel. By inter- 
polating these data, it was found that it 
would take about 33,000 hr. to change 
the structure of the steel in question 
to spheroidized condition at around 
925 F. 

It is interesting to note that Mr. 
Weaver checksearlier findings to the effect 
that better creep properties are obtained 
in coarse-grained metal than in fine- 


grained metal when the metal is at heat 
above the equicohesive temperature. I 
wish to compliment Mr. Weaver on the 
very valuable data which he has made 


available. 

Mr. J. J. —I should like toask 
Mr. Weaver, whether he could give us, in 
connection with the information already 
in the paper, some data as to the rupture 
elongations which result when testing 
coarse-grained and fine-grained material? 
Such additional information would 
greatly enhance the interpretation and 
application of the data appearing in the 
paper. 

Mr. S. H 
by letter). 
White’s 


. WEAVER® (author’s closure, 
The author agrees with Mr. 
estimate that the normalized 


! Director of Department of Engineering Research, 
and Professor of Metallurgical Engineering, University 
of Michigan, Ann Arbor, Mich. 

2 Research Engineer, Crane Co., 

§ Turbine Engineering Dept., 
Schonects ady, N. Y. 


Chicago, Hl. 
‘General Electric 


carbon-molybdenum steel requires ap. 
proximately 4 yr. at 925 F. to attain 
the fully spheroidized condition S. Fyr. 
thermore, if the time at 925 F. is ex. 
tended to 20 yr., an_ interpolation 
between the S and M spheroidized con- 
ditions in Fig. 16 reduces the creep 
stress to approximately 50 per cent of 
the initial creep stréss but is still above 
the working stress in the A.S.ME. 
Power Boiler Code, provided the steel 
has a reasonably large structural grain, 
We believe these temperatures and 
working stresses are safe, as evidenced 
by the number of large steam plants 
operating above 900 F. 

An implied question in these tests is 
that, due to the rapid increase in the 
rate of spheroidization at the higher 
temperatures, 1000 F. is near a practical 
design limit for this steel in long service 
life. It was to obtain data for this 
limiting temperature condition that the 
usual carbide spheroidization was ex- 
tended to the agglomerated state M. 

In reply to Mr. Kanter, the extra 
stock of material in the twelve condi- 
tions shown in Fig. 1 was placed (1) in 
long-time rupture tests at 900 and 100) 
F. with elongation being measured 
throughout the tests and (2) in carbide 
spheroidization tests at 1100 and 1209F. 
with tapered specimens under constatl 
load to show the effect of various stresses 
on the rate of spheroidization. Neither 
series of tests has progressed far enough 
for conclusions. 
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AUSTENITIC STAINLESS STEELS IN COMPRESSION AS 

ation DETERMINED BY THE CYLINDER TEST METHOD 
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ME. SYNOPSIS 

steel 


, This paper deals with a method of determining the stress-strain char- 
rain acteristics in compression of thin sections of cold-rolled stainless steels or of 
and other materials. The method is applicable to sections as thin as 0.01 in. 
enced and as thick as 0.06 in., and probably can be applied to thinner or thicker 
dlants sections if the test specimen is properly designed. The compressive stress- 
strain characteristics of thin cold-rolled sections of stainless steel are im- 
sts is portant in view of their application in lightweight high-strength structures 
» the such as trains, truck trailers, airplanes, etc. 
iigher The method consists of cold-forming strip or sheet into cylinders having 
the proper slenderness ratio and diameter-to-thickness ratio so that when 
tested in compression they fail symmetrical to the axis. Properly designed 
specimens can be loaded beyond the yield strength without failing pre- 
+ this maturely due to local instability, and the yield strength as determined by 
at the the 0.2 per cent offset method can be obtained. The compression properties 
S eX of material both longitudinal and transverse to the direction of rolling can 
M. be determined depending upon the manner in which the cylinder is formed. 
extra The paper gives information on the compressive stress-strain character- 
condi- istics of thin sections of cold-rolled stainless steels. The 17 per cent chro- — 
(1) in mium, 7 per cent nickel steels exhibit better compressive properties longi- : 
1 1006 tudinal to the direction of rolling, than do the 18 per cent chromium, 8 per 7 
aaa cent nickel steels, particularly when the steels are cold rolled to a tensile — 
genie strength in excess of 150,000 psi. Both steels have better compressive prop- 
arbide erties transverse to the direction of rolling than longitudinal to the direction : 


ctical 
ervice 


209 F. of rolling but the difference in the 17 per cent chromium, 7 per cent nickel 
nstant steels is not so marked as in the 18 per cent chromium, 8 per cent nickel 
tresses steels. The low-temperature stress-relieving heat treatment (200 to 300 C.) 
‘either improves the compressive properties of the steels in both directions. 


nough 


An a recent publication (1)? data were of cold-rolled steels of the 18 per cent 
given on the stress-strain characteristics chromium, 8 per cent nickel type in 


——s tension as influenced by application of a 
Uaion Carbide and Carbon Research Laboratories low-temperature stress-relieving treat- 
Falls, N. Y. 


i. boldface numbers in parentheses refer to the ment at 200 to 300 C. for periods between 
Papers appearing in the lis 
appended to this paper ece penis, Of references and 72 hr. ‘The steels given this heat 
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treatment exhibited a high proportional 
limit, a high yield strength (0.2 per cent 
offset), a modulus of elasticity of ap- 
proximately 28,000,000 psi., increased 
fatigue resistance, and improved tough- 
ness without becoming subject to inter- 
granular corrosion or losing resistance to 
general corrosion. Also, in confirmation 
of the work of other investigators, for 
example, Krivobok al. (2) and Lincoln 
(3), it was stated that the steels contain- 
ing 17 to 18 per cent chromium and about 
7 per cent nickel with 0.12 per cent car- 
bon could be cold rolled to give high 
elastic properties in tension without 
sacrificing ductility, but no information 
was given on the compressive properties. 
It is the purpose of the present paper to 
report on these properties. 

The use of thin sections of the cold- 
rolled 18-8 type of steel in lightweight 
high-strength construction has led to the 
search for compressive stress-strain data 
on such sections, but the problem con- 
fronted in obtaining these data repre- 
sents a difficult one. As stated by 
Aitchison and Tuckerman (4, 5) the 
strength of structures of thin sections 
such as in airplane wings and airplane 
fuselages is generally limited by the 
strength of certain members carrying 
compressive loads, and unless such mem- 
bers are designed on the basis of com- 
pression it may lead to an unsafe struc- 
ture or to an uneconomical one. In an 
effort to make available such informa- 
tion, they developed at the National 
Bureau of Standards the “pack test” in 
which an odd number of thin specimens 
are assembled in a pack and laterally 
supported with pins while the pack is 
being tested in compression. Barlow, 
Stillwell and, Ho-Shen Lu (6) described a 
procedure designated the “plug” method 
for obtaining the compressive elastic 
properties of thin-walled sections. This 
method consists of supporting the sec- 
tion with a cement plug, which restrains 
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the flat sides of the sample and prevents 
early secondary failure. Recently R. L, 
Templin of the Aluminum Company of 
America informed us of a method de. 
veloped by W. P. Montgomery of the 
Engineering Dept. of the Vought-Sikorsky 
Division of United Aircraft Corp. which 
consists of testing in compression single 
strip samples that are supported later. 
ally by means of a series of small rolls, 


Test METHOD AND DISCUSSION oF 
DATA 


An investigation was made to find out 
whether the compressive properties of 
thin sections could be determined for 
cold-rolled steels of the 18-8 type by 
use of  cylindrical-shaped samples. 
Seamless tubes 1 in. in diameter with an 
0.035-in. thick wall were obtained and 
tested. The tubes had been cold draw: 
to a tensile strength of 131,000 psi. 
Samples 3.5 in. long having a slenderness 
ratio of about 10 were prepared from the 
tubes, after which the ends were ma- 
chined and ground parallel to within ar 
accuracy of +0.0002 in. The ends of 
the cylinders were embedded in Wood’ 
metal on both the inside and outside. 
On the outside, oversized brass ring 
were employed to hold the Wood’ 
metal in place. The brass rings reduced 
the effective column length to approx: 
mately 3 in. and permitted the cylinder 
to be held on a surface grinder while the 
ends were being ground to the finished 
dimension. The samples were subjected 
to compressive stresses using a 60,000- 
Baldwin-Southwark hydraulic _ testing 
machine, and two Huggenberger gages 
the metric type were employed to meas 
ure the strain. The gage Jength use 
was ().787 in. (2 cm.). 

The type of failure obtained in the 
test is illustrated in Fig. 1 and the stres* 
strain data are shown in Fig. 2. The 
compression tests were made on a 
nealed and cold-drawn cylinder sample 
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which buckled symmetrically to the axis 
during failure. Stress-strain data ob- 
tained on cylinders in tension are in- 
duded for comparison. Two Huggen- 
berger gages were also used in the 
tension tests. The data obtained are 
illustrative of the difference in the stress- 


Fic. 1, 
The tubes are 1 in. in 


nickel and 0.06 per cent carbon. 
cold drawn to a tensile streng 


strain properties in tension and compres- 
sion, longitudinal to the direction of cold 
drawing. The data showed that the 
yield strength at 0.2 per cent offset*® in 


S. Navy Department Specification No. 47S2la for 

(18-per cent Chromium and 

aver cent Nickel type), Sheet and Strip, Cold-Rolled, 


q 
On StRESS-STRAIN CHARACTERISTICS OF STAINLESS STEEL 


631 


compression is somewhat lower than in 
tension, particularly in the cold-drawn 
condition. Other data are given in 
Table I. 

Tests were next made on an 0.035-in. 
thick 18-8 steel strip that had been cold- 
rolled to approximately the same tensile 


. 


Appearance of Failed Compression Test Cylinders of Seamless Tubes (Natural Size). 


vutside diameter by 0.035 in. in wall thickness and contain 17.98 per cent chromium, 10.02 per cent 
The sample on the left was in the annealed condition, and the sample on the right was 
th of 131,000 psi. The samples have a slenderness ratio of 10. 


strength as the 1-in. outside diameter 
seamless tubes. Rectangular-shaped 
sections were cut from the strip and 
machined to a length of 4.60 in. and a 
width of about 2.25 in. so that a cylinder 
could be made. Certain of the sections 
were annealed and pickled prior to 
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machining, and others were left in the 
as-cold-rolled condition. Also, certain 


TABLE I.— DATA OBTAINED IN THE TENSION AND 
COMPRESSION TESTS OF SEAMLESS TUBES 
(SEE FIGS. 1 AND 2). 

COMPOSITION 
Chromium, per cent 
Nickel, per cent 
Manganese, per cent 
Silicon, per cent 
Carbon, per cent 


Condition of Metal 


As-Cold- 


Drawn 


Air Cooled | 
from 1100 C. | 


TENSION 


16 800 


Proportional limit, psi. 32 800 

Yield strength, psi. (0.2% 
offset) 

Tensile strength, psi. 


Elongation in 6 in., per 


103 000 
131 000 


cent ses 24 
Initial tangent E, psi. 25 300 000 


COMPRESSION 


Proportional limit, psi. | 16 800 
Yield strength, psi. (0.2% 

offset) 
Buckling stress, psi....... 


Initial tangent E, psi. 


31 000 
51 000 
27 500 000 


120000 
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transverse to the direction of rolling 
The sections were cold formed into cylin. 
ders approximately 1.50 in. in diamete 
by 2.25 in. long, using specially designe 
bending rolls to obtain a circular cylin. 
der. This diameter of cylinder was 
selected to facilitate forming. 

The cylinders were placed on a close. 
fitting soft steel arbor, and clampei 
lightly, after which the longitudinal 
seam was sealed using soft solder to form 
a continuous cylinder. The arbor con. 
taining the soldered cylinder was set y 
between centers on a lathe, and the 
cylinder machined to exactly 2 in. in 
length, allowing the tool bit to cut into 
the steel arbor to remove the burr that 
formed. As in the case of the seamles 
tube samples, the ends of the soldered 
cylinder were embedded in Wood! 
metal to a depth of about in. using an 
oversize brass ring on the outside to re 
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nickel, and 0.06 per cent carbon. 
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Fic. 2.—Stress-Strain Curves for Seamless Steel Tubes. 


The tubes are 1 in. in outside diameter by 0.035 in. in wall thickness and contain 17.98 percent chromium, 10.02 per ces! 


m. Curves 1 and 3 show tensile properties in the annealed and cold-drawn conditions 
ow compression properties (samples in Fig. 1) in the annealed and cold-drawn conditions. These pro 


erties were of necessity determined longitudinal to the direction of cold drawing. 


of the samples were cut longitudinal to 


tain the low-melting alloy. The ends“ 


‘the direction of rolling and others the cylinder were made to cleat the 
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ling Wood’s metal so as not to interfere with were adhered to in designing the sample 
cylin BF testing. After grinding, the uniformity in order to obtain a high degree of 
mete in length of the cylinder was checked _ stability while it was being stressed in 
igne! B with a surface gage, and if a total dif- the plastic range. 

cylin ference of more than 0.0004 in. was In making the compression test, two 
found, the ends were reground. Four Huggenberger extensometers of the 
; checks on the length of the cylinder metric type having a multiplication ratio 
close. 
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Fic. 3.—Showing the Assembly Used in Making the Compression Test on the Cold-Formed and 
Soldered Cylinder. : 


of 1175 were used to measure the strain. 
The knife edges of the gages were placed 
opposite each other and at about 90 deg. 
from the soldered seam. The cylinder 
with the attached Huggenberger gages 
was placed in the testing machine, as 
shown in Fig. 3, between two hardened 


were made, about 90 deg. apart on the 
circumference of the ends. ‘The finished 
cylinder, which was now ready for the 
compression test, had a _ slenderness 
ratio of about 5, a diameter to thickness 
ratio of about 40 and an effective column 
length of about 1.5 in. These values 
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steel blocks ground flat. A small piece the head of the machine. The shim, the 
of blotting paper was inserted between mixture which is approximately 50 g. of 
the bottom plate and the testing machine _ plaster of Paris and 20 ml. of water, was 


1.—Cold-Formed Cylinders After Failure in the Compression Test (Natural Size 


The cylinders were prepared longitudinal to the direction of rolling from 0.035 in. thick strip of a steel containing 18.45 
per cent chromium, 8.79 per cent nickel, and 0.10 per cent carbon. The cylinder on the left was formed from an annealed 
sample and the one on the right froman as-cold-rolledsample. Cylinders of thesame steel prepared to test the properties 

- transverse to the direction of rolling also failed symmetrical to the axis. 
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Fic. 5.—Stress-Strain Curves for 0.035 in. Thick Strip of Steel. 
The steel contains 18.45 per cent chromium, 8.79 per cent nickel, and 0.10 per cent carbon in the annealed condition. 


Curves 1 and 2 are for tension properties in the longitudinal and transverse directions to rolling, respectively. Curvess 
and 4 are for compression properties in the longitudinal and transverse directions to rolling, respectively. 


to prevent slippage. To offset trouble spread uniformly between two pieces of 
due to the heads of the machine not tracing paper before being placed be- 
being parallel, a plaster of Paris shim tween the steel block and the head of the 
was placed between the upper block and machine. A small load of aie was 
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1440000 


420000 


Strain, in. per inch 
Fic. 6.—Stress-Strain Curves for 0.035 in. Thick Strip of Steel. 


The steel contains 18.45 per cent chromium, 8.79 per cent nickel and 0.10 per cent carbon and is cold rolled to a tensile 
strength of 139,300 psi. Curves 1 and 2 are for tensile properties in the longitudinal and transverse directions to rolling, 
en Curves 3 and 4 are for compressive properties in the longitudinal and transverse directions to rolling, re- 
spectively. 


ng 18.45 
nnealed 
— TABLE II.-DATA OBTAINED IN THE TENSION AND COMPRESSION TESTS (SEE FIGS. 4, 5, AND 6). 
COMPOSITION 

Chromium, per cent 

Nickel, per cent 

Manganese, per cent 

Silicon, per cent 

Carbon, per cent 


Condition of Metal 


- Air Cooled from 1100 C. As-Cold-Rolled 


Longitudinal® Transverse® Longitudinal* Transverse® 


TENSION 


€ 


in., per cent 
iitial tangent E, psi. 


Pr 
Yi 
Te 
Ek 


COMPRESSION 


Proportional limit, psi 
Vield strength, psi. (0.20% offset) 80 000 
pickling stress, 120 400 
uitial tangent E, psi 28 000 000 22 000 000 


“To direction of rolling. 


applied to the assembly for about 20 nitude of this load depends on the area” 
min. to allow the plaster of Paris to set of the sample. 
before the test was started. The mag- In testing the 0.035-in. thick wall 


be 
was si. p1 110,000 psi. : 
| 
coool 
« 
| 
portional limity 13 300 16 600 21 000 "40000 
rid strength, psi. (0.20% offset)......... 36 000 34 000 121 000 110 000 
reekcsieiod 94 500 93 700 | 139 300 | 138 500 . 
| 29 000 000 27 000 000 29 00000 
ith 
pnditios 121 000 > 
ces of 
be- 
of the 
b. was 


cylinders, the initial strain reading was 
recorded at a load of 100 lb. Load in- 
crements of 100 to 200 lb. were then 
applied to a stress slightly beyond the 
proportional limit, after which 800 and 
1600-lb. load increments were used. At 
a point somewhat below the yield 
strength at 0.2 per cent offset, the incre- 
ments of load were again reduced to 
about 200 lb. At this point the rate of 
joading was relatively slow, and suffi 


Fic. 7. 
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Figure 4 shows that the cold-formed 
cylinders with soldered joint failed sym. 
metrically to the axis in a manner similar 
to that of the cold-drawn seamless tubes 
shown in Fig. 1. The stress-strain data 


in Figs. 5 and 6 and Table II of tests 
made longitudinal to the direction of 
rolling confirmed those obtained on the 
seamless tubes in the annealed and cold- 
drawn conditions, indicating that the 
cylinder cold formed from the strip was 


Showing the Failed Compression Test Cylinders of 0.02 in. Thick Strip Longitudinal to 


the Direction of Rolling(Natural Size). 


The steel contains 17.90 per cent chromium, 6.72 nickel, and 0.11 per cent carbon cold rolled to a tensit 


strength of about 220,000 psi. 


The cylinder at the extreme left had a 1.5-in. diameter and exhibited nonuniform lo 


failure as did the 1-in. diameter cylinder represented by the middle photograph. However, the 0.8-in. diameter cylinde 
at the extreme rigtit failed uniformly and is considered satisfactory. 


cient time was allowed after each load 
to be sure that the correct strain value 
was obtained. Loading was continued 
until the yield strength had been slightly 
exceeded. The Huggenberger extensom- 
eters were then removed and the load- 
ing was increased further until failure 
occurred by buckling. 

This procedure was used in making 
tests on the previously discussed 18-8 
steel strip and the results are described 
in Figs. 4, 5, and 6, and Table II. 


properly designed with respect to t 
slenderness and diameter-to-thicknes 
ratios. It was of further interest 
note that the soldered joint in the cy! 
inder functioned satisfactorily. 

As before, tension data are given i 
Figs. 5 and 6 and Table II for the sake 
of comparison. In these tests the slop 
of the modulus line was determined usilf 
two Huggenberger gages, but the yiel 
strength at 0.2 per cent offset was deter 
mined using the Berry gage. It ws 
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again observed that in the annealed 
condition tension and compressive prop- 
erties were similar, but after cold rolling 
the compressive properties longitudinal 
to the direction of rolling were inferior 
to the tensile properties in the same 
direction. On the other hand, the ten- 
sile and compressive properties trans- 


160 000 


ing rolls to form cylinders from these a 
thinner strips. Cylinders having di- . 
ameters of about 1.50, 1, and 0.80 in 
were made from the 0.02-in. thick strip 
and tested to determine the compressive 
properties in both directions to rolling. 
Tension tests were made on the strip, 
but for the sake of brevity only the data 
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Fic. 8.—Compression Stress-Strain Curves for 0.02 and 0.01 in. Thick Strip of Steel. 


The steel contains 17.90 per cent chromium, 6.72 per cent nickel, and 0.11 per cent carbon cold-rolled to a tensile 


strength of 220,000 psi. Curve 1 gives the data obtained on the 


0.8-in. diameter cylinder of 0.02-in. thick strip, and curve 7 


gives the data for the 0.4-in. diameter cylinder from the 0.01-in. thick strip. The samples were tested in the as-cold-rolled 


condition, longitudinal to the direction of rolling. 


verse to the direction of rolling were quite 
similar, the compressive properties trans- 
verse to the direction of rolling being 
decidedly superior to those longitudinal. 

The investigation was continued using 
0.02 and 0.01-in. thick strip of a steel 
containing 17.90 per cent chromium, 
6.72 per cent nickel, and 0.11 per cent 
carbon cold rolled to a tensile strength 
of about 220,000 psi. It was necessary 
to construct two additional sets of bend- 


secured in the longitudinal direction in 
the compression tests will be discussed. 
As shown in Fig. 7, the 1.5-in. di- 
ameter cylinder failed. locally near the 
center of the cylinder. Also the failure 
was not symmetrical to the axis of the 
cylinder. A similar result was obtained 
with the 1-in. diameter cylinder. 
Neither of these failures resembled those 
obtained with the seamless tubes or the 
cold-formed 1.5-in. diameter cylinder of 
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the 0.035-in. thick strip, and the tests 
considered unsatisfactory. The 
failure occurring with the 0.8-in. di- 
ameter cylinder was quite different. 
This cylinder failed symmetrically and 
in a manner similar to that of the 
seamless tube. This test was considered 
satisfactory, and showed that with a 
slenderness ratio of about 7, the cylinder 
should have a maximum diameter-to- 
thickness ratio of about 40 to avoid 
local unsymmetrical failure. This was 
subsequently proven in the tests on the 
(0.01-in. thick strip of the same steel. It 
was necessary to reduce the diameter of 
the cylinder from the 0.01-in. thick strip 
to approximately 0.40 in. to avoid the 
TABLE II.—DATA OBTAINED IN THE 
«COMPRESSION TESTS OF FIG. 4. 
COMPOSITION OF STRIP 


Chromium, per cent.. 

Manganese, percent........ 

Silicon, per cent 

Carbon, per cent 

0.02 in. Thick|0.01 in. Thick 
Strip. As Strip. As 

Cold Rolled. | Cold Rolled. 


Longitudinal 
to the Di- 
rection of 

Rolling 


Proportional limit, psi. 

Yield strength, psi. (0.20%, 
offset)... 

Buckling stress, psi. 

Initial tangent E, pa. 


32 000 


148 000 
209 000 


25 000 000 


Longitudinal 
to the Di- 
rection of 

Rolling 


30 000 


144 000 
213 000 
26 700 000 


same difficulty. The over-all length of 
the cylinder was reduced to 1.5 in., and 
with the brass ring attached the effective 
column length was 1.25 in. As before, 
the gage length was 0.787 in. (2 cm.). 
The data from the satisfactory com- 
pression tests on the 0.8-in. diameter 
cylinder of 0.02-in. thick strip, and the 
0.4-in. diameter cylinder of the 0.01-in. 
thick strip are given in Fig. 8 and 
Table III. These are of interest because 
they show that if the steel is cold rolled 
to the same tensile strength, the com- 
pressive properties longitudinal to the 
direction of rolling are similar i in strips 
of different thicknesses. 


The dimensions of the cylinders re. 
quired to test strips of different thick. 
nesses satisfactorily is of interest. The 
cylinders from the 0.035-in. thick strip 
should have a diameter of about 1.5 ip, 
and an over-all length of about 2 in; 
the cylinders from the 0.02-in. strip 
should have a diameter of 0.80 in. anda 
similar length; the cylinders from the 
0.01-in. thick strip should have a dj. 
ameter of about 0.4 in. and an over-all 
length of about 1.5 in. Cylinders of 
these dimensions with the brass rings 
attached have a slenderness ratio be- 
tween 5 and 10 and a maximum diameter 
to thickness ratio of about 40. It is 
probable that the over-all length of the 
cylinders can be increased somewhat, 
but it is doubtful whether the diameter. 
to-thickness ratio can be changed ma- 
terially without encountering trouble. 

As previously stated, the elastic prop- 
erties of the cold-rolled stainless steels 
are improved by the low-temperature 
heat treatment (200 to 300C.). So, 
chromium-nickel steels of the 18-8 type 
containing different percentages of chro- 
mium, nickel, and carbon were made and 
tested in compression to determine the 
influence of this treatment as well as of 
All the data obtained 
cannot be reported but enough of them 
will be shown with corresponding tet- 
sion data to illustrate the important dif 
ferences. The compression tests wert 
conducted on cylinders of cold-rolled 
strip approximately 0.035 in. thick 
The respective cylinders, which had é 
diameter of 1.5 in. and were 2 in. long 
with an effective column length db 
in., were prepared as previously de 
scribed, with one exception. In 
preparation of the low-temperaturt 
stress-relieved samples, the cylinder 
were cold formed as_ usual, stre* 
relieved, and then soldered followed bj 
machining and grinding to the finishet 
dimensions. The samples were teste 
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—propert the tensile and compressive 


in the annealed condition, in the as-cold- 
rolled condition, and after cold rolling 
and stress-relieving at 200 to 300C. 
They were tested both longitudinal and 
transverse to the direction of rolling. 
The data given in the accompanying 
figures and tables show the relationship 


properties of the different steels. The 
tension data were obtained using a 
standard A.S.T.M. 3-in. flat tension 


ne with a 2-in. gage length. As 
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using an 0.787-in. (2-cm.) gage length, 


7 


rolling. In tension the longitudinal 
properties were slightly superior to the 
transverse properties, but in compression 
the transverse properties were superior 
to the longitudinal properties. Increas- 
ing the degree of cold rolling from 35 to 
50 per cent did not greatly improve the 
compressive properties longitudinal to 
the direction of rolling even though the 
strength in tension was materially en- 
hanced. In every instance the stress- 
relieving heat treatment at about 200. 
markedly improved the elastic properties 


TABLE IV.—DATA OBTAINED IN TENSION AND COMPRESSION TESTS ON 0.035-IN. THICK STRIP 
SHOWN IN FIGS. 9 AND 10. 


Composition, per cent 


Tension® Compression? 


Cold Reduction, per cent 
in million psi. 


| Chromium 
| Nickel 


| Initial Tangent E, 


oo 
oo 
~ 


18.45 


PP | Condition of Metal® 
| Direction to Rolling? 


8.79 ax 


| Proportional 


0.2% offset, psi. 
Tensile Strength, 
2in., per cent 
in million psi. 
0.2% offset, psi. 


Yield Strength, | 


Elongation in 


Limit, psi. 
| Initial Tangent E, 


| Yield Strength, | 


| Proportional 


a 


166 700 
211 00 


198 300 


a 1 = ascold rolled, 2 = heated 72 hr. at 200 C. and air cooled. 


L = longitudinal to direction of rolling, T = transverse to direction of rolling. 


A = annealed. 
© Berry gage tests. 


Value for E based on Huggenberger gage data. 


4 The 1.5-in. diameter cylinder tested had a slenderness ratio of about 5 and a diameter-thickness ratio of about # 


previously stated, the yield strength at 
0.2 per cent offset in tension was deter- 
mined using the Berry gage, but as 
shown in the tables, the initial tangent 
modulus in tension was determined with 
two Huggenberger gages the same as 
those employed in the compression test 
using an 0.787-in. (2-cm.) gage length. 
The tension and compression data on 
the 18-8 steels are shown in Figs. 9 and 
10 and in Table IV. These showed that 
although the annealed longitudinal and 
transverse properties were quite similar, 
a marked difference existed after cold 


of the material in both directions in both 
tension and compression. Thus, these 
tests showed the importance of the 
conclusion of Aitchison and Tuckerman 
(4) that it was unwise to design com- 
pression members on the basis of tensile 
stress-strain curves. 

The data for the 17 per cent chromium, 
7 per cent nickel steel and 17 per cent 
chromium, 6 per cent nickel steel are 
given in Figs. 11, 12, 13, and 14 and 
Table V, and are quite different from 
those of the cold-rolled 18-8 steel 
When cold reduced to the same extent 


2 ° 
=| 
° 
50 0.55 0.11 16 600 28 11 000 36 000 50 000 
| 46 600 131,000 15 | 26 |17100]} 95.000! 151 800 
56 600 | 155 000 | 173400| 11 | 27 | 47.600| 118 000 | 158.000 
53 000 | 130000 | 166 200] 11 | 27 | 42.000 | 148 000| 183000 
| 53 000 | 147 000 | 178 700} 10 | 29 | 72 000| 169 000| 193 000 
26 | 37000| 155000|177400| 6 | 21 | 41. 000| 112.000] 155 200 
27 | 54.000 | 170000 | 187000| 5 | 26 | 43.000) 126000| 
30 | 41.500 | 147000| 189200} 8 | 28 | 51.000! 166000 
1 | 53000 | 164000 | 6 | 29 | 65 :000| 183 000| 
re) 
° 
‘ 


*D 00Z 38% *D 38 


JO BY} 0} PI}say, plod Aq yuad lad paonpay JO UOIZIIIIP paysay, plod Aq yued Jad paonpey 
yout sed “ul yout sad ‘ul 


00002 


00002 


0000% 


00009 


00009 


00008 


000 08 


00000!I° 


00000! 


“isd ‘Ssaujs 


000 021° 


00007! 


000 OF! 


000 


000 09! 


00009! 


00008! 


00008! 


000002 


n 
n 
< 
° 
n 
— 
— 
< 
< 
= 
Z 
n 
n 
Z 
~~ 


000 00% 


= 
|. 
| 
| 
= | 
HEE 
i 
= 
the 
en 
are 
ent 


(35 
bette 
tensi¢ 
18-8 
17-6 
in th 
comp 
direct 
steels 
direct 
low-t 
treat 
TAI 
Heat 
No. E57 


Z 


D 
T 


uoisuay 
JO WONIIIIP plod Aq juss Jad ¢¢ psonpoy 
‘OSSA 1999S JO YL “Ul “OL 
sad ‘ul 
> 
0 


f ooooz 


00004 


00009 


000 08 


00000! 


00007! 


00009! 


“sd 


usd 
“000 ‘OL/ 
sd— 


000 
‘SA 


000007 


000072 


00002 


No. 16A 


No. E85 


| ox 
of 
s2 “Seow eo wv 
— 
oO 


amply 
longit 


worsua 


the 17 


yrui sed «ul ‘ 


> ‘7000 


per c 


Stress- 


17-6 


Adc 
prove 


JO UOIZIIIIP [VuIpNz Zuo] pajysay, *Zurpjor plod Aq ques sad peonpoy 


0 
000 02 
00007 


00008 


00000! 


00007! 


000 


00009! 


00008! 


000002 


N 
col We 
ue 
sd * | 
No. E71 
| 
é 
TE 


aun & 


Heat-treated at 


Curve 1 
Curve 2 


STRESS-STRAIN CHARACTERISTICS OF STAINLESS STEEL 


(35 per cent), these two steels exhibited 
better stress-strain characteristics in 
tension and compression than did the 
18-8 steel. Even though the 17-7 and 
17-6 steels had better elastic properties 
in the transverse direction to rolling in 
compression than in the longitudinal 
direction, it should be noted that the two 
steels had good properties in both 
directions to rolling. Moreover, the 
low-temperature stress-relieving heat 
treatment at 200 to 300 C. was very 


DATA OBTAINED IN TENSION AND 


TABLE V. 


| 
| 


SHOWN IN FIGS. 


Composition, per cent 


lum 


Initial Tangent E, 
in million psi. 


Chrom 
| Nickel 


No. E572 


17.20 7.23 1.28 0.43 0.11 


* | Cold Reduction, per cent 


7.40 0.58 


| 
| 
| 


No. 16A 


No. E717 117.15 7.17.1.32 


| Direction to Rolling? 


>> | Condition of Metal 


No. E850 17.45 6.20 1.31/0.34,0.13 


| 


*1=ascold 


60 000 


rolled, 2 = heated 72 hr. at 200 C. and air cooled, 3 = heated 24 hr. at 300 C. and air cooled. 
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treatment in tension and compression 
both transverse and longitudinal to the 
direction of rolling. These curves were 
prepared from the data on the 17-7 
steel (E717) using the stress-strain values 
between the observed proportional limit 
and the yield strength at 0.2 per cent 
offset. The curves are more or less 
self-explanatory, but it should be men- 
tioned to illustrate the stiffening effect 
produced by the heat treatment that for 
certain stresses there is a difference in 


COMPRESSION TESTS ON 0.035 IN. THICK STRIP 
11, 12, 13, AND 14. 


Tension® Compression@ 


, psi. 


Proportional Limit, 
0.2% offset 
per cent 
in million psi. 
0.2% offset, psi. 


| Initial Tangent E, | 
Proportional Limit,| 


| Yield Strength, 

| Tensile Strength, 
Yield Strength, 
Buckling Stress, 


23 | Elongation in 2in., 


196 000 
198 000 
201 000 
202 000 


229 500 
225 500 
224 500 
226 800 


208 500 
210 300 
214 300 
218 500 


226 300 
231 500 
239 500 
250 500 


119 000 


'L = longitudinal to direction of rolling, T = transverse to direction of rolling. 


A = annealed. 
(Berry gage tests. Value for E based on Hu 


genberger gage data. 


¢1.5-in. diameter cylinder tested had a slenderness ratio of about 5 and a diameter-to-thickness ratio of 40. 


efiective in improving the stress-strain 
characteristics of the two steels. This is 
amply illustrated by the fact that 
longitudinal to the direction of rolling, 
the 17-7 steel had a yield strength (0.2 
per cent offset) in compression after 
stress-relieving, of 161,000 psi., and the 
17-6 steel a yield strength of 190,000 psi. 

Additional evidence revealing the im- 
provement obtained by application of the 
low-temperature heat treatment is shown 
by Fig. 15, which gives the tangent 
modulus curves before and after the 


the modulus of elasticity of the as-cold- 
rolled material and the stress-relieved 
material of between 3,000,000 and 
5,000,000 psi. This should leave little — 
doubt of the advisability for stress- 
relieving the as-cold-rolled metal in 
order to obtain the most rigid lightweight 
high-strength structures. 


SUMMARY 


This paper describes a method for 
determination of the stress-strain char- 


acteristics of thin sections of cold-rolled Lae 
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Stainless steels in compression. The strain characteristics to 
method is applicable to other materials mined. 
and is referred to as the “Cylinder The actual data for the cold-rolled 
Method” because of the type of specimen chromium-nickel steels show that longi- tensi 
employed. With this method the yield tudinal to the direction of rolling the chare 
strength at 0.2 per cent offset is readily tensile stress-strain characteristics are trans 
determined for sections of cold-rolled superior to those in compression. Trans. The 


stainless steels as thin as 0.01 in. and as_ verse to the direction of rolling the steel: 


low-t 
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Fic. 15.—Tangent Modulus Curves for Steel E 717. 
Reduced 35 per cent by cold rolling to a tensile strength of 196,000 psi. 


......... As-cold-rolled As-cold-rolled 
. Heat-treated at 300 C. » Heat-treated at 200C. 
As-cold-rolled : As-cold-rolled 
Heat-treated at 300 C. Heat-treated at 200C. 


thick as 0.06 in., provided the slenderness compressive properties are superior t0 

ratio is under 15 and the diameter-to- the tensile properties, and as would be 
thickness ratio does not greatly exceed inferred, the transverse compressidl 

40. The data obtained on the cold- properties are supcrior to the long 
formed and soldered cylinder are com- tudinal compression properties. a 
parable to those secured on seamless The best combination of properties § 
; cylinders. In addition the cylinder obtained in steels containing 17 to 18 pé 
: method permits the transverse stress- cent chromium and about 7 per “tl 


! 
| 
200000 
ane AION 
Longitudinal SAE le 
| 


or to 
ld be 
longi- 


ies 
[8 pet 
cent 


Ox StRESS-STRAIN CHARACTERISTICS OF STAINLESS STEEL 


nickel, especially when the steels are 
cold-rolled to high strength. These 
steels have high ductility and excellent 
tension and compressive stress-strain 
characteristics both longitudinal and 
transverse to the direction of rolling. 
The stress-strain characteristics of the 
steels are markedly improved by the 
low-temperature heat treatment at 200 
to 300 C. for 8 to 72 hr. 
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_ ADDITION OF BISMUTH FOR PRODUCING FREE-MACHINING 
STAINLESS STEELS 


By H. Pray,' R. S. Peopies,? anp F. W. FINK?» 


SYNOPSIS 


The addition of small amounts of bismuth (0.1 to 0.5 per cent) to the corro- 
sion-resistant stainless alloys results ina remarkable and useful increase in their 
machinability with no detriment to, and in some cases, an improvement in 
their corrosion resistance. The paper describes laboratory data relative to the 
effect of bismuth on the machinability, corrosion resistance to a variety of 
media and conditions, physical properties at ordinary and high-temperature, 
galling resistance and the hot working properties of several of the more com- 


mon stainless alloy types. 
alloys is discussed. 
and service experience. 


Machine shops always want better 
machining properties in the steels they 
handle, and the shops that have to 
handle corrosion-resistant steels are no 
exception. 

Recognizing the benefits to be gained 
through improved machinability, the 
Alloy Casting Research Institute* in- 
structed Battelle Memorial Institute to 
study the problem with particular rela- 
tion to castings, making it clear, how- 
ever, that it was essential that improved 
machinability would only be acceptable 
if it were attained without material 
sacrifice in corrosion resistance or 
mechanical properties. 

The evaluation in the laboratory of 
machinability has been reputed to be 
difficult and inconclusive, and this is 
broadly true when very slight differences 


1 Supervisor, Corrosion Laboratory, Battelle Memorial 
Institute, Columbus, Ohio. 

2Research Engineer, Battelle 
Columbus, Ohio. 

3 Now Alloy Casting Institute. 


Memorial Institute, 


The general metallurgy of the bismuth-containing 
The laboratory data and results are substantiated by plant 


in machinability have to be evaluated. 
It is also true that different alloys fall 
into somewhat different orders of ma- 
chinability, depending on the particular 
type of machining operation used as the 
criterion. Yet, between two alloys of 
such really different machinability that 
any machinist would recognize the 
difference, laboratory tests can likewise 
recognize the difference and express it in 
roughly quantitative values. This was 
true in the case of lead-bearing free- 
machining steel, the comparative saw- 
ability and drillability tests made in this 
laboratory by the methods described by 
Nead, Sims, and Harder,’ gave data 
that were fully corroborated by later 
commercial experience. Hence the lab- 
oratory tests for machinability used in 
the present study were essentially the 
same sawing and drilling tests described 


4 J. H. Nead, C. E. Sims, and O. E. Harder, Fh 
ties of Some Free- Machining Lead-Bearing 
a and Alloys, Vol. 10, pp. 68-73, 109-114 (1939). 
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by Nead, Sims and Harder, the reference 
material of 100 sawability or drillability 
index being, in each case, an addition- 
free lot of whatever corrosion resistance 
casting composition was being studied. 

These indices express the ratios of the 
time necessary to do the same cutting 
on the reference alloy and the alloy 
tested. If it takes 200 sec. to make a 
certain cut or certain drilling in the 
reference alloy and the alloy under test 
takes but 150 sec., its index is 133; if it 
takes 250 sec., the index is 80. 

The sawability and drillability times 
were determined on 25 per cent chro- 
mium, 12 per cent nickel, and 19 per cent 
chromium, 9 per cent nickel castings 
as reference alloys and on castings of 
similar compositions to which §S, Se, 
Mo, Cu, P, Ag, Pb, Bi, and a few other 
elements, alone or in combination were 
added. Some of these were helpful. 
Sulfur or selenium, alone or in combina- 
tion with other elements, of course, 
improved machinability, but affected 
corrosion resistance to a degree not 
permissible under the aims of this 
investigation. Silver gave erratic re- 
sults in the laboratory, possibly due to 
dificulties in incorporating the silver 
into the melt in uniform suspension. 
Lead was helpful, but its introduction 
under the conditions obtaining in found- 
ries entails some difficulties. When 
bismuth was tried its beneficial effect 
on machinability was at once apparent. 
Plant trials showed it to be entirely 
feasible to introduce bismuth under 
commercial conditions, so the investiga- 
tion then settled down to a comprehen- 
sive study of the effects of bismuth. 

Table I gives machinability data for a 
variety of compositions and shows that 
bismuth is effective in increasing machin- 
ability of the corrosion-resistant alloys 
as a class. The laboratory indications 
were corroborated by the opinion of the 
Battelle machine shop and likewise by 
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the machine shops of Alley Casting 
Institute members handling commer- 
cially produced material. The surface 
finish obtainable with carboloy tools in _ 
finish turning at 44, 85, and 118 ft. per 
min. was undistinguishable from that of | 
the bismuth-free alloys. 


# 


MECHANICAL PROPERTIES 


Charpy impact tests, standard key- 
hold notch, gave the data in Table II. | 
Short-time tension tests at room tem- 
perature and at 1800 F. gave the data of — 

Table III. 

Room temperature properties are not 
materially altered by presence of bis- 
muth. Strength at 1800 F. is unaffected, 
but ductility is decreased. 


Hot Working: 


Hot working of Nisan 


12 per cent chromium; 19 Cr, 9 Ni; and 
25 Cr, 12 Niwas attempted. The 12 per 
cent chromium alloy with 0.10 per cent | 
bismuth forged and rolled well. Both 
19 Cr, 9 Ni, and 25 Cr, 12 Ni with 
about 0.25 per cent bismuth forged satis- 
factorily at 1800 to 1900 F., but showed 

a strong tendency to crack at 2150F. 
Small rods have been swaged from hot- 
rolled rounds. Rolling and forging oper- ] 
ations have been successfully accom- 
plished in the plants of A.C.R.I. member 


The galling propensities of these alloys 
are of some importance in valves, gears, 
pumps, etc. In the Amsler machine, 
as it is used for galling and seizure tests, 
two disks are rotated together, with the 
periphery of one moving at a different 
speed from that of the other. This 
results in a slip, which in the case of the — 
tests to be cited, amounts to 32.5 per 
cent. After lapping, the specimens were © 
cleaned while in place on the machine, 
and then tested, using a mixture of 
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TABLE I.—MACHINABILITY DATA. 
All heats water quenched from 2050 F. except those noted. 


Intended Composition, per cent® Saw Inder’ 


Actual 
Bismuth to 
Content Compared rials 
Other r cent to 19 Cr, 
er pe 9 Ni or ,Same 
Cr, 12 Ni Without 
Bi 


Cast AtLoys (First Series) 


No. 523 
No. 528 
No. 528 
— No. 528 
Cast ALLoys witH VARYING BismutH CoNnTENT (SECOND SERIES) No. 52! 


0.00 No. 52s 


> 
4 


sq 
of scat 
Sa 
materi 
the ind 


0.1 p 
mens 
insur 
it is 
Larce Test Brock CastINGs and i 


appli 
or th 
is re 
the 

cont 
indic 
100 
cont 
ditio 


Cast ALLoys witH OTHER ADDITIONS WITH 


Jo. 5552 (As-cast).... 
. 5572 (As-cast). .. 
553 


Yo. 5546 (As-cast).... 

. 5556 (As-cast).... 
Yo. 5547 (As-cast). ... 


= 


ro- 
ming, | Nickel 
| _ 
— | 8 100 100 — 
0.12 93 13 
0.11 
No. 19 300 141 
19 : 313 134 
25 1 
25 1 
19 9 0.00 100 100 
19 9 0.20 173 123 
19 9 0.26 206 120 
BISMUTH 
19 0.00 100 100 
19 Mo 0.50 0.00 (88) 91 100 
F 2 Se 19 Mo 0.50 0.26 “om 133 152 
19 Mo 1.00 0.00 (98) 100 
19 Mo 1.00 0.30 160 164 
19 Mo 3.00 00 (90) 100 
19 Mo 3.00 21 140 155 
19 Cb 0.80 (103) 100 
Cb 0.80 131 121 Weld 
19 Ti 0.60 177 145 Or 
ee: 19 Cu 1.00 © = 151 169 25-13 
S564... 9 C 0.15 127 145 at ay 
19 C 0.25 (89) 100 Us; 
19 C 0.25 68 16 Sin; 
No. 5563 25 12 Mo 3.65 an 
7 No. 55 25 12 0 3.00 as 85 
No. 55% 25 12 Mo 3.00 ~ 141 165 meta 
No. 55 28 to30 | 8 to 10 bine i (120) 100 same 
28 to30 | 8 to 10 170 142 
18 1.0 max. (116) 100 Swag 
18 1.0 max. 160 138 
13 0.5 max. C 0.09 to 0.12 “ (39) 100 Mate 
INO, 09/74 (AS-Cast).... 13 0.5 max. C 0.09 to 0.12 oe 61 155 m 4 
35 C 0.20 (127) 100 an 
We. 35 C 0.20 142 12 ciall 
. 6 Mn 5.00 (104) | 100 ) 
4 6 Mn 5.00 155 9 descr 
19 9 Mn 2.00 (102) 100 
9 Mn 2.00 152 155 appli 
19 9 Si 2.50 (94) 100 
i 19 9 Si 2.50 119 1277 
648 
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TABLE I.—Continued 


Intended Composition, per cent® 


Saw Index? 


Nickel 


Actual 
Bismuth 
Content, 
per cent 


Compared 
to Mate- 
rials of 
Same 
Analysis 


Compared 
to 19 Cr, 
9 Ni or 25 
Cr, 12 Ni 


Wroucat ALLoys 


Cc 
Cc 
Cc 
Cc 
C 
Cc 
Cc 


Cc 


w Sow 


* Carbon, 0.08 to 0.10 per cent; silicon, 1.00; manganese, 0.80; phosphorus, 0.04, max.; sulfur, 0.03,max. Actual analyses 
of scattered heats show the compositions to be very close to those intended. 

° Saw index numbers in parentheses are calculated values; all other values are actual. The calculated values for the 
materials compared to 19 Cr, 9 Ni or 25 Cr, 12 Ni alloys were obtained by dividing the index of the Bi containing alloy by 
the index obtained when compared to materials of same analysis and multiplying this value by 100. 


0.1 per cent rouge in water on the speci- 
mens. An abrasive is necessary to 
insure reproducible results. In service, 
it is usually found that grit is present 
and initiates most galling. Load is then 
applied in set stages, until galling occurs 
or the load or torque limit of the machine 
is reached. The materials tested and 
the results of these galling tests are 
contained in Table IV. These data 
imicate an increase of approximately 
100 per cent in resistance of the bismuth- 
containing alloys under the testing con- 
ditions described. 


Weldability: 


One-inch wrought bars of 19-9 and 
25-12 containing bismuth were swaged 
at approximately 1800 F. to 3¢-in. rods. 
Using these rods as bare metal electrodes 
inan arc welder, successive layers of weld 
metal were laid on the ends of bars of the 
same stock from which the rods were 
swaged. The weld metal was approxi- 
mately ¢ in. in thickness. The re- 
mainder of the swaged rod was commer- 
cially coated. The same procedure as 
described above for the bare rods was 
applied to these coated rods. To deter- 


TABLE II.—CHARPY IMPACT TEST RESULTS. 


Composi per Impact, ft-lb. 


| Chromium 
| Average 


No. 5552.... 
No. 5553.... 
No. 5543.... 
No. 5563.... 


mine bismuth losses on weld metal 
deposited from both the bare and coated 
rods, samples for analysis were obtained 
of the weld metal, weld-base metal and 
weld metal near the base. 


Table V contains the analytical data ~ 


on the bismuth content after arc welding. 
It is obvious from the data in the table 
that the bismuth content of the weld 
metal, weld-base metal interface, and 


weld metal near the interface has been 


decreased by arc welding. The bismuth 


content of 0.06 per cent remaining in the — 


weld metal would indicate a saw index 
of approximately 110 to 115 which 
represents some increase in machinabil- 
ity. During the arc-welding operation 


| 
Drill 
sis Heat ri 
ut Chro- Other Index 
mium 
18 8 0.06, Si 0.35, Mn 0.50 100 100 
18 0.06, Si 0.35, Mn 0.50 194 134 
12 0.06, Si 0.30, Mn 0.50 100 ane 100 7 
12 0.06, Si 0.30, Mn 0.50 172 
= 18 0.06, Si 0.35, Mn 0.55 100 100 
eee 8 0.06, Si 0.35, Mn 0.55 119 ies 143 
— g 18 8 0.06, Si 0.35, Mn 0.55 100 100 a ; 
H 0.06, Si 0.35, Mn 0.: 7 
| 19 9 | 0.23 | 48% | 61 56 
25 12 None | 61 71% 65 \ 
25 12 0.21 43 494 47 P78 
152 
100 ; 
164 
100 } 
155 | 
100 
121 | 
100 
100 
109 
100 
145 
100 
16 
100 
204 
100 
165 a: 
100 7 
142 
100 
138 : : 
10 
155 
100 
112 
100 
149 
100 
155 
100 
| 
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TABLE III.—RESULTS OF SHORT-TIME TENSION TESTS AT ROOM TEMPERATURE AND 1800 F. ON 49 
PER CENT CHROMIUM, 9 PER CENT NICKEL A.C.R.I. TEST BLOCK SPECIMENS. 
All Specimens water quenched from 2075 F. 
Bismuth | 0.1 per cent | 0.2 per cent : Tensile P 
Content, | Elongation, | Elongation, P epestionsl Strength, ee 
per cent psi. | 


Room TEMPERATURE 


32 800 
33 700 


33 250 
33 300 
32 900 
Average........ 33 100 
. 5455-3A.... 
. 5455-3C 


ow 


nin & 


Se 


Yo. 5455-2B 
. 5455-2D 


Average 


lsc gles sles 


~ 


. 5455-3D 
Average 


@ Approximate value only. 


TABLE IV.—RESULTS OF GALLING TESTS ON STAINLESS STEELS. 


Galling Load, kg. 
Composition, per cent 


Test No. 1 | Test No. 2 | Test No. 3 | Test No.4 
= — 

19 Cr, 9 Ni 80 80 
19 Cr, 9 Ni 

19 Cr, 9 Ni, 0.23 Bi over 1002 | over 100 
19 Cr, 9 Ni, 0.32 Bi ee 

19 Cr, 9 Ni 0” 0 
19 Cr, 9 Ni, 0.23 Bi 15 15 
19 Cr, 9 Ni, 0.32 Bi 
25 Cr, 12 Ni 80 80 
25 Cr, 12 Ni ; 100 
25 Cr, 12 Ni, 0.30 Bi over 100 over 100 
25 Cr, 12 Ni, 0.34 Bi over 140 
25 Cr, 12 Ni 0 0 ; 

25 Cr, 12 Ni, 0.30 Bi 5 5 
25 Cr, 12 Ni, 0.34 Bi Pe 15 


@ A load shown as over a specified value indicates that galling was not obtained in the test. 
A zero value indicates that galling occurred at an unmeasurable value of 1 kg. or less. 


TABLE V.— ANALYTICAL DATA ON THE RECOVERY OF BISMUTH IN THE BASE AND WELD METAL AFTER 
ARC WELDING WITH BARE AND COVERED ELECTRODES. 


| Bismuth Content Using Bare Electrodes, | Bismuth Content Using Covered 
per cent Electrodes, per cent 
Original Composition of Base om 


and Weld Metal, per c:nt 


Base Metal | Weld Metal | weg Base Metal Weld Met 


us Near Weld plus eld 
Weld Metal | Interface Metal | weld Metal |  Interlace 
19 Cr, 9 Ni, 0.16 Bie ............ 0.11 . 0.05 
25 Cr, 12 Ni, 0.29 Bib 0.14 : q i 0.06 


¢ C 0.10, Mn 0.56, Si 0.65. 
C 0.06, Mn 0.79, Si 0.86. 


So 
at 140 I 


Wi 
ical 
corro: 
impa: 
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the 
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All 
withe 


e | 
ther 
of g 
i] 
rods 
the 
— soun 
. No. 545 23 000 73 600 70.4 
No. 545 | 23000 76 800 68.8 the 
23 000 75 200 0.6 on W 
22 000 74 500 59 73.0 
22 000 _72 500 58 71.6 
22 000 73 500 59.0 23 
19 000 68 900 58.0 | 75.1 
20 000 69 700 | 73.0 
| 19500 69 300 57.5 
1800 F. 
No. 5455-1B..........] 0.0 4200 4500 | 3000 6800 53.5 Heal 
No. 5455-1D......... | 0.0 4350 4700 3500 6800 47.5 
— 4700 5050 3000 6700 17.0 
4550 4900 3000 6700 15.5 
No. 63 
wee 4500 4800 3000 6650 8.5 No 63 
4050 4300 3500 6250 6.0 No. 63 
No. 63 
No. 63 
No. 63 
No. 63 
No. 63 
No. 63 
Heat No. 63 
— — No. 63 
No. 5388 No. 63 
No. 5553. . 
No. 5543. . 
No. 5389. weight | 
> No. 5398.. 
No. $543 Bo 
Yo. 55 
No. 53 
- . 
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there appeared to be greater evolution 
of gas when using the bismuth bearing 
rods. The weld deposits resulting from 
the use of coated rods, however, were 
sound and have been shown to be some- 
what superior in corrosion resistance to 
the casting (of the same composition) 
on which they were deposited. 


TABLE VI. 


-EFFECT OF BISMUTH ON THE CORROSION RESISTANCE IN SEVERAL ACID MEDIA. ; 
Specimens 444 in. by 4 in. by \% in., surface ground on all faces. 


of these without bismuth and with about 
0.25 per cent bismuth were subjected 
to the action of 5 per cent FeCl; + 10 
per cent NaCl for 24 hr. and examined 
for pitting. No effect of bismuth in 
increasing or reducing pitting appeared. 
The beneficial effect of molybdenum was 
not impaired by the presence of bismuth. 


Alloy Type 


Increase in Electrical Resistance, per cent® 


Nitric- 


d 
Copper Sulfate Hydrofluoric’ 


Nitric Acid? 


hr. | hr. 


144 
hr. 


24 163 


hr. 


284 
hr. 


144 
hr. 


192 


hr.| hr. 


Measured 


| Cale’d 

| Meas’d. 

| Cale’. 

| Meas’d. | 


| Meas’d. 


a 


19 Cr, 9 Ni, 0.08 C 


N 
an 


0.08 C + 


N 


"Sie 9 Ni, 0.08 C + 
| 


19 Cr, 9 Ni, 0.08 C + S 
3.0 Mo wQ 
WQ 


0 
0. 
0 
0. 
0 
0. 
0 
0. 
0 
0. 
0 
0. 
0 
0. 
0 
0. 


w 
S 


1400 
34 


te 


nan 


o 
nw 


or 


OF 
Roa 


core 
soo 
Dw 


coco 


wm 


Aw 

= 
no 

coanm 
ww 


coco ecco 
ecco secs cos 


. $a = > sensitized for 100 hr. at 1200 F. after > quench annealing. ‘The titanium heats were givena 3 hr. stabilizing treat- 


ment at 1575 F. before sensitizing. 
WQ = Water quenched from 2050 F. 
’ The first period in nitric acid was 53 instead of 72 hr. 


“Meas’d. = Measured increase in electrical resistance; Cale’d. = 


wel gh t loss data. 


“47 ml. H2SO4 + 13 g. CuSos: 5H20 per liter at boiling. 
“ Boiling 65 per cent nitric acid solution. 


* _ of nitric acid (Sp.g. 1.42) 20 per cent by volume and hydrofluoric acid (48 per cent) 4 per cent by volume 


CORROSION RESISTANCE 


_ With these indications that mechan- 
ical properties and weldability of the 
orrosion-resisting casting alloys are not 
impaired to any important degree, 
attention was turned to evaluation of 
the effect of bismuth upon corrosion 
resistance in general. 

Alloys of 19-9 and 25-12 with and 
without 3 per cent molybdenum, each 


calculated increase in electrical resistance from 


Specimens of a number of the alloys 
with and without bismuth were studied 


as to intergranular attack in three test. 


solutions, namely copper sulfate - sul- 
furic acid, nitric acid, and nitric-hydro- 
fluoric acids. Intergranular penetration 
was measured by the percentage change 
in the electrical resistance of specimens 
of uniform dimensions and general attack 
was measured by weight loss. The 
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latter figures were translated to a calcu- The resistance of the alloys to general 
lated percentage increase in electrical attack in a number of acid media was 
resistance. No effect of bismuth was determined. A few representative dat, 
shown in any case save that of sensitized from these tests are presented jp 
19-9. A few of the voluminous data on Table VII. 


TABLE VII.—CORROSION DATA FOR SELECTED ALLOYS. 


Weight Loss, mg. per sq. in. per day 


Heat | Heat Heat Heat 
No. | No. ‘ . | No. | No. , 
$543 5557 
Corrodent 
19 Cr- 
9 Ni- 
3 Mo- 
0.21 
Bi 


14% HCl—at 35 C. for 72 hr....... 
1% HCl—at 35 C. for 72 hr....... i 
5% HCl—at 35 C. for 72 hr...... 104.0 J 745.0 
HCl—at 35 C. for 72 hr. F 
10% HCl—at 35 C. for 72 hr.......] .... |] .... -O |1741.0 


3% H2SO.—at 35 C. for 72 hr. 
5% H2SO, —at 35 C. for 72 hr 
; at 35 C. for 72 hr. 

~at 35 for 72 hr.... 


at 35 C. for 72 hr. See) MER! 1460 
30% H2SOs—at 35 C. for 72 hr..... 
40% HaSOs—at 35 C. for 72 hr. 
50% H2SO4—at 35 C. for 72 hr. 
55% H2SOs—at 35 C. for 72 hr. 
70% H2SO4—at 35 C. for 72 hr. 


60% 80 C. for 72 br... 
70% HsPO«—at 80 C. for 72 hr.. .. 
85% HsPOs—at 80 C. for 72 hr.. ... 


65% HNOs~at boiling: 
First 48-hr. period 
Second 48-hr. period 


_ Glacial acetic at boiling for 48 hr... 


10% Lactic acid at 65 C. for 72hr. .. 
20%, Lactic acid at 65 C. for 72 hr. 
30% Lactic acid at 65 C. for 72 hr. 
50% Lactic acid at 65 C. for 72 hr. 


_ §% Lactic acid at boiling for 48 hr.... 
- 10% Lactic acid at boiling for 48 hr.. 


Dilute mixed acids :* 
First period of 2 hr. 
Second period of 2 hr 
Third period of 4 hr.. ielalalats 
Fourth period of 4 tava 
Fifth period of 8 hr 
Sixth period of 8 hr 


Boiling solution containing 1 part HNO; + 3 parts H2SOx diluted to 0.5 per cent acid figured as H2SOs. 


in Table VI. In the case of the sensi- decreases the corrosion resistance whet 
tized 19-9, bismuth had the effect of conditions are such that the alloys ar 
retarding the rate of intergranular at- in the active state of corrosion. This’ 
tack, as the table shows. least aogentent. When conditions art 


j which this statement is based are shown In general the addition of bismuth 
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such that the alloys are in the passive 
state of corrosion, the addition of bis- 
muth either has no appreciable effect or, 
in some instances, increases the range of 
passivity. Since many of the corrosion 
tests listed in the table were conducted 
under borderline conditions of passivity 
and activity, the results of some of them 
are not entirely consistent. 

Galvanic behavior of couples of bis- 
muth-containing and bismuth-free alloys 
was studied in various concentrations 
of HeSOy. No evidence was found of 
detrimental effect of bismuth on the 
corrosion of such couples. 

Salt-spray tests carried on for 4200 hr. 
on 19-9 and 25-12 with and without 3 
per cent molybdenum, each with and 
without about 0.25 per cent bismuth 
showed no effect due to bismuth. Sea- 
water exposure tests are under way. 
The specimens will be examined before 
the June meeting and comment then 
made on the results. 

ADDITION OF BISMUTH TO THE ALLOYS 

The experimental heats were made in 
high frequency induction furnaces. The 
bismuth was added to the majority of 
the bismuth bearing steels as a master 
alloy of nickel bismuth containing 70 
per cent bismuth and 30 per cent nickel. 
To some heats it was added as lumps of 
the granular form of the metal, as 
sodium bismuthate, as bismuth trioxide 
and as a master alloy of manganese- 
bismuth (80 Bi- 20 Mn). The master 
alloys Ni-Bi and Mn-Bi had relatively 
high melting points, and were prepared 
by simply melting the nickel or manga- 
hese in an open crucible of the high- 
frequency type furnace and then adding 
the proper amount of bismuth to the 
molten metal. Another method of prep- 
aration consisted of pouring molten 
nickel into a crucible containing the 
Proper amount of bismuth. The recov- 
ety of bismuth in both methods of 


preparation of the master alloy was 
practically complete. 

There was considerable effervescence 
when bismuth, regardless of the form, 
was added to the alloy steels. 
boiling point of bismuth is about 300 F. 
below the temperature of the molten steel 
to which it was added. This low boil- 
ing point is undoubtedly the reason for 
the effervescence. 


vescence violent if the bismuth was — 
added in small quantities. 
was noted with the furnace power on 
than when pouring the metal. Pro- 
viding the induction furnace with a cover 


top or “capping’’ the heats was benefi- | 


cial. Addition of bismuth as bismuth- 
nickel alloy minimizes fuming. When 
elementary bismuth is used as the addi- 
tion, it should preferably be in the form 
of pea-size lumps. 

The crucible used in melting the bis- 
muth-containing alloys appeared to be 
in better condition than the crucible ~ 
used in preparing the bismuth-free 
alloys after an equivalent number of 
heats had been melted in both. 


The 


All the bismuth ste 
fumed, but in no case was the effer- 


Less fuming | 


Commercial test melts show that arc _ 


furnaces are suitable for the preparation _ 


of the bismuth-containing alloys. 


BIsMUTH RECOVERY IN THE ALLOYS 


The recovery of bismuth in the 19 Cr - 
9 Ni and 25 Cr - 12 Ni is governed to : 
some degree by the time interval from 
the addition of bismuth to the pouring 
of the metal, by the method used, and by 
the amount of the addition. Consider- 
ing both foundry procedure and maxi-— 
mum recovery, the introduction of 
bismuth should be in the form of a 0.5— 
to 1 per cent addition of the master 
alloy Ni-Bi. The heat should be held 
10 to 20 min. before pouring. A 0.5 per 


cent addition of the master alloy gave ¥ 
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virtually the same bismuth content as a 
1 per cent addition. 

The recovery of bismuth in the major- 
ity of the heats melted and cast was 
approximately 0.20 to 0.30 per cent. 
The exceptions were heat No. 5568 
(15 Cr-35 Ni), in which a bismuth 
content of 0.61 per cent was obtained, 
and heat No. 5559 (0.60 Ti), which 
retained 0.38 per cent bismuth. 

Virtually the same recovery was 
noted on large induction furnace heats 
as was obtained on the smaller experi- 
mental heats. In the case of the large 
heats, capping the furnace appeared 
to be important in securing the maximum 
bismuth content. 

No loss of bismuth was noted after 
subjecting the heats to the annealing 
treatment consisting of water quenching 
from 2050 F. 

A button of bismuth or bismuth alloy 
was usually observed in the bottom of 
the crucible when the last metal was 
poured. This suggests why the bis- 
muth content is relatively independent 
of the amount added and indicates that 
mechanical or chemical agitation should 
improve the bismuth recovery. Bis- 
muth recovery is probably also affected 
by size and depth of the melt, capping, 
_ and general foundry procedure. 


METALLOGRAPHIC EFFECT OF’ PRESENCE 
OF BISMUTH 


Bismuth is, at least in part, present 
as metallic particles which appear to be 
practically pure bismuth. These hardly 
seem plentiful enough to account for the 
improved machinability, and the pres- 
ence of widely distributed, submicro- 
scopic dispersion of bismuth is suspected, 
though nothing of this sort has been 
revealed at high magnifications. The 
situation appears somewhat analogous 
to the early history of leaded steels, 
where the machine shop found improved 
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machinability, the chemical analysis 
showed lead, but metallographic exam. 
ination failed to indicate its presence, 

Tentative interpretation of metallo- 
graphic evidence to date indicates that 
the bismuth addition tends to favor the 
formation of ferrite, and there is some 
indication of increased carbon solubility 
in the presence of bismuth. The 
metallographic data will be presented in 


detail in another paper. a) 


Laboratory tests and foundry experi- 
ence of A.C.R.I. members lead to the 
conclusions that: 

Small bismuth additions to the cast 
corrosion-resistant chromium and chro- 
mium-nickel alloys with and without 
molybdenum, columbium, titanium, etc., 
materially improve their machinability, 
affect the mechanical properties im- 
portant in corrosion-resistant service 
in no important degree, improve the 
galling resistance, do not injure weldabil- 
ity, and in general exert no deleterious 
effect upon corrosion resistance to any 
corrodent so far studied. In certain 
specific cases, corrosion resistance 
somewhat improved. 

The advantage of improved machin- 
ability is gained without sacrifice of the 
important properties of these corrosion- 
resistant castings. A similar condition 
probably holds for the wrought alloys, 
but these have not yet been exhaustively 
studied. The hot working of bismuth- 
containing 19-9 and 25-12 alloys, while 
feasible, must be carried out at somewhat 
lower than usual temperatures. 

The decreased ductility in short-time 
tension tests at 1800 F. indicates that 
care will be needed as to the type of 
applications to high-temperature servict, 
but the maintained strength indicate 
that the load-carrying ability may 
satisfactory. Because the pressing net! 
for machinability is greater in the ca 
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of assemblies for corrosion resistance 
than in that of heat resistance, work to 
date has been concentrated on the 
former. 
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DISCUSSION 


Mr. F. L. LAQue! (presented in written 
form).—The authors mentioned that 
specimens of cast stainless steels with and 
without the addition of about 0.25 per 
cent bismuth were being tested in sea 
water. These tests, which were under 
the direction of the writer, were com- 
pleted in May, 1941, and represented an 
exposure test period of about 8 months. 


6 by 12 by } in. These were furnished 
with one side left as cast and the other 
machined; in addition, one-half of the 
machined side was surface ground. The 
number of pits which had started from 
the machined surfaces was greater than 
from the as-cast surfaces, but there was 
little difference in the depth of the deep- 
est pits from the two types of surface, 


TABLE I.—RESULTS OF EXPOSURE OF CAST STAINLESS STEELS CONTAINING BISMUTH _IN FLOWING 


SEA WATER FOR EIGHT MONTHS. DIMENSIONS OF SPECIMENS 6 BY 12 BY 4 IN. 


Material 


Weight Loss of Specimen, g. 


Spec. 2 


19Cr 9 Ni 

19 Cr 9 Ni, 0.25 Bi 
25 Cr 12 Ni, 3 Mo 
25 Cr 12 Ni, 3 Mo, 0.25 


34 
32 
17 

4 


* 


Pitting Data 


Material 


Maximum of Pitting, 


Average of Pits, 


19Cr 9Ni..... 

19 Cr 9 Ni, 0.25 Bi 

25 Cr 12 Ni, 3 Mo 

25 Cr 12 Ni, 3 Mo, 0.25 Bi.. 


@ 8 pits. 
7 pits. 
© 2 pits. 


The numerical results of this test are 
given in the accompanying Table I. 
They are in line with the conclusion 
reached by the authors with respect to 
other corrosive media that the addition 
of bismuth to the alloys studied had no 
significant effect on their resistance to 
attack by natural sea water. 

The specimens used in this test were 
in the form of cast plates which measured 


1 Metallurgist, Development and Research Division, 
International Nickel Co., Inc., New York, N. Y. 


The specimens were bolted to a mont 
rack from which they were insulated bj 
means of bakelite sleeves and washer 
and immersed in flowing sea water # 
an average depth of about 2} ft. at the 
plant of the Ethyl Dow Chemical ©. 
Wilmington, N.C. The average veloc) 
of flow was about 1 ft. per sec. Hor 
ever, the specimens acquired thick de 
posits of mariné organisms which tendet 
in time to reduce the true velocity of th 
water across the surfaces of the alloys 
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‘There was no evidence that the presence 
of bismuth in the alloys had any effect 
in suppressing the adherence or growth 
of the marine organisms. The season 
of exposure was from September to May 
during which the temperature of the 
water varied from about 10C. to 25 C. 
(50 F. to77 F.). 

Corrosion took the form of rather 
large and occasionally deep pits, many 
of which appeared definitely to be asso- 
ciated with subsurface porosity or actual 
voids which became enlarged as a result 
of concentration cell effects after the 
initial corrosion penetration of either the 
casting skin or the machined surface. 
However, as mentioned previously, 
neither the general appearance of the 
specimens nor the results of the weight- 
loss determinations and pit-depth meas- 
urements indicated that the presence of 
bismuth had any significant effect on 
the incidence or progress of corrosion of 
these specimens. 

Mr. F. B. Fotey.2—Confirming the 
statements of the authors regarding the 
hot rolling of these alloys, we find that 
the addition of bismuth has the effect 
of lowering the temperature at which 
hot working may be successfully accom- 
plished to not over 1900 F. Machin- 
ability tests run in a manner similar to 
that described in the paper showed 
wrought bismuth-bearing 18 per cent 
chromium, 8 per cent nickel alloy could 
be sawed as readily as selenium-bearing 
18 per cent chromium, 8 per cent nickel 
and could ee drilled much more easily. 


2 Superintendent of Research, The Midvale Co., Phila- 
delphia,Pa. 


DISCUSSION ON ADDITION OF BISMUTH IN STEELS 


Messrs. E. K. SmirH*® anp H. ¢ 
AUFDERHAAR* (by letter).—It is noted 
on page 9 that the authors come to the 
conclusion that bismuth is at least in 
part present as metallic particles of prac- 
tically pure bismuth. The authors sus. 
pect submicroscopic dispersions of bis- 
muth, although they found no evidence 
of this under high magnifications. 

It is possible that the work done by 
the present writers along these lines may 
throw some additional information on 
microstructures.® In this case, the phys- 
ical properties of the cast iron were low- 
ered enormously, and machinability, of 
course, was greatly increased. Under 
the microscope it was seen that the grains 
of iron were more or less surrounded bya 
dark-colored material, which we sup- 
posed to be some oxide of bismuth. In 
the accompanying Fig. 1 it will be noted 
that the fracture of iron has followed 
these grains. Obviously, inter- 
granular material has been very weak, 
which accounts for the loss in strength 
of the cast iron. I believe that the 
photomicrograph was at 100 diameters 
unetched. 

The accompanying Fig. 2 shows one of 
the grains at 3500 diameters. It will be 
noted that the grain is almost completely 
surrounded by some dark material, 
which we believed to be bismuth oxide 
It will be interesting to note whether in 
their continued investigation the authors 
find any evidence of such precipitation 
of oxides around the grain borders. 


4 Metallurgist, Electro Metallurgical Co., Detroit 
ich. 

4 Metallurgist, Electro Metallurgical Co., Chicas 
's E. K. Smith and H. C. Aufderhaar, “Effect of Adding 


Bismuth to Cast Iron,” The Iron Age, Vol. 128, July? 
1931, p. 96 -100. 
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THE EFFECT OF SHOT BLASTING AND ITS BEARING ON FATIGUE 


By J. M. LessELits' AnD W. M. Murray! 


The term shot blasting is applied to 
the process whereby the outside surface 
of a metal is subjected to the impinge- 
ment of iron shot. The effect of the 
chilled cast iron shot cold works the 
outer surface and also develops residual 
compressive stresses in thisregion. The 
result is that under controlled condi- 
tions considerable increase in fatigue 
life can be obtained. Subject to the 
reservations made in the paper this in- 
crease is obtained regardless of whether 
the original surface was machined. 

This fact is of considerable economic 
importance because it is generally agreed 
that unmachined forgings® suffer con- 
siderable decrease in endurance limit due 
to the unmachined surface. This de- 
crease increases with tensile strength. 
Shot blasting makes unmachined sur- 
faces stronger In fatigue. As regards 
machined rol it is well known that 
the highest fatighe strength is associated 
with the highest degree of surface finish. 
Shot blasting of machined surfaces im- 
parts an increase in fatigue strength 
without recourse to high degree of polish- 
ing. Asstated above these benefits have 
a distinct economic value. 

The shot-blasting process was possibly 
suggested by the work of Herbert*® on 


sacihssociate Professor of Mechanical Engineering, and 
Pee ag Professor of Mechanical Engineering, respec- 
Me’ Massachusetts Institute of Technology, Cambridge, 


po. Hankins, M. L. Becker and H. R. Mills, “Further 

the of Surface Conditions on the 
esis 

Inst Mast Journal, and Steel 


“cloudburst” hardening which was fol- 
lowed by that of Frye.*. The advantages 
of shot blasting had however been 
appreciated for 10 yr. prior to this latter 
publication. Zimmerli® has also made 
valuable contributions to the subject. 
The process is now widely used by certain 
industries and its application is continu- 
ally extending. Its present state of de- 
velopment must be associated with the 
names of J. O. Almen, M. Olley, F. P. 
Zimmerli, W. H. Wallace and H. H. 
Clark. 

This paper describes some experi- 
mental work which has been done on 
different steels at the Massachusetts 
Institute of Technology and discusses 
the results obtained. It is hoped that 
the paper will arouse considerable dis- 
cussion so that a better understanding of 
this important process may be the result. 


METHOD OF SHOT BLASTING 


Considerable data have been published 
on the technique of the process.> There 
are two methods in use for imparting 
velocity to the shot. The older method 
is by use of air under a pressure of 25 psi. 
and a more recent method by the use of’ 
a wheel revolving at high velocity into 
which the shot is fed. The tests de- 
scribed in this paper, except those for 

3E. G. Herbert, ‘“‘Work Hardening of Steel by Abra- 
sion,’’ Engineering, p. 470 (1927). 

4 J.H. Frye and G. L. Kehl, “Fatigue Resistance of Steel 
as Affected by Some Cleaning Methods,’”’ Transactions, 
Am. Soc. Metals, p. 192 (1938). 


6 F. P. Zimmerli, “Shot Blasting and Its Effects on Fa- 
tigue Life,’’ Preprint No. 51, Am. Soc. Metals (1940). 
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LESSELLS AND MuRRAY 
EFFECT OF SHOT BLASTING 
rface 
_potattll, _ The effect of the shot is to cold work 


the outer region of the metal and induce 


— Initially considerable compressive stresses in these 
Straight regions. 


In such a process it is of interest to 

Radius of determine the depth of the cold-worked 
Curvoture surface. Two different approaches have 
— been made. Almen used a steel strip 

¢ in. by 0.045 in. thick held in a suitable 

jig while being shot blasted on the outer 
surface. On removal from the jig the 
strip assumed a form indicated in Fig. 1, 

By removing material from the shot- 
blasted surface in successive steps and 
measuring the (p) radius of curvature in 
inches at each stage a curve could be 
plotted as shown in Fig. 2. 

After approximately 0.006 in. had been 
removed the strip assumed a straight 
form. This varied with the hardness of 
the material of which the strip was made, 
but the above depth is representative. 

A further approach by use of X-tay 
diffraction methods was made by J. T 
Norton of the Massachusetts Institute of 


Fic. 1.—Strip for Determining the Stress 
Produced by Shot Blasting. 
S.A.E. 1045, were made on material shot 
_ blasted by the latter process. The 
S.A.E. 1045 was shot blasted by air 
pressure. 
The size of the shot is important and 
_ is generally limited to 0.025 in. to 0.030 
in. Zimmerli mentions shot ¢z in. and 
¢z in. in diameter. The Eaton Manu- 
facturing Co. uses shot which falls within 
the specification of 50 per cent between 
0.032 in. and 0.023 in. in diameter and 
50 per cent between 0.023 in. and 0.016 
in. in diameter. A typical analysis is: 


re Phos- ‘ar 
Total | Graph-|siticon, Man- |Sulfur,| phor. echnology on a shot-blasted section 
Carbon,|Carbon, Carbon,| Pet |sanese,| Per | us, from a 1-in. diameter fatigue test bar, 


percent percent percent cent j|percent| cent 


§.A.E. X4340 steel, supplied by the 
| O45 | 1.80 | 0.55 | 0.15 | 046 authors. The different patterns o> 


: Pits Completely 
| Removed 


0.001 0.002 0.003 


_ Depth Below Surface , in. 
Fic. 2.—Curve Showing Depth of Shot Blasting. 
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LESSELLS AND MURRAY 
TABLE I.—ANALYSES OF STEELS. 


tained are shown in Fig.3 anda plot of 
band width is shown in Fig. 4. 

This also confirmed Almen’s work and 
it appears safe to conclude that the thick- 
ness of the cold-worked region is of the 
order of 0.006 in. 

The type of stress distribution which 
prevails after shot blasting must there- 
fore be as represented in Fig. 5. 


| 


Material 


olybdenun 


per cent 


~ 
2 | 
- 


| 
| 


Manganese, 
| Sulfur, per 
cent 
Silicon, per 
cent 
| Nickel, per | 
cent 
Chromium, 
per cent 
per 


| 
| 


a 
= 
a 
= 


A. E. 1045 10.48 |0.72,0.011,0.025 0.17 
Armco iron \0. 0.02 

S.A.E. 9260 60 1.95 | 
S.A.E. X4340 44 \0. 67/0. -012/0. -008)0. 20\1.74 0.78 


Heat Treatments 


S.A.E. 1045 (Annealed).—Heated to 1475 F. for 30 x 
and furnace cooled. 

S.A.E. 1045 (Heat Treated).—Water quenched 
1500 F. and drawn at 800 F. 

Ingot Iron.—Heated to 1700 F. for 1 hr. and furn 
cooled. 

S.A.E. 9260.—Oil quenched from 1600 F. and draws 
520 F. for 30 min. 
S.A.E. X4340. 

1150 F. 


SHOT BLASTING OF MACHINED SURFACES 


Tension and fatigue tests were made 
on a wide variety of steels for the un- 
shot-blasted and shot-blasted conditions 
which had been heat treated to different 


Oil quenched from 1500 F. and dra 


'F 


Compression 


“TE 


—~Tension 


CT OF SHOT BLASTING ON 
LE PROPERTIES. 


Z 


1S 


Surface 
Condition | 


Probable stress 


distribution across 
the diameter ofa 
circulor bor after 
shot blasting 
Fic. 5.—Probable Stress Distribution After Shot 
Blasting. 


| 


Polished . . 


Shot 
blasted . 


Tensile 
Strength, psi. 


86 700 
88 800 | 


88 100 


psi. 


46 200? | 
50 000 


47 400° 


| 


Proportional 
Limit, psi. 


40 000 
47 500 


1045 (ANNEALED) 


37 


43 


Elongation, 


per cent® 
Reduction of 


27.5 
29.5 
30.5 


Area, per cent 


ness Number 


Brinell Hard 


88 000 | 


48.000 | 29 5) 


hardnesses and machined prior to shot 
blasting. 

The chemical analyses of the steels 
investigated are given in Table I. 

The Armco iron and S.A.E.1045 were 
heat treated in bar form 3 in. in diameter 
and #in. in diameter, respectively, and 
and shot blasted. The S.A.E. 
9260 was also heat treated in bar form 
} in. in diameter and the S.A.E. X4340 
2 in. in diameter. 

The specimens of Armco iron, S.A.E. 
9260, and S.A.E. X4340 were shot blasted 
and stress relieved for 20 min. at 400 F. 
The S.A.E. 1045 was given no stress 
relief after shot blasting. 


The tension tests on the S.A.E. 1045 


Polished 


S.. A. E. 1045 (Heat 


| 152 700 


Shot 
blasted . 


rts 
Shot 
blasted 


46 500 | 

| 46.600 | 
46 400 | 
46 700 | 


Polished 


Shot 
blasted 


Polished | 145 000 | 
Shot blasted | 145 000 


117 100° | 


103 500° 
109 500” 


85 000 
60 000 
70 000 


184 000 
210 000 
210 000 
210 000 


ARMCO IRON 


23 200 


22 400 | 


23 900 | 
22.600 | 15 800 | 


S.AE. “4340 


128 500 
127 500 


18 200 
17 200 


13 900 


110 000 


19 5| $3 


112 000 | 19.5) 56 (27 


e 2 All elongations determined i in a a length equal to 


times the diameter. 
60.2 per cent set. 


© Equivalent Brinell Numbers 


from Vickers Readings 
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TABLE I1I.—FATIGUE TEST RESULTS. 


Polished Surface Shot-Blasted Surface 


Stress, 
_ | Cycles psi. Cycles 


S.A.E. 1045 STEEL (ANNEALED) 


64 400 | 7 000 broken 
20200 
59 500 

160 700 

45 100 | 666 300 

44 100 1 344 000 

43 500 | 43 300000 not 

| broken 


63 600 
700 
50 900 
47 700 
$5100 
$1 900 
99 900 
39 200 


7 000 broken 
10500 
61 200 
102 700 
191 400 
348 600 
2 086 700 
12 724 000 not 
broken 
10 000 000 not 
broken 


38 600 


S.A.E. 1045 STEEL (HEAT TREATED) 


102 700 
93 500 
200 
82 200 
81 400 
81.000 
40 700 


6 200 broken 
42300 
69200 

417900 
182400 ** 
123000 “ 
10 160 000 not 
broken 
10 148 000 not 
broken | 


105 500 
95 500 
83 700 
79 500 
76 700 
75 000 
74 000 | 


9 400 broken 
39 100 ia 
95800 
347 400 its 
543 700 vid 
201 600 “ 
11 150 000 not 
broken 
10 300 000 not 
broken 


7 800 73 500 | 


SALE. 9260 Sttico-MANGANESE STEEL (HEAT TREATED) 


171 700 | 
137 400 
137 000 


13 400 broken 

65 900 

47800 

126 200 22900 =“ 

116 300 55 700 

110900 «7524500 

109 400 102000 

18600) 11. 000 000 not 
broken 

12 090 000 not 
broken 


189 400 | 
167 800 
149 800 
141 100 
128 600 
128 300 
127 500 


9 500 broken 
52100 
305 900 


3 050 600 
2 813 200 
107 600 126 300 
124 700 
120 000 
109 100 
105 900 


4 725 700 

6 720 100 

6 788 300 

8 996 300 

16 000 000 not 
broken 


Armco 

5 600 broken 
37100 * 
211900 
1698300 
11 750 000 not 

broken 


31 700 broken 
179 200 ite 
2183600 
4 992 500 
16 328 000 not 
broken 


40 100 
32 600 
28 200 
27 100 
26 800 


S.A.E. X4340 STEEL 
41 100 broken 
273700 


43700 broken® 102 300 
119 000 85 000 
2 651 000 
e inch diameter s 


C pecimen; the other four specimens 
n diameter. 


TABLE IV. 
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and X4340 were made on standard 
0.5'+ 0.005-in. diameter bars. For the 
S.A.E. 9620 and Armco iron smaller 
specimens were used. The fatigue tests, 
unless otherwise stated, were made on an 
R. R. Moore type machine operating at 
1750 rpm. The minimum diameters 
of these specimens were 0.20 and 0.25 in. 

The curves for the elastic stages of the 
tension tests were obtained by the use 
of Martens Mirror, Huggenberger, and 
de Forest-Ruge extensometers. These 
curves are shown in Fig. 6. 

In the case of Armco iron, S.A.E. 1045 
annealed, S.A.E. X4340, and S.A.E. 
9260 there is little or no difference shown 
by the tension test for the un-shot- 
blasted or shot-blasted conditions. In 
the case of S.A.E. 1045 for the heat- 
treated condition where, due to the heat 
treatment chosen, the residual stresses 
are assumed to be high, there are some 
effects shown by shot blasting. This 
seems to indicate that the superimposing 
of a residual compressive stress on the 
outer layers by shot blasting a section 
already under residual stress due to heat 
treatment, results in a lowering of the 
proportional limit, yield point, and ten- 
sile strength. As will be seen later this 
reduction in tensile strength was not in 
evidence in the case of shot-blasted 
spring wire. 

The fatigue results obtained on each 
steel are recorded in Table III, sum- 
marized in Table IV and_ plotted 
in Fig. 7. 

In the case of the annealed S.A.E. 
1045, and S.A.E. X4340, there are 
very definite increases in fatigue life 


S.A.E. 1045 | 


ter of critical section, in. 
rpm. 
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shed surface 


39 500 
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and endurance limits by shot blasting. 0.162 in. in diameter and of the following 
The increase in endurance limit seems analysis: 
to increase with increase in hardness. 
The effect of shot blasting the S.A.E. Coton, per 
9260 increases the fatigue life, but makes 
little or no difference in the endurance Phosphorus, per cent 
limit. For the heat-treated S.A.E. 1045 Sulfur, per cent 
it should be noted that the hardness is 
greater than that which would be gen- Tension and fatigue tests were made 
erally adopted and the endurance limit on wire samples for the un-shot-blasted 
for the un-shot-blasted condition is and shot-blasted conditions, a Baby 
higher than the normal value. These Rayflex machine being used for the 
high hardnesses chosen for the abovetwo fatigue tests. The tensile strength was 
steels were selected in order to obtain a__ not affected by shot blasting and gave 
range of hardness irrespective of any values of 229,500 psi. for both conditions. 
residual stresses which might result. The The fatigue results are recorded in 
presence of these residual stresses may Table V and plotted in Fig. 8. The 
have prevented any change inendurance fatigue strength of the un-shot-blasted 
limit due to shot blasting. wire was + 72,000 psi. and this was in- 
creased to + 96,000 psi. by shot blast- 
ing. This increase in fatigue strength in _ 
bending when transformed into equiva- 
lent fatigue strength in torsion by use of 
accepted relationships agreed very well 


= —_ with fatigue tests made by the Eaton 
87 200 99000 broken | 118 700 49 000 broken 


| Manufacturing Co. on springs from the 


TABLE V.—FATIGUE TEST RESULTS ON 
UNMACHINED WIRE SPECIMENS. 


Standard Surface Finish Shot-Blasted Surface Finish 


| 
Stress, 
psi. 


Stess, 


psi. Cycles Cycles 


9 A eg A study was also made on a similar 
material of the effects of stress relieving 
broken | 95 ~ 10241 000not | after shot blasting. In every case ex- 

amined, the effect of annealing at 400 F. 

for 20 min. after shot blasting was to 
increase the fatigue life as based on the 
number of cycles. This change can be 


noted from Fig. 9. 


BLAsTING OF UNMACHINED 
SURFACES 

Shot blasting has been applied success- 
fully to certain automobile and aero- 
engine parts. For a number of years? it 
been standard practice in this APPEARANCES OF SURFACE 
country to shot blast valve springs. — : 
Extensive commercial applications for Reference has previously been made. 
the shot blasting of other springs such _the important part which well- 
is leaf springs have been made by the polished surfaces play in developing the 
Eaton Manufacturing Co. Below are full fatigue strength and the decrease 
given certain results on carbon spring Which can be expected from unmachined 
wire. In this work the authors have surfaces. The surface after shot blast- 
collaborated with H. H. Clark of that ing however is not smooth but carries 
company. very definite markings as a result of the 
The material tested was domestic wire peening action of the steel shot. 
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SAE X4340 steel 
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In those applications where shot 
blasting can be applied, it appears that 
some modification is necessary of our 
ideas regarding the necessity of ex- 
tremely high-polished surfaces so far as 
thestrength isconcerned. This does not 
mean that surfaces with large surface 
defects can be improved by the shot- 
blasting process but suggests the neg- 
ligible influence of small multinotches as 
obtained in shot blasting. 

Figure 10 shows the appearance of the 
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Nadai® points out that a classification 
can be made on the basis of whether the 
elements in which they occur are com- 
parable in size to the crystal grains, 
hence microscopic in character, or to the 
size of the stressed body, hence macro- 
scopic. Very little is known at present 
as regards the microscopic stresses al- 
though we do know that stress relieving 
of hardened and tempered steel gives a 
different form of tension test diagram 
although no structural change has taken 


surfaces of the various steels discussed _ place. 


TABLE VI.—EFFECT OF QUENCHING STRESSES. 


| Brinell Tensile | Endurance Surface 


imit. S Compres- 
| Hardness | Strength, | Limit, S Yom} 
Number S, psi. | psi. 


Ratio, 


Material | Treatment 


Normalized. 578 

Heated to 1562 F. and quenched in 
salt solution. 

Drawn at 210 F. 


0.42% C 81 000 110 000 


Normalized. 
Heated to 1435 F. 
salt solution. 

Drawn at 590 F. 


98 000 
and quenched in 


Normalized. 240 000 negligible 
Heated to 1472 F. and quenched in | 
salt solution. 


Drawn at 570 F. 


previously in this report. The differ- 
ences shown may be due to different 
hardness of the material or to variables 
in the shot-blasting operation. 


Quenching and Tempering: 


In quenched-and-tempered steels the 
macroscopic residual stresses have been 
measured. Heyn’ was the first to work 
on this subject. Using quenched cyl- 
inders and measuring the change in 
length after removing successive surface 
layers he found that the outside was in 
compressive stress and the center in 
tension. Some work has been published 
by one of the authors* on cylinders 1} in. 
in diameter by 4 in. long of 0.42 per cent 
carbon and 1.0 per cent carbon steel. 
The results are shown in Table VI. 


FATIGUE STRENGTH OF (JUENCHED-AND- 


TEMPERED STEELS 


rhe increase in fatigue strength due to 
shot blasting is held to be due to the 
ompressive stress developed in the outer 
layers. In order to ascertain whether 
such a conclusion is tenable a brief review 
will now be made of residual stresses 

§ Irom heat treatment and cold 7 Martens- Heyn, ‘‘Handbuch der Materialenkunde,” 
vork, Second Edition, p. 280, (1912); also E. Heyn, “‘Einige 
weitere Mitteilungen iiber Eigenspannungen und damit 
Fragen,” Stahl und Eisen, p.442 
(1917 

J. Lessells, “‘Fatigue Strength of Hard Steels 


Their Relation to Tensile Strength,” —— 
Soc. Steel Treating, p. 413 (1927). 


General: 


6A. Nadai, “Plasticity,” p. 20, McGraw-Hill Book Co., 
Inc., New York, N. Y. 


Itis generally recognized that these re- 
Sidual stresses are of two kinds, namely, 
microscopic stress and macroscopic stress. 


| 
a 
‘ 
2 
« 


above was compressive at the outside, 
when this was decreased by a modifica- 
tion of the heat treatment the endurance 
limit was increased even though the 
tensile strength was decreased. Fur- 
thermore, while the 0.42 per cent carbon 
steel with a Brinell hardness of 578 was 
in a highly stressed condition the 1 per 
cent carbon steel with a Brinell hardness 
of 495 had no appreciable residual stress. 
This seems to suggest some generaliza- 
tion to the effect that a steel may be 
_ heat treated to such a high hardness that 


TABLE VII.—EFFECT OF TEMPERING ON 
FATIGUE STRENGTH. 

Endur- 

ance 

Limit, 

Se, psi. 


Brinell Tensile 
Hardness Strength, 
Number _ 5S, psi. 


294 200 | 
282 000 | 
226 100 

172900 | 
148 500 


120 000 
112 000 
98 000 
89 000 
78 000 


TABLE VIII.—EFFECT OF TEMPERING ON 
FATIGUE STRENGTH. 


Tensile | Endurance Ratio, 
Strength, Limit, Se, De 
S,psi. | psi. S 


Tempering 
Temperature, 
deg. Fahr. 


900 153 000 72 000 
1000 148 000 74 600 
1100 132 000 74 000 


an abnormal condition is developed so 


that its fatigue strength may be less 
than it would be with a reduced hardness. 
Other data’ are available in the litera- 
ture on the effect of tempering on the 
fatigue strength. Moore published data 
on a 3} per cent nickel steel (Table VII). 
This was annealed, heated to 1450 F., 
and oil quenched. The series AA was 
not drawn, BB was drawn at 400 F., 
CC at 600 F., DD at 800 F., and EE at 
1000 F. 
These results indicate that as the ten- 


_* H. F. Moore and T. M. Jasper, “Investigation of Fa- 
tigue of Metals,” Bulletin No. 142, p. 55, University of 


Illinois. 


tempering temperature the endurance 
limit does not decrease as rapidly as 
evidenced by the increase in ratio x 
This increase in the value of n might 
very well be due to a reduction in residual 
stress. McAdam!® published data even 
more striking on a 33 per cent nickel 
steel. The steel was quenched in water 
from 1450 F. and tempered at 900, 1000, 
and 1100 F., giving the results shown in 
Table VIII. 

These values again show that as the 
tempering temperature is increased an 
increase in the ratio 1 is to be expected. 
In this case the actual endurance limit 
is increased. Extensive data have also 
been published by Gillett." A nickel- 


TABLE IX.—-EFFECT OF TEMPERING ON 
FATIGUE STRENGTH. 
Brinell 
| Hardness 
| Number 


Condition 


Oil quenched and drawn | 400 
Redrawn 


385 
Redrawn and slowly cooled 


365 


chromium-molybdenum steel] of analysis 
(0.41 per cent carbon, 2.49 percent nickel, 
0.79 per cent chromium, 0.76 per cent 
molybdenum gave the results shown in 
Table IX. 

These results show that the endurance 
limit and endurance ratio can be in- 
creased by a suitable tempering opera- 
tion. 


FATIGUE STRENGTH OF COLD-WoORKED 
STEELS 

A great amount of experimental data 

are available on the effect of cold work 


10 D. J. McAdam, Jr., “Endurance of Steel Under Re 
eated Stresses,’’ Chemical and Metallurgical Engineerim 
Yecember 14, 1921; also ‘“‘Endurance Properties of Stee! 

Their Relation to Other Physical Properties and to Chem: 
cal Composition,” Proceedings, Am. Soc. Testing Mats 
Vol. 23, Part II, p. 56 (1923). te 

1H. W. Gillett and E. L. Mack ‘Molybdenum, Ceres 
and Related Alloy Steels,’’ Chemical Catalog Co. (192). 

12 “Prevention of the Failure of Metals Under Repeate® 
Stress,”’ Staff of Battelle Memorial Inst., p. 182, Jo 
Wiley and Sons, Inc., New York, N. Y. (1941). 
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on the fatigue strength of steels, and 
since the mechanism of shot blasting is 
being discussed it seems advisable to 
review briefly the results which have 
been made available by various in- 


vestigators. 
Stretching: 

Moore and Kommers" investigated 
the endurance limit of a 0.18 per cent 
carbon steel after different amounts of 
cold stretching and obtained a consider- 
able increase, while Horger™ did similar 
work on a 0.48 per cent carbon steel and 
also obtained increases. 


TABLE X.—_EFFECT OF COLD STRETCHING ON 
FATIGUE STRENGTH. 


Reduction 
of Area 
Due to 

Cold 
Stretch- | 
ing, per | 

cent 


Endur- 
ance 
Limit, 
Se, psi. 


Tensile 
Strength, 
S, psi. 


Material 


increase in endurance limit by reductions _ 
from 25 to 90 per cent were found. i 
In this process, due to the fact that 
the outer layers are drawn over the 
underlying ones, the outer fibers are in a 
state of tensile stress. These investiga- 
tors also found that there is a definite 
limit to be reached in cold drawing 
beyond which the fatigue strength will ¥ 
decrease although the tensile strength 
is increased. For the 0.86 per cent 
carbon steel this point was reached at 
82 per cent reduction. A further im- 
portant point was that the endurance 
ratio was very low varying from 0.32 to 
0.22* but that it could be increased by - 


TABLE XI.—EFFECT OF COLD DRAWING ON 
FATIGUE STRENGTH. 


Reduction! 
of Area | Tensile | 
Due to | Strength, 
Drawing,| 5S, psi. 
per cent 


Material 


0.18%, C.... 0 
8 

17 to 18 
0.48% C 0 


28 000 
35 000 
41 000 


39 800 
50 000 
54 000 


| 17 to 18 


In the case of stretching it can be 
assumed that the macroscopic stresses 
are zero. Nevertheless, an increase in 
endurance limit was experienced for all 


cases. 
Cold Drawing: 


For the case of cold drawing references 
must be made to the work of Brown." 

Gill and Goodacre" also published im- 
portant results on different carbon con- 
tents for greater degrees of reduction. 
Where overdrawing was not in evidence 


tee F. Moore and J. B. Kommers, Bulletin No. 124, 
niversity of Illinois (1921). 

..'0. J. Horger, “Effect of Surface Rolling on the Fa- 
gue Strength of Steel,”’ Transactions, Am. Soc. Mechani- 

cal Engrs., p. A129 (1935). 

Pe rs M. Brown, “‘An Investigation into Some Effects of 

- Drawing on the Strength of Mild Steel,” Transac- 
i a. Engrs. and Shipbuilders in Scotland, p. 496 
). 

ti 2 42 Gill and R. Goodacre, ‘‘Some Aspects of the Fa- 
~ roperties of Patented Steel Wires,’’ Journal, Iron 

and Steel Inst., No. 2, p. 143 (1935). 


72 000 

86 000 

. 98 000 
35% 104 000 


45 000 


suitable tempering after cold drawing, 
provided that the reduction by drawing 
was less than 60 per cent. Beyond this — 
point no benefits in endurance limit or 
endurance ratio were obtained by tem- 
pering. 


Cold Rolling: 


Much work has been done on the cold 
rolling of surfaces. Féppl!’ was the first 
worker in this field to be followed later 
by Behrens.'* Peterson'? and Horger 
in this country have since made im- 
pertant contributions to the subject. 

Horger' reported for a 0.48 per cent 


* For heat-treated steels this ratio has been shown to 
have a value 0.5 to 0.4. ; 
170. Foppl, “Das Driichen der Oberflache von Bauteilen — 
aus Stahl,” Stahl und Eisen, Vol. 49 (1929). : 
18 P, Behrens, ‘‘Das Oberflachendriichen dur Erhéhung 
der Drehschwingungsfestigkeit,’’ Wohler Institut Braun-— 
schweig, Heft 6 (1930). y 
i# R. E. Peterson and A. M. Wahl, “Fatigue of Shafts a 


Fitted Members,”’ Transactions, Am. Soc. Mechanical 
Engrs., p. Al (1935). 
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carbon steel increases of 24 to 32 per cent 
in fatigue strength. The depth of the 
cold-worked material varied from 0.006 
to 0.015 in. depending on the normal 
_ roller pressure. 

In this case the stresses on the outside 

are compressive. 


Blasting: 


In the case of shot blasting a high 
compressive stress is developed in the 
outer skin. The depth affected by the 
shot blast is very small, being as pre- 
viously indicated approximately 0.006 
+ on a 1-in. diameter specimen. 


TABLE XII.—SUMMARY OF THE EFFECT OF 


VARIOUS PROCESSES. 


Depth of | Effect on 
Type of old Endur- 
Surface Stress | Working, ance 
in. Limit 


Condition 


Quenched and 
tempered Compressive 


Decrease 
4 Stretched , None 


Entire Increase 
surface 
Increase 
Increase 


Tensile 


1 Cold drawn 
Compressive 


Cold rolled 
Shot blasted 


0.006 to 
0.015 
Compressive 0.006 


increase 


Stress Versus CoLD WoRKING 


In the light of these results it is 
possible to summarize the effects of 
these various processes. This is done 
Table XII. 

As to a probable cause for the effect 
_ of such processes as cold drawing or cold 
rolling on the endurance limit there are 
schools of thought. Féppl’? 
believes that the increase is due to 
deformation of the surface and conse- 
quent hardening, while Thum”! believes 
it is due to compressive stresses in the 
outer layers. It is somewhat difficult 
to accept the viewpoint of Thum since, 
as previously discussed, in a quenched- 


*Q. Foppl and A. Thum, Zeitschrift des Vereines 
Deutscher Ingenieure, pp. 77, 1335, 1337 (1933). 

O. Foépply “Oberflachendriichen,” Mitteilungen des 
Institut (1935). 

21 A. Thum and W. Bautz, “ ‘Ursachen Steigerung 
der gedriickter Stabe,’’ Forschung des 
Ingenieurwesens, p. 121 (1935). 
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and-tempered steel high residual com. 
pressive stresses may exist if the hardness 
is carried beyond a certain limit. Under 
such stress condition the endurance limit 
value may be considerably lowered. In 
no case examined were such stresses 
found to be favorable. On the other 
hand in the case of drawn rod or wire the 
residual stresses at the outside are ten- 
sile. Nevertheless, provided no over- 
drawing exists, increase in  fatigu 
strength can be expected. Obviousl 
these occurrences which are well sup- 
ported by experimental evidence would be 
reversed if stress were the chief govern- 
ing factor, since we would expect a com- 
pressive stress on the outside to be 
beneficial in fatigue, and conversely a 
tensile stress on the outside to be detri- 
mental. 

Consideration of the these facts leads 
to the conclusion that the shot-blasting 
process produces a cold working of the 
outer surface which is the main con- 
tributing factor to increase in fatigue 
strength. Nevertheless, the results may 
also be influenced by the stress distribu- 
tion and the increase in fatigue strength 
may be due to a combination of cold 
work and residual stress. 


DISCUSSION 


In the light of the experimental data 
given in this paper and the results of 
previous work by Zimmerli, it is seen 
that under certain conditions consider- 
able increase in fatigue life and endur- 
ance limits can be expected from shot 


blasting. This is true for all the steels 
tested but in the case of those steels 
which have high residual stress due t 
quenching and _ insufficient tempering 
this increase on endurance limit may not 
be in evidence. Evidently when the 
high compressive stresses on the outside 
due to quenching have compressive 
stresses due to shot blasting superin- 
posed there is created a condition in 
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shich the cold working of the surface 
has little or no effect. At least the 
available experimental evidence seems 
to point that way. 

Previous research has indicated that a 
smooth and highly polished surface is 
necessary for high fatigue strength. 
This now requires some modification 
because in the case of shot blasting the 
surfaces are slightly roughened. 


CONCLUSIONS 


The conclusions which can be drawn 
from this work are as follows: 

1. Considerable increase in fatigue 
life and endurance limits of steels can 
under certain conditions be obtained by 
shot blasting the surface. By inference 
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similar advantages may be gained for 
metals other than steel. 

2. The increase in fatigue life and en- 
durance limits seems to be due to a cold 
working of the outer surface although the 
resulting compressive stress may be 
beneficial. 

3. There does not appear to be any 
advantage as regards endurance limits in 
shot blasting surfaces where high residual 
stresses due to quenching and insufficient 
drawing are present. 

4. The beneficial effects can be re- 
moved by annealing but annealing at low 
temperatures, provided this is not suffi- 
ciently high, is beneficial as regards 
fatigue life for shot-blasted surfaces. 
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Mr. F. P. ZimMer.i' (presented in 
written form).—The calling of the shot 
blasting process to the attention of the 
Society cannot be too highly com- 
mended, since almost everyone can use 
it to advantage. 

We agree with the authors that Her- 
bert was really the first one to call atten- 
tion to the possibilities of the process. 
It is unfortunate that his commercial 
applications were of but slight interest 
at the time. Had it been otherwise, the 
design of many parts would by this time 
be much changed and improved. In our 
own instance, we are grateful to Mr. 
Herbert for the start his paper gave our 
laboratories in the research we have since 


accomplished. 

The results that Mr. Almen obtained 
showing 0.006 in. depth of blasting effect 
seem a reasonable check with our own 
microscopic findings which we reported 
as positive evidence down to at least 


0.004 in. Below this depth we could see 
no structural difference, which does not 
mean it was absent. 

The methods of shot blasting are as 
the authors have stated. The use of 
25-lb. air pressure, however, does seem 
low. All the machines with which we 
are familiar need at least 60 lb. and even 
then are slow to produce the desired 
effect, 100 psi. being much better. 

The authors’ remarks on the effects of 
cold drawing confirm our commercial 
tests. Wire that has had over 80 per 
cent reduction since the last patenting or 
heat treatment is usually overdrawn and 


! Chief Engineer, Barnes-Gibson-Raymond, Division 
of Associated Spring Corp., Detroit, Mich. 
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worthless, even in music wire grades, |} 
is interesting to note in this regard that 
for springs made of present-day music 
wire or oil-tempered valve spring wire 
when the coiling stresses are properly 
relieved, both have equal endurance 
limits despite different tensile strengths, 
If the same wire is hardened and ten- 
pered after coiling, instead of being a 
pretempered wire, the pretempered wire 
will show a higher endurance limit. 
This is because steel is treated at the mil] 
in a continuous process. This proces 
heats the wire to the quenching tempera- 
ture, then the wire runs through oil and 
directly in the draw, which is usually 
molten lead. The material runs through 
so fast that the steel enters the draw heat 
at a temperature well up to the flash 
point of the oil. The result is a material 
with a greater reduction of area for a 
given tensile strength, or, conversely, a 
higher tensile strength for a given reduc- 
tion of area. The endurance limit 
better and so are the usual twist tests 
We believe response to shot blasting has 
been augmented and that research work 
could develop a pretempered wire whos 
response to shot blasting might be even 
better. In passing, it is interesting t 
note that pretempered wire is forbidden 
in many airplane engine valve spring. 
This often results in receiving springs n0t 
of the highest possible quality althoug) 
good enough for the performance neces 
sary. 

We are in agreement with the authors 
first conclusion, but with the second one 
we would like to ask why, if the increas 
in fatigue is only due to cold work, ¥ 
shot-blast springs used in bending on the 


com 
duc 
Roc 
thes 
rup! 
shot 
an 0 
dra\ 
blas 
othe 
fille 
its ¢ 
shou 
blas 
M 
ten 
and 
sible 
life 

whic 
has | 
alwa 
comy 
of th 
Variz 
tain 
that 
blast 


| 
ten 
> life 
is 1 
stre 
con 
Face 
not 
con 
tha 
1 seq 
see] 
and 
spo 
rate 
nee 
Pati 


perly 
rance 
tem- 
ing 4 
wire 
limit. 
e mil 
TOCESS 
1pera- 
il al 
sually 
rough 
v heat 
flash 
aterial 
for a 
ely, 2 
reduc- 
mit 1s 
tests. 
ng has 
work 
whose 
e evel 
‘ing to 
bidden 
prings. 
ngs not 
thougt 
neces 


uthors 
ynd one 


DISCUSSION ON EFFECT OF SHOT BLASTING ON FATIGUE 


tension side only for maximum fatigue 
life. In a quenched piece of steel there 
js no way of knowing the compressive 
stress distribution and in music wire the 
compressive stresses due to the dies are 
accompanied by other stresses. Can we 
not conceive of shot blasting putting in 
compressive stress much more uniformly 
than any other process listed with con- 
sequently more uniform fatigue life? It 
seems to us that both work hardening 
and the prestressed condition are re- 
sponsible as we pointed out in our paper.” 

Conclusion three is undoubtedly accu- 
rate from a laboratory point of view but 
needs, we feel, some elaboration. As a 
commercial example, our factory is pro- 
ducing certain firearm springs around 55 
Rockwell “C” scale. The fatigue life of 
these parts has been more than quad- 
rupled by shot blasting with fine (¢g-in.) 
shot. The heat treatment of the parts is 
an oil quench, followed by a 425 to 450 F. 
draw. In this instance we feel the shot 
blasting has removed sharp edges and 
other stress raisers, and rounded out 
fillets a bit in addition to any value of 
itsown. These are points all producers 
should consider in regard to the shot 
blasting process. 

Mr. H. H. Crark® (presented in writ- 
len form).—The shot blasting of springs 
and of kindred articles has been respon- 
sible for phenomenal increases in fatigue 
life and endurance limit. The success 
which has resulted from shot blasting 
has led us to conclude that the process is 
always good. We find nothing in the 
comprehensive and objective treatment 
of the subject by the authors which is at 
Variance with our conclusions; but cer- 

in of the remarks make it apparent 
that the maximum benefits of shot 
blasting are obtained only when sound 


Pp. Zimmerli, 
atigue Life,” 

* Manager, 
Ea ton | Manufacturing Co., 
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perature? 


S.A.E. 


are used. 


The data presented in the paper to 


show the comparison between fatigue 


life and endurance limit for polished and 


shot-blasted surfaces, respectively, tran- 
scend the balance of the data in timely 
importance. The infinitely greater pro- 
ductivity of the shot-blasting operation 
as compared to that of polishing should 


be given proper consideration wherever 


high-strength design problems are en- 
countered. 

The authors indicate that in the pres- 
ence of high residual quenching stresses 
shot blasting is of dubious advantage. 
A study of the data presented in Table 
VI compared with that in Table IV for 
heat-treated S.A.E. 1045 and S.A.E. 
9260 leads one to the conclusion that 
where very hard steels are concerned, an 
increase in the drawing temperature is 
more beneficial than shot blasting where 
endurance limit is concerned. This con- 
clusion, however, leads one to conjecture. 
If the increased drawing temperature is 
sufficient to relieve the residual stresses, 
would not subsequent shot blasting 


enable one to obtain a worth-while in- 


crease in endurance limit over that ob- 
tained by the increased drawing tem- 


In considering the curves shown for 
9260 steel in Fig. 6, we are 


stock and satisfactory heat treatment 


Of course, this is a matter of - 
degree, but in the final analysis, it is im- 
portant to investigate such a question. 


prompted to remark in the interest of — 


emphasis that, though the difference in 
endurance limit between the shot-blasted 
and polished specimens is of small order, 


the shot-blasted specimens have many 
times the life of the polished specimens 


at stress values above the endurance 
limit. To a 
true for heat-treated S.A.E. 1045 steel. 

Where the difference in endurance 
limit is small and other considerations 
are equal, the material and treatment 
giving the greater life at stresses above 


lesser extent the same is - 


that 
| 
OTK, we 


the endurance limit in most cases would 
be preferable. Beyond this considera- 
tion, one should recognize that a casual 
scratch may prove much more harmful 
to a polished surface than to a shot- 
blasted surface where the multinotch 
effect of the shot impressions will miti- 
gate the harmful effects of the scratch. 

In the successful application of shot 
blasting, it is desirable to provide means 
whereby as much of the shot as possible 
impinges the surface of the material 
under treatment at an inclination angle 
of 90 deg. In addition, it is well to con- 
sider the degree of impingement desired 
at various locations. Depending upon 
the design of the piece to be shot blasted, 
it is conceivable that a differential rather 
than a uniform impingement is preferable. 

As an example, in the case of valve 
springs we shot blast the springs indi- 
vidually in the successive stations of a 
conveyor arrangement which rolls the 
springs through the shot stream, the 
spring axis being at right angles to the 
major axis of the shot stream. Analysis 
of the cycloidal motion thus imparted to 


- the spring reveals that there is a differ- 


ential action of the shot stream on the 
surface of the wire. The impingement 
on the inside diameter, where the tor- 


sional stress is maximum, is substan- 


tially greater than on the outside diam- 
eter, a most desirable condition. 

Another advantage in this method for 
shot blasting valve springs is that each 
ray of shot in the shot stream at some 
point in the travel of each spring im- 
pinges the surface of the wire at 90 deg. 
This condition promotes the efficient 
use of the blast stream. The method 
also has the obvious advantage of assur- 
ing the maximum uniformity of treat- 
ment from spring to spring in a particu- 
lar lot. 

It is highly important to control the 
shot-blasting process. Test strips de- 
scribed by the authors, photographs, and 
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surface analyzers are helpful in checking 
the final results. In arriving at satisfac. 
tory results, the amount of shot used per 
unit time, the condition of the shot, and 
the amount of work must all be cop- 
trolled. Of these items we find that the 
condition of the shot is the most difficult 
to control, and we supplement the me- 
chanical arrangements for this control 
by periodic screen analyses of the shot. 

Mr. Oscar J. Horcer.*—The authors 
show how one may increase fatigue 
strength on unmachined members, but 
on machined members we are very much 
surprised at the small relative increase in 
fatigue strength or endurance limit, 
especially with the S.A.E. 1045 steel. 

There appears to be little practical 
merit in shot blasting machined plain 
specimens in view of the reported small 
increase in fatigue strength. In general, 
much greater increase in fatigue strength 
would be obtained through cold working 
by the process of running a burnishing 
roller under pressure over the member. 
This may mean that by a further study 
of shot size, shot pressure, and impinge- 
ment of shot and other factors, proper 
control of shot-blasting conditions may 
be secured for obtaining optimum fatigue 
strength. 

It was mentioned that shot blasting 
was used to increase the fatigue strength 
of crankshafts. It would be valuable to 
know what increase was obtained since 
crankshafts involve the stress concel- 
tration from fillets. It has been our 
experience that cold working of members 
with stress concentration gives larger 
increases in fatigue strength than is ob 
tained on plain members without stres 
concentration. Can the authors sub 
stantiate this statement with reference 
to shot blasting? 

One might expect the results which 
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the authors obtained on silico-manganese 
steel. The high hardness and ultimate 
strength of this material and the fact that 
the yield point is close to the ultimate 
strength would indicate a small capacity 
jor cold working. For this reason little 
increase in fatigue strength may be ex- 
pected due to shot blasting. On the 
other hand, if increased fatigue strength 
from shot blasting is a result of favorable 
surface residual compressive stresses, 
then some increase in fatigue strength 
may be expected independent of capacity 
for cold working. It would be worth 
while knowing the state of residual stress 
in the silico-manganese bars before and 
after shot blasting. Such knowledge 
may give information on the contro- 
versial question of whether the increased 
fatigue strength usually found by cold 
working is due to residual stresses or 
structural changes. The authors may 
have investigated this condition. 

Visual inspection of the line widths of 

the X-ray diffraction patterns in Fig. 3 
would seem to indicate plotted points 
different from those shown in Fig. 4. 
The width of line for 0.009 in. below the 
surface appears wider than for the line 
1.006 in. below the surface. Also, in 
view of the line diffusion near the sur- 
lace, it would be interesting to know by 
what method the authors measured 
these lines, even if a microphotometer 
was used. 
Mr. R. E. Peterson.>—It will be of 
interest to compare the manner of failure 
af shot-blasted specimens with that of 
nitrided specimens. Fatigue tests of 
nitrided specimens® have shown that 
lailure occurs beneath the nitrided layer. 
li we indicate the depth of the layer by 
and the endurance limit of the un- 
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nitrided material by o, (accompanying 
Fig. 1), then the percentage increase in 
fatigue strength which one might expect 
in an unnotched bending specimen due to 


nitriding would be: 


The above-mentioned test data® showed 
percentage increases in rather good 
agreement with the above calculation, 
although somewhat greater in some 
cases. It is suggested that similar calcu- 
lations be made for the shot-blasted 


100 


Ad, 


e 


Fic. 1. 


specimens. In the nitrided specimens 
the source of failure could be clearly seen 
as a small “‘fish-eye”’ similar to that no- 
ticed in weld tests. Did the shot-blasted 
specimens show anything similar? 

Mr. T. J. DoLan’ (by letter)—Shot 
blasting is one of several methods of sur- 
face treating metal members that is effec- 
tive in increasing their fatigue strength. 
Other processes that also involve only 
localized surface treatments but have 
been shown to improve the fatigue 
strength of steel might include nitriding, 
case carburizing, cyaniding, cold rolling, 
and flame or induction heating methods 
of surface hardening. However, shot 
blasting seems to offer a simple method of 
treatment that will produce beneficial 
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results without requiring the use of out failure than for those cases in whi — 
special steels, elaborate heating or proc- the mean stress in the cycle is a tensie § 2 sh 
essing equipment, or close mechanical stress. Hence, large residual compres where 
and metallurgical control of the treat- sive stresses should aid somewhat ; finishes 
ment. The authors are to be com- increasing the fatigue strength of th § °™™ 
mended for their further contributions member. wage 
to the solution of this intriguing problem The roughened surface shown in Fig, the rd 
of increasing the fatigue strength of 10 of the paper would normally lower the oe 
highly stressed metal members. fatigue strength of these specimens t quenck 

The writer would like to comment values considerably below the endurance ing rel 
mainly on the effects of the roughened limits obtained for polished specimens aly 
surface finish on the fatigue test results if the surface fibers were not greath om 
presented for the shot-blasted specimens, strengthened by the shot-blasting oper- jected 
since the surface pitting undoubtedly had tion. For instance, McAdam$ has shown 
considerable influence on the strengths that for steel specimens roughened on differe 
exhibited by the specimens. Perhaps the surface by small hemispherical cor. 
four interacting factors control the fa-  rosion pits the fatigue strength of the 
tigue strength of the shot-blasted speci- specimen is cut approximately in half. 
mens, namely, The writer would like to emphasiz 

1. The state of residual stress induced therefore, that even though several of 
in the surface fibers of the specimens; the shot-blasted steels did not show en- 

2. The change in mechanical strength durance limits greater than those of the 
properties of the surface metal caused by polished specimens, they did exhibit 
the cold working; much greater strength than that of un- 

3. The “stress raising” or notching polished specimens for the case of the 
effect of the indentations left on the sur- spring wire, and would also be expected 
face by the shot-blasting process; and to be greatly superior to specimens with 

4. The “notch sensitivity,” or relative ordinary machined or roughened sur- 
resistance the metal offers to the damag- faces having about the same depths oi bk. 
ing effects produced by the localized indentations as those on the shot- 
stresses developed at these surface in- blasted specimens. 
dentations. Since actual members in service are 

The authors have pointed out that rarely polished as perfectly as the boii 
item 2 above is perhaps more important standard polished fatigue specimens, we obtai 
than item 1 in increasing the fatigue never expect actual machine parts ! ne In 
strength. However, if we assume a case exhibit as great a fatigue strength 4 uvity 
for which the residual compressive stress would normally be obtained from highly Table 
existing in the surface fibers is equal to polished laboratory test specimens endur; 
the magnitude of the alternating stress fyowever, the authors’ data indicate that for tw 
superimposed by the fatigue testing i+ ne surfaces of machined parts were treatnr 
machine, the resultant cycle of stress shot blasted, we could then expect | fact th 
resisted by the surface fibers would vary sched may | 

; : obtain fatigue strengths of the finis! 
from zero to a maximum stress in com- _ polish 
members that were as high as those 

pression. When subjected to this type “ched laboratory spec 
of cyclical stress variation (or any. cycle tained from polished laboratory enoug! 
in which the mean stress in the cycle isa |§=————— in fati 
compressive stress), a metal will resist a * D. J. McAdam, Jr., and G. W. Geil, “Pitting 


Effect on the Fatigue Limit of Steels Corroded ng st 
greater alternating range of stress with- Various Conditions,” see p. 696. 
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mens. Thus it appears that shot blast- 
ing should prove useful in applications 
where it is impractical to polish the 
fnished parts carefully, and would offer 
,means of obtaining a greatly increased 
fatigue strength over that obtained from 
the relatively rough machined surfaces. 

It isa recognized fact that fine-grained 
quenched-and-tempered alloy steels hav- 
ing relatively high endurance limits nor- 
mally exhibit greater notch sensitivity 
than steels which have not been sub- 
jected to hardening operations. For 
some steels test results show a great 
difference between the endurance limits 


TABLE I. 


Endurance 

Limit, psi. — 
concen- 

| tration 

| Fac- 

| tor, K? 


Material 


Unnotched 
Notched® 


1045 + lead, cold 
. 1045 + lead, normalized 


48 000 
41 500 


19 000 
26 000 
ALE. 1045 + lead, quenched- 
and- tempered 
3140, hot-rolled 
SAE. 3140, quenched-and- 
tempered 90 000 


63 000 
64 000 


20 000 
31 000 


31 000 
* Specimen 0.40 in. in diameter, with a transverse 


drilled hole 0.04 in. in diameter. 
‘ke Endurance limit unnotched specimen 


Endurance limit notched specimen ° 


of notched and unnotched specimens, 
whereas for other steels or for other heat 
treatments only a small difference is 
obtained. This variation in notch sensi- 
tivity is shown in the accompanying 
Table I which lists flexural fatigue 
endurance limits obtained by the writer 
ior two steels subjected to several heat 
treatments. These data illustrate ‘the 


fact that even though various treatments 
may increase the fatigue strength of 
polished specimens, the increased notch 
“nsitivity in the stronger steels may be 
enough to prevent any marked increase 
in fatigue Strength of specimens contain- 


'§ Stress raisers. For instance, the 
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fatigue strength of unnotched (polished) 
specimens of the hot-rolled S.A.E. 3140 
steel was increased about 40 per cent by 
quenching and tempering, whereas the 
fatigue strength of specimens containing 
a small transverse drilled hole remained 
unchanged by this heat treatment. 
Similarly, the fatigue strength of the 
quenched-and-tempered S.A.E. 1045 
steel shown in the table was much greater 
than the fatigue strength of the same 
steel in the normalized condition. Yet 
the fatigue strength of the quenched-and- 
tempered specimens containing a notch 
was actually smaller than that of the 
normalized specimens containing a notch. 
Evidently the notch sensitivity of the 
steels tested by the authors either was 
not increased markedly by shot blasting 
or the increase in strength of the surface 
metal was sufficient to bring the over-all 
strength of the shot-blasted specimens 
with roughened surfaces up to that of the 
polished specimens. 

In connection with the tension test 
diagram shown in Fig. 6 of the paper, 
the writer would like to inquire whether 
the authors found a great variability in 
the tensile properties of different speci- 
mens of the annealed S.A.E. 1045 steel. 
In this diagram it appears that the two 
polished specimens exhibited quite differ- 
ent shapes of stress-strain curve and one 
apparently exhibited a definite yield 
point, whereas the other did not. Also 
in connection with the fatigue tests there 
was a considerable difference in the hard- 
ness of the various steels tested, and it 
would be interesting to know what rela- 
tive depth of cold working was produced 
by the shot blasting in the various types 
of steel tested, since this may have con- 
siderable influence on the results ob- 
tained. The appearance of the pits 
shown in Fig. 10 indicates somewhat 
different depths of indentations caused 
by the steel shot, and these indentations 
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in some of the softer steels may be of the © 


same order of magnitude as the depths of 
cold working reported by the authors for 
the S.A.E. X4340 steel. One would nor- 
mally expect that with materials of 
different hardness and ductility, all shot 
blasted in the same manner, the rela- 
tive depths of cold working would be 
quite different, and hence their fatigue 
strengths probably would be affected by 
different relative amounts. 

Mr. T. MCLEAN JAsPER?® (by letter).— 
This new investigation by Lessells and 
Murray suggests that shot blasting may 
be used as a substitute for polishing. If 
this is true, then it will result in a great 
reduction of expensive polishing opera- 
tions for the finishing of all but bearing 
surfaces of machinery. The reason for 
this is that it puts the surface material in 
considerable compression. Since the 
high tensile stresses of service will come 
below the surface, and since failure never 
occurs in compression but in tension 
or shear, this setting of the surface in 
initial compression has the effect of pro- 
ducing the most highly stressed zone in 
tension or shear, with no surface at all 
for breakdown. 

There is one phenomenon that the 
writer observed which would tend to re- 
duce the value of initial stresses: When 
many cycles of stress have been applied, 
it was found that internal stresses were 
very much reduced. This leads one to 
ask: “Would service fatigue, in time, 
reduce the beneficial effect of compres- 
sion and, in this manner, nullify some of 
the effects of shot blasting?” 

Messrs. J. M. Lessetis!® anp W. M. 
Murray’? (authors’ closure).—In regard 
to Mr. Zimmerli’s comments on the sec- 
ond conclusion, the authors are in agree- 
ment, but unfortunately there seems to 


__ * Director of Research, A. O. Smith Corp., Milwaukee, 
is. 

Associate Professor of Mechanical Engineering, and 
Assistant Professor of Mechanical Engineering, respec- 
tam Massachusetts Institute of Technology, Cambridge, 
Mass. 


be no simple way of determining ¢} 
relative influence between the effec: 
produced by building up a thin layer 

cold-worked material to better resist 

stressing and the change produced in the 
stress distribution due to the superimp. 
sition of compression. It does not seer 
that this would change the uniformity 9 
the fatigue life except from the point 
view of perhaps peening small surfag: 
scratches, which undoubtedly would ter 

to produce a scattering of the test result: 

Since most of the discussors make son 
comment about either the cold working 
of the surface or the presence of a surfac 
compressive stress influencing the results 
it will be well to point out that any ber 
fits which may be derived from either oj 
these effects will be dependent upon the 
stress gradient as one moves from the 
surface. In other words, one must con 
sider a race between two effects as one 
proceeds into the material (and this ap 
plies to regions of stress concentration a 
well as to uniform sections), the dissipe- 
tion of the stress and the dissipation 
any beneficial effects produced by t 
surface treatment. If the stress dis 
pates more rapidly than the strengther- 
ing, due to the shot blasting, then or 
can expect the fatigue results to | 
higher than for the corresponding | 
ished surface. These benefits may 
modified by the mode of stressing. 1 
data in the paper only discuss fatigu 
in bending. In the case of direct ! 
tigue stress, the outer compressive la 
will decrease the maximum tension 
these layers, and while for equilibru 
there must be a tensile stress on the = 
side, this, as shown in Fig. 5, may bet 
small to affect the results. Cons 
quently, shot blasting may be benel 
if the fatigue stresses are produced 
direct stress instead of bending. 

Mr. Peterson’s remarks are of $0! 
considerable significance. The relat 
he gives can now be applied to cerlé 
additional experimental data obtail 
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g the | by the authors since the paper was 
ffects written. 

yer s, = Endurance limit for S.A.E. 
st the X4340 steel, 1 in. in diameter, 
in the un-shot blasted and without 
impo- stress concentration = 
Seen + 64,000 psi. 

lity of = Endurance limit for S.A.E. 
int of X4340 steel, 1 in. in diameter, 
urfac shot blasted and _ without 
d tend stress concentration = 
esults. +70,000 psi. 

some 
orking (100) = 9.4 per cent 

_ According to Hengstenberg and Mai- 
ben laender and assuming that the depth 
we affected is 0.006 in. = 6. 

ON | 

m the (100) 100 100 

st con: d 4 1 

as 25 2 X 0.006 

7 Fracture of the tapered specimen at a 


cross-section removed from the critical 
one will change the above value very 
by t little. These results may indicate that 
the residual stress is quite an important 


ngthes factor in the improvement obtained by 


ia shot blasting. For the case of nitriding, 
a the relationship seems to agree better 
wes with experimental results. Here 6 = 
0,020 in. and = 5 per cent on 
Ge 
“fotian the basis of known data. By theory 
rect {i 100 7 
ve laver 0.75 P 
prox.) 
sion | 2 0.025 
ilibriu It should be noted, however, that 
1 the i the effect of such surface treatment 
y bet will be most beneficial where the stress 
Cons gradient is high, and consequently 
enefici: irom the point of view of increasing 
uced I latigue resistance, will be best applied to 
sections with stress concentration or to 
of so small cross-sections. This is a subject 
relati' which is obtaining some further atten- 
certal tion by the authors. 


The authors regret that Mr. Horger 
seems to be disappointed with the re- 
sults obtained from shot blasting, espe- 
cially S.A.E. 1045. It should be empha- 
sized that the purpose of the paper was 
to study the effect of shot blasting for an 
ascending order of Brinell hardness, and 
it so happened that to obtain the hard- 
ness desired: namely, 311, the S.A.E. 
1045 steel was in a high state of residual 
stress and had a hardness beyond the 
commercial range for such material. 
This does not mean that this material, 
heat treated to a lower hardness of 250, 
would not also show considerable bene- 
fits from shot blasting. Furthermore, 
the advantages of shot blasting, as 
pointed out in the paper, are not merely 
increased fatigue strength, but equal or 
increased fatigue strength at reduced 
cost, since polishing is eliminated in the 
case of machined parts. 

In regard to Horger’s comments with 
regard to the line widths obtained from 
the X-ray analysis, it should be pointed 
out that these indicate a trend and that 
the apparent variation between the lines 
corresponding to depths of 0.006 in. and 
0.009 in. is of little significance, since 
conditions at both these locations are 
approximately the same as in the re- 
mainder of the base metal. The widths — 
of the lines were measured by means of a 
microphotometer. 

In replying to Mr. Peterson’s ques- 
tion about the appearance of the frac- 
tures, it may be said that what he refers 
to as the “‘fish-eye” was also observed 
for shot-blasted specimens with both 
large and small diameters, without 
stress concentration. 

In replying to Mr. Jasper’s question, 
the authors regret that they have no in- 
formation covering tests of a duration 
much beyond 10,000,000 cycles. It 
seems that the answer can only be found 
by making some tests of very long dura- 
tion. 


FATIGUE COMPARISON OF 7-IN. DIAMETER SOLID 
AND TUBULAR AXLES 


By O. J. Horcer! A 


nD T. V. BUCKWALTER! 


SYNOPSIS 


Rotating cantilever beam fatigue tests were made on axles about 7 in. in 


diameter using steel of about S.A.E. 1¢ 


45 analysis. Comparison of axle fatigue 


resistance due to a press-fitted wheel was made between ‘‘as-forged’’ solid 
members and seamless tubes in “hot-rolled’”’ and several conditions of heat 


treatment. 
Results showed that tubular axles 


having high tensile strength values may 


or may not exhibit greater fatigue strength than those having lower physical 
properties. Observations on the effect of residual stresses are given. Some 
strength than the solid ones. 


tubular axles showed greater fatigue 


The object of this experimental inves- 
tigation was to determine the fatigue 
resistance of solid versus tubular type 
axles for railroad car service. Solid axles 
tested represented conditions of manu- 
facture, design, and material consistent 
with existing railroad specifications and 
these tests? were made for the Association 
of American Railroads under the direc- 
tion of an Axle Committee headed by 
Chairman W. I. Cantley, Mechanical 
Engineer, Association of American Rail- 
roads. The tubular axles investigated 
were of two types; one of which was 
tested with permission of A.A.R. and the 
results reported by the manufacturer*; 
the other was tested as a separate project 
in order to contribute information on 
certain questions pertaining to the 
fatigue strength of axles. 


1 In Charge of Railway Engineering and Research, and 
Vice-President, respectively, The Timken Roller Bearing 
Co., Canton, Ohio. 

_? “Passenger Car Axle Tests 544 X 10-in. Journals,” 
Fourth Progress Report, Assn. Am. Railroads, Chicago, 
April 1, 1940. 

Discussed in bulletin entitled “Tubular Railway Axle” 
issued by Pittsburgh Steel Co., Pittsburgh, Pa. (1940). 


Some apparent engineering advantages 
of tubular over solid axles are: 

(a) Lower weight--about one-third 
less. 

(b) Less unsprung weight which re- 
duces impact stresses. 

(c) Thin sections may offer better op- 
portunity for heat treatment and the 
retention of favorable residual stresses 

The work reported here is concerned 
with the fatigue strength of the axle in 
the portion where the wheel is pressed on. 
The large stress concentration introduced 
in the axle at the position where the 
wheel is mounted results in greatly re 
duced axle fatigue resistance and 4s 4 
consequence much research is in progress 
in an attempt to improve this weakness. 

Axles tested represent specimens which 
could be applied to a car. The test o! 
full-size members gives direct data beat- 
ing on the questions of processing condi 
tions, size effect, residual stresses, and 
variables associated with large members 
which become factors of unknown influ- 
ence when scale-size specimens are tested. 
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TABLE I.—CHEMICAL COMPOSITION AND PROPERTIES OF SAMPLES OF THE TEST AXLES. 


Chemical Composition, per cent 


Carbon 


Sulfur 


Silicon 


Solid 
Tubular Axle A 
Tubular Axle B 


0.48 to 0.52 
0.37 
0.50 


0. 
0.80 
0.73 


PHYSICAL PROPERTIES. 


Yield strength, psi.? 


Tensile psi. 


Reduction o 
rcent 


area, 


Elongation, per cent. 


Brinell hardness 
(end tensile speci- 


men) 
Izod impact, ft-lb... 


Solid Axle 


Tubular Axle A 


Tubular Axle B 


Diameter 
y 2 in. Gage 
Length Midway 
Between Center 
and Outside 
Diameter 


Sub-size Specimens 4 in. Diameter by 1 in. 
Gage Length 


¥ in. Diameter by 2 in. Gage 
Length 


Center of Wall Thickness 


Outside 


Inside 
Diameter 


Diameter 


Hot Rolled 


Water 
uenched 
and Tempered 


44 500-65 000 
90 500-107 000 


24.8 to 39.1 
16.0 to 24.0 


179 to 212 
7.0 to 15.0 


82 700-93 900 
113 200-115 100 


73 600-87 700 
109 100-113 100 


42.9 to 45.0 
20.0 to 21.0 


40.8 to 42.8 
19.0 to 20.0 


229 to 335 223 to 235 


61 000-63 500 
103 500-106 000 


41.9 to 42.2 
22.0 to 23.0 


183 to 192 
13 to 16 


72 000-81 000 
119 000-120 000 


47.2 to 50.6 
20.5 to 21.5 


217 to 223 
17 to 23 


* A.A.R. Specification M-101-36, grade B, Manual of Standard and Recommended Practice, Assn. Am. Railroads | 
Mechanical Division, Chicago, Ill. (1936). 
Determined by drop-of-beam method. 


Tubular axle—type B. 


Fic. 1.—Three Types of Axle Tests. 
—— 


| 
| Manga- Phos- Chro- | | 
0.018 | 0.09 | 0.08 | 0:020 | 0.26 
0.017 0.25 0.13 0.015 0.27 
— 
02 000-103 900 
46.9 to 53.1 
217 
third 
r Op- 
| the 
Solid type axle conventionally used. 
4, 
as a 
gress Tubular axle—type A. 
| 
yhich 
st of 
bear- 
4 
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influ- 


MATERIAL shows the chemical analysis and physical found 


Axles from three materials were tested Properties of samples of the test axle, J oT As 

_ where the analysis conformed essentially References covering the material in the § V&" 
to S.A.E. 1040 and 1045 steels. Table I wheels mounted on the test axles ar Sere 
35 to 

TABLE II.—RESULTS OF FATIGUE TEST. hub f 


| Calculated Axle | outsid 


Wheel Mounting Conditions | ee | Axle Life AXLE 


psi. 


Remarks as to Axle Cor Des 
Wheel Hub | | | | dition in + nar Fit After Figs 
4 | Equiva- est® 

Wheel Fit! Tee. | Solid | Hollow Revolu- |tent miles axle 
é nage e e On 36-in. 

| = millions | ‘Wheels being 


axles, 


Stand, in. 


CONDITION invest 


.0077 85 19 000 | 14460 Broken one € 
.0082 95 | 19000 3130 | Cracked 0.200 in. deep (79 usual 
per cent) ‘ 
0077 120 17 000 ane D. | 19450 | Broken rim 0 
-0072 95 15 000 er 65 125700 | Broken | 
‘0077 | «125, «15000 | |. ‘ 71700 | Broken of at 
.0075 95 13 500 150000 Cracked 0.015 in. deer 
per cent) testin 
.0075 13 500 re Bx 150000 | Cracked 0.027 in. dee 
ing t 

per cent) 5 
0085 f 13 500 er of 305 000 «= Cracked 0.023 in. deep (25 Table 
per cent) 
.0087 13 500 70. | 304000 | Not cracked lead 
.0075 105 12 000 new’ od 150000 | Not cracked 
0085 00 272 000 | Not cracked axle 
.0082 85 12 000 > 306000 Not cracked mour 


i 
i 
y 


A—WATER QUENCHED ON OuTSIDE DIAMETER AND TEMPERED 


.0073 70 | 30000 32 100 0.29 5 Not cracked? 
; 0070 85 19 000 20 100 87.2 | 1555 Cracked 0.033 in. deep (55 ) 
| per cent) Pr 
.0075 75 17 000 18 200 88.0 156700 | Cracked 0.013 in. deep and 
0065 75 17000 | 18100 88.8 | 158400 | Cracked (Fig. 7) and | 
-0070 65 15 000 16 100 87.1 155500 | Cracked vious 
.0077 75 15 000 16 000 87.7 156 300 Cracked 0.024 in. deep " 
.0055 70 | 13500 14 450 88.5 | 158000 Not cracked Tu 
-0069 90 13 500 14 350 88.5 | 158000 | Not cracked wae 
.0060 80 12 000 12 800 84.7 151000 Not cracked i, in 
.0067 80 12 000 12850 | 84.7 | 151 000 Not cracked Pilve 
5 
he: ness 
1 | 0.0080 | 80 | 19000 | 21700 1.07 | 1910 | Broken _ obtai 
13 0.0113 90 17 000 19400 | 0.68 | 1210 | Broken (Fig. 6) 


AxLeE B—Hot-RoLtep CONDITION 


0.0115 | 110 | 13500 | 15300 6.90 12300 | Broken the r 
0.0103 95 12 000 13 500 18.01 32 100 In test 


B—Water QuencHeD ON Outsipe DIAMETER AND INSIDE DIAMETER AND TEMPERED _ 


| 0.0115 | 100 | 19000 | 21500 0.40 | 708 | Broken axle 
0.0120 | 115 | 13500 | 15200 4.87 | 8690 Broken H 
0.0107 | 103 | 12000 | 13700 | 4.20 7480 | Broken eat 


HoLiow AXLE B FLAME HARDENED SEAT ONLY 
tube 


0.0163 | 120 | 19000 21 600 | 158 700 | Not cracked 
0.0123 | 150 | 19000 | 21500 } 175 500 | Not cracked 
% | 0.0140 | 90 22000 | 25180 | 5. | 152 600 | Not cracked 


“ Figure in brackets following ‘‘cracked’’ indicates percentage of the circumferential length of wheel seat wh 
fatigue cracked by one or more disconnected short cracks. Depth of crack was measured where it was believed t 
maximum. 
6 Broke in body portion of axle, outside of wheel fit where surface is not machined, at calculated bending stress 9? 
psi. 
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found in A.A.R. Specifications M-107-36* 
or A.S.T.M. Specifications for Multiple- 
Wear Wrought Steel Wheels (A 57 — 39). 
Scleroscope hardness of these wheels was 
35 to 37 as measured on the end of the 
hub face midway between the bore and 
outside diameter of the hub. 


AxLE AND WHEEL ASSEMBLIES TESTED 


Design of members tested is shown in 
Figs. 1, 3,4, and 5. One design of solid 
axle conventionally used on some new cars 
being built and two designs of tubular 
axles, types A and B, are reported in this 
investigation. A wheel is press fitted on 
one end of the axle in accordance with 
usual railroad mounting practice and the 
rim of this wheel also serves as a means 
of attaching the axle assembly to the 
testing machine. Wheel fits and mount- 
ing tonnages on axles are detailed in 
Table I]. A definite mixture’ of white 
lead and linseed oil was painted on the 
axle and wheel bore’ previous — to 
mounting. 

AXLE PROCESSING 

Processing details as to rolling, forging, 
and machining of solid axles were pre- 
viously published.* 

Tubular axle A was formed from a 
ij in. outside diameter tube, made on a 
Pilger mill, having a nominal wall thick- 
ness of 1 in. Each end was upset to 
obtain a nominal 13-in. wall thickness in 
the region of the wheel fit and particu- 
larly at the location of the inside end of 
the wheel hub face. Diameter of the 
ixle was turned to 7 in. at the wheel fit. 
Heat treatment consisted of water 
quenching only on the outside of the 
lube. This was followed by drawing 
at 600 F. 


Manual of Standard and Recommended Practice, 
Am. Railroads, Mechanical Division, Chicago, Hl. 


39 Book of A.S.T.M. Standards, Part I, p. 201. 

: ). J. Horger and H. R. Neifert, “Fatigue Strength of 
uned Forgings 6 to 7 in. in Diameter,” Proceedings, 
Soc. Testing Mats., Vol. 39, p. 723 (1939). 


Tubular axle B was machined from a 
7%-in. outside diameter tube, made on a 
Mannesman mill, having a nominal wall 
thickness of 12 in. with no intermediate 
forging or forming operations. Some of 
these axles were tested in the (a) hot- 
rolled condition; (6b) normalized at 
1650 F., reheated to 1500 F. and 
quenched in water for 6 min. with the 
ends of the tube partially capped which 
limited the flow of water through the 
bore, and then tempered at 1050 F. and 


ic. 2.—Method of Flame Hardening Axle. 
allowed to cool in still air; and = (c) 
normalized at 1650 F. and the wheel seat 
only flame hardened. 

Flame hardening of the wheel seat sur- 
face was accomplished’ by rotating the 
axle at 110 rpm. in a field of four equally’ 
spaced flame hardening heads as shown 
in Fig. 2. Heating time varied from 
2 min. to 2 min., 30 sec. after which the 
surface was water-spray quenched and 
then drawn in oil at 350 F. for 1 hr. 
Scleroscope surface hardness was 30 


7 Flame hardening done by Linde Air Products Co. 
under direction of H. V. Inskeep. 
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before flame hardening and varied from 
50 to 70 after flame treatment. This 
surface was ground for the wheel fit 
removing about ,'5 in. on the diameter 
but the hardness of this ground surface 
was not measured. 


Test CONDITIONS 
These fatigue tests were made on large 
double-end rotating cantilever beam 
machines previously described. The 
speed of test was 1450 to 1500 rpm. for 
both solid axles and type A tubular axles 


KEY 

@ AXLE BROKE oFF O AXLE CRACKED 
EQUIVALENT MILES 3000 $000 
ON 36” WHEELS 500 000 | 4000! 


1000 
40000 


where the symbols are all shown in Fig 
3, 4, and 5 except for Z which is the ax 
section modulus at the wheel seat. The 
bending stress for the case of the tubulz; 
axles is given in Table II for the sectig, 
modulus of the axle considered as pot} 
a solid section and the actual hollow se 
tion. This procedure is done for co; 
venience in comparing the solid a 
hollow axles discussed later. 

The endurance limit values are base 
on 84.3 million revolutions which ; 
equivalent to 150,000 miles on 36-in 
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while type B tubular axles were tested 
on a larger machine operating at 600 to 
800 rpm. The nominally calculated 
maximum bending stress as it is dis- 
tributed over the length of the test axles 
is shown adjoining the axle sketch in 
Figs. 3, 4, and 5. 

Axle bending stress values, S, given 
throughout this paper refer to the stress 


as calculated by the elementary beam 


formula: 


S-N Data on Solid Type Axles. 


diameter wheels. The arbitrary practice 
is followed of establishing the enduranc 
limit as a stress 1000 psi. below the lowes! 
stress at which any axle broke off an 
1500 psi. below the lowest stress at which 
fatigue cracks were found to initiate. — 

A total of 32 axles was tested of whic 
12 were of the solid type and 20 were hol- 
low axles. Results of these fatigue te" 
are shown in Table II. These data ar 
plotted in the usual S—N curves of Figs.’ 
4, and 5 on the basis of the stress bell! 
shown as though the hollow axles he! 


solid sections. 
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Fic. 4.—S-N Data on Tubular Axles Type A. 


_ Stress given on basis of solid section —see Table II and text for stress in tubular section. 


HOT ROLLED men WHEEL Q_| WHEEL STILL 

QUENCHED & TEMPERED FIT Fit Fit Nor TEST OR 

FLAME HARDENED A} BROKEN A} CRACKED 4, | CRACKED NOT EXAMINED 
EQUIVALENT MILES 1000 3000 5000 15 000 25 000 75 000 150 000 $00 000 


ON 36”WHEELS 500 2000 | 4 000! 40000 '!20000 $0000 {100000 | 300000 | 
40000 + T T T 


+ 


sTRESS, P St 


yractict 
luranet 
lowes! 
off and 
t whic! 
ite. 

f which 
ere hol: 
ue tests 
lata are 
Figs. 


_ Fic. 5.—S-N Data on Tubular Axles Type B. 
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Stress given on basis of solid section—see Table II and text for stress in tubular section. 
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Fic. 6. Tubular Axle Broken Off in Wheel Fit (Axle No, 373). 


f 

Fis, 8 

L 

As 

_ Fic. 7. Wheel Seat of Tubular Axle After Test and with the Wheel Pressed Off for Magnallu lests | 
Examination. Note numerous short failure fatigue cracks included within marked regions of whee! ing th 


fit (Axle No. 14). 
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Typical failed hollow axles are shown _ that the stress limits are given on the 


in Figs. 6 and 7 and photomicrographs of _ basis of considering the tubular axles as 


most materials tested are shown in Fig.8. having solid sections. This considera- 


(a) Solid axles as forged (No. 3 B-1). 


) Tubular axle type B, hot rolled (No. 371). (d) Tubular axle type B, quenched and tempered (No. 376). 
5.—Photomicrographs of Longitudinal Section of Various Test Axles Taken at Wheel Seat 
Surface (100). 

Discussion or Test RESULTS tion is reasonable and necessary for com- 


A summary statement of all fatigue Parison purposes if we assume the axle 
sts is presented in Fig. 11. In study- forces produced in service to be the same 
g this figure it is important to recognize whether a hollow or solid axle is used. 


gallus 
yf whee! 


gv 
{ange ar/g facKs 
Creck Axle O.D ) 
ee (b) Tubular axle type A, quenched and tempered (No. 144). ‘ 


Therefore Fig. 11, besides indicating 
endurance limit values, also expresses the 
comparison of the load-carrying capaci- 
ties of the wheel seats of the various 
axles when the solid and hollow axles 
have the same outside diameter. 

No evaluation can be made, from the 
type of fatigue tests reported here, as to 
the influence that the lower unsprung 


TYPE A AXLE 
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peated stressing. It has been known for 
some time that residual compressive 
stresses on the surface of members, with 
or without stress concentration, obtained 
by cold working leads to improved 
fatigue values over parts not cold 
worked. 

An attempt was therefore made t 
obtain an indication of the presence of 


pincs cur Here? 


= 


TYPE B AXLE 


Fic. 9.—Location of Rings Cut Out of Tubular Axles. _ 


weight and changes in axle rigidity of the 
tubular over the solid axle would have 
on the impact stresses in the axle in 
service. 

The exact reason for the large dif- 
ferences in fatigue values exhibited for 
the various axles in Fig. 11 is not always 
apparent, but the following discussion is 
presented. 


Residual Stresses: 


Biihler and Buchholtz* have made an 
investigation of interest in connection 
with these axle tests in that they corre- 
lated fatigue values of plain specimens 
with the magnitude of residual stresses 
present in their test members. Briefly 
summarizing some of their results they 
found that (a) initial compressive stresses 
on the surface gave an increase in fatigue 
strength over the case of no residual 
stresses, (b) initial tensile stresses on the 
surface gave a lower fatigue strength 
than the case of no residual stresses, 
(c) favorable residual stresses could be 
obtained by heat treatment with little 
change in the tensile strength of the 
material, and (d) the magnitude of initial 
residual stresses is decreased due to re- 

8H. Bihler and H. Buchholtz, “Effect of Residual 


Stresses on the Bending Fatigue Strength,” Stahl und 
Eisen, Vol. 53, p. 1330 (1933) 


14A 18 No. 372 375 


TABLE III.—INDICATION OF RESIDUAL TAN 
GENTIAL STRESSES IN SEVERAL TUBULAR 
AXLES. 
Tubular Axle 
Type B 


| ‘Tubular Axle 
Type A 

Wate r 

Quench 

Water Quenched on Outs 
on Outside Hot | Diameter 
Diameter and Rolled and Inside 
Tempered Diameter 

and 
Tempered 


Decrease in aver- 
age diameter of 
ring after split-| 
ting, in. | 0.0328 
Axle stress, psi. | 
Section Con- | 
sidered as: 
Solid 15 000 
Tubular. . 16 000 
Revolutions, mil- 
lions 87.7 87.9 1.07 4.87 
Remarks about 
axle wheel fit 
after fatigue 
Cracked | Cracked  Broken| Broken 
0.024 in.|0.013 in. 
deep deep 


0.0343 | 0.0034 | 0.0053 


17 000 
18 200 


19 000 135 
21700 | 152 


residual tangential stresses in several o/ 
the tubular axles tested. Transverse 
slices about 1 in. thick were cut out o 
several tubular axles and split as show! 
in Fig. 9. A decrease in diameter of the 
rings is considered an indication of tat- 
gential compressive stresses at the sut 
face of the tubes. Results in Table Il 
indicate that type A tubular axles had 
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much higher residual compressive 
stresses than type B, and this condition 
may be responsible for their better per- 
formance. Also on other tubular axles 
tested, but not reported here, the diame- 
ter of the rings increased a measurable 
amount indicating residual tensile 
stresses on the surface. These latter 
axles exhibited considerably lower fatigue 
strength values than the type A axles. 
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may be expected to be larger than is 
apparent from Table III; in the case of 
type B axles less change between the 
actual and measured values may result. 
While only a qualitative measure of the 
residual tangential stresses is given in 
Table ILI, it is equally if not more impor- 
tant to also measure the longitudinal 
stresses. Such heat treatments as were 
used here, however, which produce re- 
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TUBULAR 


AXLE TYPE B 
QUENCHED ANDO TEMPERED 


TUBULAR AXLE 
TYPE B-HOT ROLLED 


EQUIVALENT BRINELL HARONESS-VICKERS, 20-KG. LOAD 


SOLID AXLE-AS FORGED 


TUBULAR AXLE TYPE A 
QUENCHED AND TEMPERED 


| 


0.2 04 0.6 068 10 


12 1.4 16 1.68 20 22 24 


DISTANCE FROM OUTSIDE DIAMETER, IN. 


Fic. 10. 


The above qualitative study of re- 
sidual stresses was made on the tubes 
alter their fatigue test because of a short- 
age of specimens but such analysis 
‘hould be made on members before the 
atigue test for the reason mentioned in 
above. It was necessary to take the 
slices from the type A tubes from a 
region of the axle subjected to much 
higher stresses than was the case for the 
B axles as indicated in Fig. 9. For this 
reason the residual stresses for the type A 
axles, if measured before fatigue test, 


Hardness Curves Through Axle Sections. 


sidual tangential compressive stresses at 
the surface are often accompanied by 
longitudinal compressive stresses. Fur- 
ther investigation is under way to obtain 
accurate determination of residual 
stresses in all three planes and the above 
observations are given only as_ in- 
formation. 

Hardness survey through several tubu- 
lar sections is typically represented in 
Fig. 10, and the hardness gradient may 
have some significance as to the presence 


of residual stresses. 
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Hot-ROLLED versus (JUENCHED-AND- 
TEMPERED TUBES 

While complete S—N curves were not 
obtained for type B tubular axles it is 
interesting to note from Table II and 
Fig. 5 that the hot-rolled tubes gave at 
least as long a life in the region tested 
above the endurance limit as similar 
quenched-and-tempered axles. In fact 
Fig. 5 indicates the possibility of a lower 
endurance limit value for the latter 
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HorGER AND BUCKWALTER 


(c) and (d) are of interest in this con. 
nection. 


-Fiame-HARDENED AXLES 

Fatigue tests on scale-size axles 2 jn, 
in diameter were previously® published 
showing that large improvements in 
axle fatigue resistance could be obtained 
by flame hardening the wheel fit portion 
of the axle. While the tests reported 
here on the three full-size axles tested are 
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Summary of Endurance Limit Values. 


Stress given here on basis of solid sections so as to express comparison in load-carrying capacities of solid and! 
axles having same outside diameters. Stress for actual hollow section tested is about 7 per cent greater than is sho 


type A tubular axle and 14 per cent for type B 


Dotted portion of diagram shown for comparison purposes and data taken from previously published data? fora 
shape shown and 0.47 to 0.54 per cent plain carbon steel in ‘‘as forged”’ condition. 


treatment except that the number of 
tests made were not sufficient to estab- 
lish an endurance limit for 84 million 
stress reversals. From a comparison 
of the physical properties (Table I) and 
hardness curves (Fig. 10) of the 
quenched-and-tempered tubes with the 
hot-rolled the former treatment may 
be expected to render greater fatigue 
resistance than the latter, which was 
not in accordance with the findings. 
Comparison of micrographs in Fig. 8 


not many in number (Table II and Fig 
5) the available results tend to confim 
those found in the earlier investigation 
of 2-in. flame-hardened members. Fig 
ure 11 shows that of all the axle tests 
reported here the highest fatigue resi 
tance to the initiation of fatigue cracks 
in the axle wheel fit was obtained with 
the flame-hardened axle wheel seat. 


9. J. Horger and T. V. Buckwalter, “Fatigue Stren 
of 2-in. Diameter Axles with Surfaces Metal Coated 
Flame Hardened,” Proceedings, Am. Soc. Testing Mats. 


Vol. 40, p. 733 (1940). 
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CRACK DETECTION 


The method used to determine 
whether fatigue cracks are present in 
the axle wheel fit following the repeated 
stressing is important because it deter- 
mines the endurance limit value at which 
fatigue cracks will not initiate. Ex- 
amination of all axles reported here was 
made by the dry magnaflux method 
with magnaflux equipment type KR3 
operated at a maximum of 3000 amp. 
current and using No. 1 white powder. 

The wet method of magnaflux exam- 
ination is more sensitive than the dry 
system and instances are known where 
the latter procedure revealed the pres- 
ence of cracks } in. long by ¢@¢ in. deep 
which were not found by the former 
method. Even the use of the wet 
method leaves some question as to 
whether the indications of cracks ob- 
tained by this procedure are actually 
fatigue cracks. This question arises 
because the region of the axle wheel 
fit in which fatigue cracks develop 
presents a roughened surface along with 
asluffing and scoring of metal due to the 
minute working of the wheel on the 
axle. Observations with a microscope 
are of some assistance but not positive. 
A simple expedient in the case of these 
test members would be to etch the sur- 


face and the presence of cracks will be 
revealed. This etching, however, is 
not always looked upon with favor. 
For this reason pieces may be cut out of 
the axle where crack indications are 
found by the wet method and micro- 
graphic examination made to determine 
whether cracks are actually present. 
Such a procedure was not followed in 
these tests in order to establish the 
endurance limit value. a 


CONCLUSIONS 


Tests reported here represent a prog- 
ress report on the study of the fatigue 
strength of the wheel-fit portion of 
railroad car axles. Figure 11 shows 
that tubular axles may be made which 
will have greater fatigue resistance 
than solid axles of the type now being 
used in railroad service. Sensitivity of 
crack detection method used to examine 
the axle after test is important in es- 
tablishing fatigue values given in this 


Appreciation is expressed here to 
H. R. Neifert of the Timken Research 
Laboratory forcarrying out these fatigue 
tests. 
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DISCUSSION 


Mr. L. B. Jones! (presented in written 
orm).—-This paper makes another valu- 
able contribution to our information on 
the accelerated fatigue behavior of axles. 
The effect of initial compressive stresses 
in the surface of the wheel fit, whether 
produced by the forging operation, by 
cold rolling, or by flame hardening, seems 
to be quite well established so far as this 
form of fatigue testing is concerned. 
Just how such surface treatment will 
affect the impact strength is not so fully 
established. 

In ordinary forgings the relation be- 
tween the tensile and impact properties 
of the material is pretty definite, so 
much so that the impact test has fallen 
into disuse, and many metallurgists feel 
that the drop testing of axles could be 
discontinued with impunity. ‘This test 
was introduced for the purpose of guard- 
ing against high residual forging stresses. 
It is generally recognized that cold work- 
ing, or any other form of residual stress 
in the material, has an adverse effect on 
impact strength, particularly at reduced 
temperature. On a railroad, the neces- 
sity for the use of material which will 
withstand moderately low temperature 
without serious loss of strength is always 
present. 

In addition to their study of the 
tubular axle, the authors make reference 
in this paper to previous experiments 
with a metallized sleeve at the wheel fit. 
It is to be hoped that they will be able to 
supplement their further experiments 
with tubular axles by tests with metal- 


1 Engineer of Tests, Test Dept., The Pennsylvania 


Railroad Co., Altoona, Pa. facturing Co., East Pittsburgh, Pa. ces 
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lized sleeves on full-sized axle specimens, 
This method of improving fatigue life, 
if successful, has the advantage that it 
does not involve localized changes in 
the material structure of the axles. 
Mr. R. E. Petrerson.2—The authors 
call attention to an interesting com- 
parison of quenched-and-tempered and 
hot-rolled materials for a case (tubular 
axles B) where residual stresses have 
been shown to be practically absent. 
The former gave better physical prop- 
erties as shown by tension and hardness 
tests but the latter gave better fatigue 
strength when tested as a_press-fitted 
axle. The authors also state that the 
micrographs of Fig. 8 (c) and (d) are of 
interest in this connection. The hot- 
rolled material is quite coarse grained 
while the quenched-and-tempered ma- 
terial is very fine grained. ‘The latter 
condition is generally associated wit! 
higher sensitivity to stress concentration 
It is suggested that to test this effect by 
itself, completely apart from the axle fit 
problem, two series of 0.3-in. diameter 
beam specimens be made up from the 
above two materials: (1) conventional 
specimens, (2) specimens with a circum- 
ferential groove of about 3'3-in. contour 
radius. With conventional specimens 
the quenched-and-tempered material wil 
show a decidedly higher endurance limit, 
but with the grooved specimens the 
endurance limits will be closer together, 
and the hot-rolled material may actually 


2 Manager, Mechanics Division, Westinghouse 
search Laboratories, Westinghouse Electric and 
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_ DISCUSSION ON FATIGUE 


appear to account for the difference of 
results of tubular axles of type A and B. 
The remarkably high endurance 
strengths obtained under special con- 
ditions should be of considerable en- 
sineering importance. 

Mr. O. J. HorGer.*—The discussion 
by Jones raises the question as to the 
possible adverse effect on impact strength 
resulting in axles from surface treat- 
ments and residual stresses described in 
this paper. As stated by Jones, the 
customary drop test made on full-size 
axles has fallen into disuse; in this 
connection it should be noted that 
impact tests made on Izod specimens 
machined from full-size solid axles 
give a wide range of impact strength 
values (5 to 25 ft-lb.). There is no 
evidence that axles having low impact 
values give less satisfactory service 
operation than axles having high impact 
values. There is definite evidence from 
axle fatigue tests indicating no correla- 
tion between Izod impact values and 
fatigue strength determined for full- 
size axles. 

| would appear that there is little 
or no engineering evidence to establish 
the need for impact strength in axles. 
This statement could possibly be ex- 
tended to apply to rails. The heavy 
old working of the surface of the rail 


*In Charge of Railway Engineering and Research, The 
timken Roller Bearing Co., Canton, Ohio. 


COMPARISON OF AXLES 695 
head in service produces residual com- 
pressive stresses which are apparently 
beneficial rather than detrimental to 
rail life. It would therefore appear 
from inference that the proper kind of 
residual stresses in axles would not be 
dangerous from the standpoint of impact. 

A different type of small specimen 
than that suggested by Peterson is now 
under fatigue test; 1/25 scale size axles 
are being machined for fatigue test 
from the full-size axles. In this way 
the influence of both stress concentration 
and rubbing corrosion in the wheel fit 
will be determined for these small 
specimens. It is hoped that when 
these tests are completed some addi- 
tional data will be available as to the 
effects of size, structure, and residual 
stresses upon fatigue strength. 

Some precautions must be taken when 
small specimens are machined from 
full-size members having noticeable hard- 
ness gradient as shown for the treated 
axles in Fig. 10. In such tests it would 
be necessary (/) to mark the side of 
the specimen containing the outer fibers 
of the full-size axle, (2) to note whether 
fatigue failure of the small specimen 
initiated from the outer or inner fibers 
of the full-size axle from which it was 
machined, and (3) to evaluate fatigue 
data on the basis of the tensile properties 
of the fibers in which failure initiated. 
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PITTING AND ITS EFFECT ON THE FATIGUE LIMIT OF STEELS = 
CORRODED UNDER VARIOUS CONDITIONS 

By D. J. McApbam, Jr.,' 


AND G. W. GEIL! 


Nickel 
SYNOPSIS 


A study is made of the form, size and distribution of the pits caused by 
corrosion of steels in a stream of well water, a stream of Severn River water, * Ab 
a stream of distilled water, a spray of softened water, and a spray of normal 
salt solution. ‘The results of this study are correlated with diagrams repre- 
senting the lowering of the fatigue limit due to the corrosion. Pits in these 
steels tend to be roughly hemispherical at first, but they change to saucerlike 
form, and spread irregularly along the surface. This change is more rapid 
with carbon steels than with alloy steels, especially 3} per cent nickel steel. 
Carbon steels, especially during corrosion in salt spray, tend to form sharp 
rootlike projections at the bottoms of rounded corrosion pits. 
to form such projections, however, 
position; 


Chromi 


The tendency 
depends somewhat on the chemical com- 
it is less for alloy steels than for carbon steel. 

Consideration is given to the theoretical stress concentration factor as 
influenced by the form and distribution of the corrosion pits, and to the 
effective stress concentration factor as influenced by the form and size of the 
pits and by the notch sensitivity of the metal. 

Cyclic stress accelerates corrosion pitting. When the combined influence of 
stress, cycle frequency, and corrosion time is sufficiently great, the cyclic 
stress Causes transverse extension of round or irregular pits, with development 
of projections of the form of crevices or fissures. When the combined influ- 
ence of these three variables is somewhat less, the cyclic stress has no appre- 
ciable effect on the form, but tends to increase the size, especially of a few of 
the pits. These a of cyclic stress on the forms and sizes of the pits Nickel 
account for the observed lowering of the fatigue limit. 


Carbon 


Nickel 


bon 


Chromi 


by fatigue (corrosion-fatigue). In t 


The influence of simultaneous stress 


and corrosion on the fatigue limit and the 
influence of cyclic stress on corrosion 
have been discussed by the senior author 
in previous papers. In the first five of 
these papers (2 to 6)* the cyclic stress 
conditions were such as to cause failure 


' Metallurgist, and Assistant Metallurgist, respectively, 
National Bureau of Standards, W ashington, 

2 The boldface numbers in parentheses refer to the re- 
ports and papers appearing in the list of references ap- 
pended to this paper, seep. 731.0 


later papers (7 to 16), each experimetl 


involved two stages. In the first stagt 
the specimen (with or without cyd! 
stress) was corroded by water for a prt 
scribed time, then removed from 
water, dried, and oiled. In the seconé 
stage, the fatigue limit of the specime 
was determined by subjecting it to cyclic 
stressin air. The decrease in the fatigu‘ 
limit was used as a measure of the 
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On EFFECT OF PITTING ON FATIGUE LIMIT OF STEELS 697 


damage resulting from the prior cor- with the cooperation of W. C. Stewart, 
rosion. Metallurgist of the Station, the speci- 
Opportunity was not then available mens that had been used were made 
for a study of the forms and sizes of the  ayailable for such a study. The results 
of this examination have been used in 
two previous papers (18, 19) and in this 
paper to correlate the forms and sizes of 
the corrosion pits with the lowering of 
the fatigue limit and to study the in- 

Carbon steel | AT |0.36\0.55|0.3 


|0.4610.65/0.016 fluence ‘of stress on corrosion pitting. 


Nickel steel IW io. .5 10.19 
LQ* 
Chromium-nickel steel 


TABLE 1.—CHEMICAL COMPOSITION OF STEELS. 


Desig- 


Material nation 


Silicon, 
per cent 

Chromium, 
per cent 


The first paper considered the corrosion 


0.36)0.48)0.22 |1.55 |3. 
'0.4310.00 0.21 10.95 |2. pitting of steels in well water; the second 


the sume ae paper considered the corrosion pitting of 


TABLE If.—HEAT TREATMENT OF STEELS. 


Heat Treatment 


Tem- Tem- 
pera- Time pera- Time 
ture, Held, | Cooled in ture, Held, Cooled in 
deg. min. deg. min. 
| Fahr. Fahr. 


Material Designation 


AT-W-10 55 60 Water 1000 120 Furnace 
JR-W-10 5 60 Water 1000 120 Furnace 
ke IW-W-10 5 60 Water 1000 120 Furnace 
LO-W-10 5 60 Water 1000 120 Furnace 
AX-W-10 5: 60 Water 1000 120 Furnace 
AY-W-10 5: 60 Water 1000 120 Furnace 


* Previously heated to 1675 F. for 60 min., and cooled in air. 


TABLE III.—TENSILE PROPERTIES OF STEELS. 


Tensile 


Propor- Elonga- 
Strength 
(TS), 


tional tion in 
Limit, 2in., 
psi. per cent 


Reduction 
of Area, 
per cent 


Johnson’s Proof Elastic 
Limit, Stress, Limit, 
psi. psi. psi. 


Material Designation 


psi. 


AT-W-10 97 500 71 000 71 500 70 000 70 000 s.! 60.4 

R-W-10 129 800 100 000 101 400 99 500 92 300 . 51.9 

kel steel IW-W-10 128 100 114 000 114 600 110 000 94 300 i 61.8 
LQ-W-10 133700 121300 123300 121300 400 63.8 
romium-nickel steel AX-W-10 157 700 141 000 142 000 139 000 115 000 ad 50.7 
AY-W-10 159 000 143 100 144 200 135 200 103 400 s.! 52.0 


ites. ~ Usually these values are the average for at least 4 determinations. 
Johnson’s limit is the stress at that point on the stress-strain diagram at which the tangent is two-thirds that at the 
In the . Proof stress is the stress that, after release of load, will cause permanent extension of 0.01 per cent. Elastic 
‘ tis the highest stress that, after release of load, will cause no appreciable permanent extension. Proportional limit 
iment the highest stress that will not cause appreciable departure from a linear stress-strain relationship. (The smallest 
- stage ons of the extensometer scale were 0.0001 in. but estimate could be made to 0.00002 in. The extensometer was of a 
_ Stage, that permitted accurate determination of permanent extension.) 


cyclic 
a 


. corrosion pits and their correlation with aluminum bronze and monel metal in 
ym the 


the cyclic stresses applied during cor- well water. The present paper deals 
second sion. Later, however, through the with the pitting of steels under various 
yecimel courtesy of the Director of the U. S. conditions of corrosion with and without 
0 cydli Naval Engineering Experiment Station, stress, and studies the factors involved in 
fatigue \nnapolis, Md. (where the stress-corro- the resultant lowering of the fatigue 
of the ‘on experiments had been made), and _ limit. 
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I. MATERIALS AND METHOD OF | 
INVESTIGATION 


Steels: 


The compositions of the steels are 


given in Table I, details of heat treat- 
ment are given in Table II, and tensile 
properties are given in Table III. 


Specimens: 


The specimens used in the corrosion 
experiments were fatigue test specimens 
of the rotating cantilever type, fully de- 
scribed in a previous paper (1). The 
specimens were conically tapered so that 
the maximum stress occurred ? in. out 
from the inner fillet, and so that the 
stress varied only about 13 per cent over 
a length of 15 in.; the diameter at the 
inner fillet was 3 in. With this specimen, 
therefore, a comparatively large region 
could be subjected to simultaneous cor- 
rosion and cyclic stress. 


The Corrosion Stage: 


In the corrosion stage, some specimens 
were corroded without stress; other 
specimens were subjected to various 
cyclic stresses and cycle frequencies. 
After corrosion for the desired time, the 
specimen was removed from the water, 
dried, and oiled. It was then ready for 
insertion in another machine in order to 
determine its fatigue limit in air. 

The stressless corrosion experiments 
considered in this paper were made 
under various corrosion conditions. In 
some experiments, water was applied in 
a small stream, which was directed diag- 
onally to the revolving cantilever speci- 
men so that the entire tapered portion 
was covered by a thin moving layer of 
water. The size,of the water stream, 
within wide limits, had no apparent effect 
on the damage, as measured by the 
lowering of the fatigue limit. The water 
used in the streams was either well 
water, distilled water, or Severn River 


AND GEIL 


water (TableIV). In some experiments 
water was applied to each specimen jp 
the form of a spray. The apparaty 
used for this purpose was of the tyy 
used in salt- “spray tests in common us. 
The water used in the sprays was either 
a normal salt solution or a chemically 
softened water obtained from an artesian 
well at the Naval Academy (Table IV), 

The well water was essentially a solu- 
tion of calcium and magnesium bicar. 
bonates, calcium sulfate, and chlorides 
The chloride content is unusually high 
for a well water. The saline content of 


TABLE IV. 


COMPOSITION OF WATER, PARTS PEF 
MILLION. 
These values are the average for at least 4 determinat 


Water 


CaO 
MeO 
H valu 


Solids 


n 
200} 18 
5) none 
5100) 620 
6| 26 


| Alkalinity 


Well 
Distilled 
Severn 
Softened 


540 

20 

10 500 
115 


“ Alkalinity is expressed in terms of CaCOs. 


the Severn River water varies greatly, 
but averages about one-sixth that of sea 
water. 


Determination of the Fatigue Limit ani 
Evaluation of the Damage Caused by!) 
Corrosion: 


In the second stage, the fatigue lim 
of each corroded specimen was deter- 
mined by a rotating cantilever test. In 
the early experiments (7), it was neces 
sary to test several similarly corrode 
specimens in order to determine th 
fatigue limit corresponding to a pit 
scribed time, stress, and cycle frequen 
in the corrosion stage. These specimen 
were subjected to different cyclic stress, 
and determination was made of th 
numbers of cycles necessary to caus 
fatigue failure. A  stress-cycle cur’ 
could then be plotted and an estimalé 
could be made of the fatigue limi 
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Later, however, it was generally found 
possible to make a satisfactory estimate 
of the fatigue limit by use of only one 
specimen for a prescribed stress, cycle 
frequency and_ corrosion condition. 
That was accomplished by selecting a 
stress that would cause failure in not 
much less than a million cycles.. The 
fatigue limit was then estimated by ex- 
trapolation to ten million cycles (9, 17).° 
The lowering of the fatigue limit due to 
the corrosion was used as a measure of 
the damage. 


~The Method of Investigation of the Forms 
and Sizes of the Corrosion Pits: 


The outer surfaces of the specimens 
were examined visually and _photo- 
graphed at low magnification (about 4). 
The pits were also viewed in longitudinal 
sections cut approximately through the 
axes of the specimens. Typical photo- 
graphs, originally at 100 magnifications, 
have been reduced to 50 magnifications. 
The photographs of the surfaces were 
made after removal of enough of the 
general rust layer to reveal the corrosion 
pits, without removal of the corrosion 
products from the pits. 

To insure a correct sectional view of 
the pits, the polishing of the sections was 
done in such a way as to minimize re- 
moval of the corrosion products. The 
specimens were prepared by dry polish- 
ing; at an early stage in the polishing, the 
specimen was mounted in Wood’s metal. 
Each section was ground on a series of 
emery papers of increasing fineness, and 
finally with Aloxite 400 paper. It was 
then rubbed on 00 emery paper (pre- 
viously somewhat worn) lubricated with 
graphite from a brush block. It was 
next polished by means of a revolving 
disk covered with a good grade of 


‘The loss of accuracy owing to the use of only one 
specimen was slight, and was greatly outweighed by the 
increase in number of stress-corrosion experiments thus 
made possible. 
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chamois skin, with smooth (hair) side 
outward. A small quantity of No. 600 
emery powder was used on this wheel, 
The specimen was then transferred to an 
automatic polishing machine, and pol- 
ished on a disk covered with chamois 
skin. The polishing powder used in this 
final stage was magnesium oxide. Prac. 


tice is necessary to determine the proper 
length of time in each polishing stage and 
the proper amount of polishing powder. 


Il. THe LOWERING OF THE 
Limit OF STEELS DUE 
LESS CORROSION 


CONDITIONS 


FATIGUE 
TO STRESS- 
UNDER VARIOUS 


The influence of corrosion on the 
fatigue limit may be represented by 
diagrams of the type shown in Fig. 1. 
The abscissa represents duration of cor- 
rosion and the ordinate represents the 
resultant fatigue limit. Most of the 
experimental points on which the curves 
are based were obtained with the same 
specimens that have been used in the in- 
vestigation of the forms and sizes of cor- 
rosion pits. (Section IIT.) 

In Fig. 1 are curves representing the 
lowering of the fatigue limit of various 
steels due to stressless corrosion under 
various conditions. Each of _ these 
curves descends rapidly at first, but the 
slope decreases until the curve becomes 
nearly horizontal. Curves of this type 
have been called retarded-damage curves 
(18). Curves of a very different type, 
called ‘accelerated damage’ curves, 
have been obtained with stainless steel 
(10, 11, 14, 15), nickel (14), aluminum 
bronze (14, 19), and monel metal (19). 
An accelerated-damage curve is neatl) 
horizontal at first and remains 80 
throughout a long period of corrosion. 
Eventually, however, the slope begins 
to increase at an increasing rate and 
finally becomes steep. 

In Fig. 1(c) are curves representing the 
lowering of the fatigue limit of a carbon 
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steel due to stressless corrosion under 
four different conditions. The highest 
of the three curves represents the results 
of corrosion in a stream of well water; 
the lowest represents corrosion in a 
stream of Severn River water. Only 
slightly above the lowest curve in the 
diagram are the points representing cor- 
rosion in a spray of chemically softened 
artesian well water (Table IV). Reversal 
of curvature is found in the curve repre- 
senting corrosion in a spray of normal 
salt solution. Throughout the first 60 
days of corrosion, this curve differs 
little from the curve representing corro- 
sion in a stream of well water; the curva- 
ture then is reversed, and the curve 
descends at an increasing rate. The 
curve representing corrosion in well 
water, if extended far enough, possibly 
would have a similar reversal. 

The positions of the three curves in 
Fig. 1(c) are not in the order of the 
percentages of chlorides in the water 
(Table IV). Of the two curves ob- 
tained with streams of water, the one 
obtained with the brackish Severn River 
water is below the one obtained with the 
well water. The spray of soft water, 
however, lowered the fatigue limit more 
than did the spray of normal salt solu- 
tion (containing 5.85 per cent NaCl). It 
was expected that a curve obtained with 
a spray of soft water would differ little 
from the curve obtained with a stream 
of well water and would be above the 
irve representing corrosion in a spray 
{normal salt solution. That the rela- 
tionship found is not exceptional, how- 
ever, is indicated by the curves obtained 
ith a different carbon steel and with an 
loy steel (Fig. 1 (b)). 

The relative positions of the curves 
tained with carbon steel AT-W-10 
Fig.1(6)) are the same as in the diagram 
obtained with carbon steel JR-W-10 
‘Fig. 1 (c)), at least throughout the first 
10) days of corrosion. The curve ob- 


tained with a spray of soft water is 
below the curve obtained with a spray of 
normal salt solution. The curve ob- 
tained with the spray of normal salt 
solution, moreover, reverses its curvature 
and descends at an increasing rate, as it 
does in Fig. 1 (c). The curve obtained 
with a stream of well water has a similar 
reversal and differs little from the curve 
obtained with the spray of normal > 
salt solution. The curves representing © 
chromium-nickel steel AX-W-10, (Fig. 
1(b)) are in the same relative positions as 
the corresponding curves obtained with 
the carbon steels (Fig. 1 (6) and (c)). 
The curve and experimental points ob- 
tained with this steel in a stream of well 
water and in a spray of normal salt solu- 
tion, however, give no evidence of a 
reversal of curvature similar to that 
shown in the corresponding curves for 
the two carbon steels, AT-W-10 and 
JR-W-10. 

In Fig. 1 (a) are curves obtained by 
stressless corrosion of two nickel steels” 
in streams of well water and distilled 
water. Because of the smaller content | 
of salt and other solids, the rate of lower-— 
ing of the fatigue limit was much less in > 
the distilled water than in the well water. — 
In a previous paper (18), these curves ob- | 
tained with well water are correlated 
with the form, size, and distribution of | 
the corrosion pits. 

From the curves in Fig. 1 have been _ 
derived curves of another type shown in 
Figs. 2 and 3. In Section IV, these 
curves are correlated with the form, size, 


and distribution of the corrosion pits. 
III. PirtinG oF STEELS BY STRESSLESS 
CorRROSION UNDER VARIOUS 
CONDITIONS 
Pitting Caused by Stressless Corrosion in 
a Stream of Well Water: 


Figures 4 and 5 show surface a 
and Figs. 6 and 7 show longitudinal sec- 
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tions of specimens after stressless corro- the surface of a specimen. Each surface 
sion in a stream of well water. In the view includes practically the entire width 


‘ . . 


at 
lic. 4. —Stressless Corrosion, Stream of Well Water, Outer Surfaces (* 4). 
( 5. ays, IW-W-16 (e) 50 days, IW-W-10_ 
c) 5.8 days, IW-W-10 39 days, JRW-10 


(a) 2 days, AX-W-10 
(b) 4.7 days, IW-W-10 (d) 10 days, JR-W-10 
ofaspecimen. As the photograph shows 


surface views, the vertical direction a 
represents the longitudinal direction on a curved surface, the view 1S obliqu 


704 
| 
except 
uity in 
| 
| 
| | 
| a 


4 ' On EFFectT OF PITTING ON FATIGUE LIMIT OF STEELS “ 


except at the center line, and the obliq- 
yity increases from this line toward the 
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(a) 


. 
i 


> 
A 


In the sectional views (Figs. 6 and 7), 
the Wood’s metal appears at the left of 


Fic. 5.—Stressless Corrosion, Stream of Well Water, Outer Surfaces (X 4). 
‘a) 69 days, JR-W-10 (c) 100 days, IW-W-10 _— 7 (e) 220 days, AX-W-10 
(b) 93 days, JR-W-10 (d) 150 days, AX-W-10 (f) 300 days, IW-W-10 


"ight and left edges. This should be 
kept in mind in studying the forms, sizes, 
and distribution of the corrosion pits. 


each photograph. Although part of the 
corrosion products has been detached 
from some of the pits during examina- 


idth 4 
» és ie! 4 ¥ y 
hows 


tion of the outer surface, enough of these centers of all the visible corrosion pits 
products remains to ensure that the An attempt has been made, however, ty 
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(g) 


Fic. 6.—Stressless Corrosion, Stream of Well Water, Longitudinal Sections ( 50). 
(a) 2 days, AX-W-10 (d) 10 days, IW-W-10 (g) 59 days, JR-W-10 
(b) 4 days, AX-W-10 (e) 47 days, AX-W-10 (h) 69 days, JR-W-10 
(c) 4.7 days, IW-W-10 (f{) 50 days, IW-W-10 (i) 84 days, AX-W-10 


photographs give the true forms of the make each section pass approximately 
pits. It should be kept in mind that through the center of at least one pit 
these sections do not pass through the The micrographs shown have bee 


micro, 
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slected from several (often five or more) During the first few days of corrosion 
of each section, and each section is repre- the pits appear on the surfaces as round 


Fic. 7.—Stressless Corrosion, Stream of Well Water, Longitudinal Sections (< 50). 

(a) 93 days, JR-W-10 (c) 110 days, IW-W-10 (e) 220 days, AX-W-10 
(b) 100 days, IW-W-10 (d) 150 days, AX-W-10 (f) 300 days, IW-W-10 


‘ited by two or more separate micro- spots (Fig. 4 (a) to (d)). The size of the 
staphs or by a larger continuous pits increases with the duration of cor- 


rosion and some adjacent pits soon 
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merge. After 50 and 59 days (Fig. 4 (e) 
and (f)), the pits have increased greatly 
in size, and occupy a large proportion of 
the surface. The pitting now appears in 
two shades, depending on the depth of 
pitting. The darker shade represents 
round pits, either on the surface or within 
the boundaries of larger pits of lighter 
shade. Several dark, round spots can be 
seen within many of the lighter areas; 
these spots are larger than those found 
after corrosion for only 10 days (Fig. 
4 (d)). The pits evidently have grown 
by lateral extension, involving the merg- 
ing of many of the originally round pits. 

With further increase in the corrosion 
time, as shown in Fig. 5 (69 to 300 days), 
the pits continued to grow, but much 
less rapidly than during the first 50 days. 
Although the growth was largely by 
lateral extension, involving the merging 
of originally round pits, a few round pits 
are still visible both on the surface and 
within the larger, lighter pits. These 
relatively deep, round pits are conspicu- 
ous in Fig. 5 (a), (d), and (f). They are 
generally larger than the round pits 
found after 50 and 59 days (Fig. 4 (e) 
and (f)). 

Sections through many of the pits that 
appear roughly circular in the surface 
views (Figs. 4 and 5) appear roughly 
semicircular in Figs. 6 and 7. This 
evidence, supplemented by evidence 
found in other views shown in a previous 
paper (18), indicates that a large propor- 
tion of the pits caused by stressless cor- 
rosion in this water are roughly hemi- 
spherical. Some roughly hemispheri- 
cal pits are found even after other pits 
in the same specimen have extended 
laterally and merged (compare Figs. 4 (e) 
and 5 (c) with Figs. 6 (e) and (f) and 
7 (b)). Even in the early stages of cor- 
rosion, however, some of the pits are 
saucerlike rather than hemispherical; 
this is illustrated in Fig. 6 (6), (c), and 
(d). In later stages, owing to lateral 
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extension of the pits, the saucerlike for 
is common. Even after the merging 
the pits, as illustrated in Fig. 6 (g) a 
(h) and Fig. 7 (a), (e), and (f), the bor 


toms of the merged pits generally consis 


of numerous saucers. As will be show; 
later, the rapidity of the change fro 
hemispherical to saucerlike form ¢ 


pends somewhat on the composition ¢ 


the steel. 

After corrosion for 50 days or more 
small salients are visible, projecting int 
the metal from many of the corrosia: 
pits (Figs.6and7). Even after 10 days 
corrosion, smaller projections are visibl 
at higher magnification. These root 
like projections probably are due to t 
influence of oxygen-concentration cells 

The size of the pits increases great) 
during the first few days of corrosi 
This is seen both in the surface vie 
(Fig. 4 (a) to (d)) and in the longitudina 
sections (Fig. 6 (a) to (d)). With in 
crease in the corrosion time beyon 
about 10 days, the increase in (relative 
size of the corrosion pits is slower 
nevertheless the growth is consideral 
between about 50 and 100 days. (Cor 
pare Fig. 6 (e) and (f) with Fig. 7 (t 
Beyond 100 days, the depth evident 
increases little but the breadth increas 
largely by the merging of adjacent pit: 


Pitting Caused by Stressless Corrost 

a Stream of Distilled Water: 

The distilled water used was obtaint 
from the condenser of a steam boiler 
This water was less pure than laborator 
distilled water. The total solids, ho 
ever, were much less than in the othe 
waters used (Table IV). Longitudit 
sections through the four specimens t 
were subjected to stressless corrosion 
distilled water are shown in Figs. 6 @! 
9. During the first few days of com 
sion, many of the pits evidently 4 
roughly hemispherical like the pt 
caused by stressless corrosion in We 
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water. With increase in the corrosion 
time, however, the pits become saucerlike 
and then spread further along the sur- 


() 


water (Fig. 9) the pits appear smaller 
than those found after 100 and 110 days 
in well water (Fig. 7 (6) and (c)). 


3 


Stressless Corrosion, LQ-W-10, Stream of Distilled Water, Longitudinal Sections (x 50). 


(a) 8 days (b) 19 days 


The tendency of the pits to spread 
‘greater in distilled water than in well 
iter, 

The growth of the hemispherical pits, 
moreover, is slower in distilled water 
than in well water. After 8 and 19 days 

rosion in distilled water (Fig. 8 (a) 
id (b)) the pits appear smaller than 
ter 4.7 days in well water (Fig. 6 (c)). 
“ter 175 days corrosion in distilled 


(c) 71 days 


Pitting Caused by Stressless Corrosion in 
a Stream of Severn River Water: 


Surface views of specimens after 
stressless corrosion in a stream of Severn 
River water are shown in Fig. 10. All 
but one of the specimens here shown are 
carbon steels. No views are available of 
specimens after corrosion for less than 
10 days. 

Figure 10 (a) shows a surface view of a 
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specimen of carbon steel J R-W-10 after rosion for a few days in well water (Fig 
corrosion for 10 days. The pits vary . of the pits, however, are 
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» 
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ps 


Fic. 9.—Stressless Corrosion, LQ-W-10, Stream of Distilled Water, 175 days, Continuous 
Longitudinal Section ( 50). 


greatly in size. The smaller pits are broad and irregular; within these broad 
round, like pits caused by stressless cor- areas are a few indistinct dark round 
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spots, probably representing relatively fewer than in Fig. 10 (a) and many of 
deep rounded pits. Another specimen them have extended further along the 


“ 


Fic. 10. Stressless Corrosion, Stream of Severn River Water, Outer Surfaces (X 4). 
(a) 10 days, JR-W-10 (c) 10.8 days, JR-W-10 (e) 102 days, JR-W 10 7 
(b) 10 days, IW-W-10 (d) 25 days, JR-W-10 (f) 118 days, JR-W-10 


i carbon steel corroded for about the surface. A few dark, round spots are 
‘ame length of time is shown in Fig. visible. A specimen of nickel steel after 
10(c). In this specimen, the pits are corrosion for 10 days is shown in Fig. 


J 
are 
» broad 
round 
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10 (b). The pits are fewer and the dark _ of pits per unit area, however, may vary 
round spots are more distinct in this greatly owing to uncontrollable va 


riables 


(d) (d) (e) 
Fis, 11. Stressless Corrosion, Stream of Severn River Water, Longitudinal Sections (X 50 


(a) 10 days, JR-W-10 (c) 25 days, JR-W-10 (e) 118 days, JR-W-10 
(bh) 10.8 days, JR-W-10 (d) 102 days, JR-W-10 


specimen than in the specimens of carbon under apparently constant corrosion tinu 
steel (Fig. 10 (a) and (c)). This differ- conditions (18). lew 
ence may be due partly to the difference With increase in corrosion time (Fig The 
in chemical composition. The number 10 (d), (e), and (f)) the pits have cot 
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Fic. 12.—Stressless Corrosion, Spray of Softened Water, Outer $ 


(a) 65 days, JR-W-10 (c) 100 days, AX-W-10 (e) 280 days, AX-W-10 
(6) days, JRW10 (d) 197 days, AX-W-10 
to spread more, and the dark round © 


spots thus tend to be much less promi- 
nent, after corrosion in Severn River | 


rrosion nued to extend along the surface. A 

éw dark round spots can still be seen. 
e (Fig. The pits evidently tend to be fewer and 
col 
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Fic. 13.—Stressless Corrosion, Spray of Softened Water, Longitudinal Sections (X 50). 


(a) 65 days, JR-W-10 (c) 100 days, AX-W-10 (e) 280 days, AX-W-10 
(b) 69 days, JR-W-10 (d) 197 days, AX-W-10 
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water than after corrosion in well water 
(Figs. 4 and 5). 

These conclusions are confirmed by 
comparison of the sectional views in 
Fig. 11 with those in Figs.6and7. The 
roughly semicircular pits, prominent 
even after long corrosion in well water, 
are very scarce after corrosion in Severn 
River water. The tendency of the pit- 
ting to spread along the surface evidently 
is much greater in Severn River water 
than in well water. After corrosion for 
102 and 118 days in Severn River water, 
however, numerous small sharp projec- 
tions extend inward from the broad cor- 
rosion pits (Fig. 11 (d) and (e)). As the 
specimens were corroded without stress, 
these projections probably have a root- 
like form. The stress concentration due 
tosuch projections is much less than that 
due to the sharp transverse crevices and 
fissures that may form under the influ- 
ence of simultaneous corrosion and cyclic 
stress. 

As shown in Fig. 1 (c), the lowering of 
the fatigue limit is considerably greater 
during corrosion in Severn River water 
than during corrosion in well water. 
The causes of this are discussed in 
Section IV. 


Pitting Caused by Stressless Corrosion in 
a Spray of Softened Water: 


Surface views after stressless corrosion 
na spray of softened water (Table IV) 
re shown in Fig. 12 and longitudinal 
sections are shown in Fig. 13. The first 
two views in each of these figures show 
the effects of corrosion of a carbon steel; 
the other three views show the effects 
of corrosion of a chromium-nickel steel. 
As the specimens were stationary and 
nearly vertical during corrosion, the thin 
yer of water on the surface tended to 
low longitudinally. The irregular ero- 

m shown in Fig. 12 (a) and (6), how- 

er, indicates that the water flow on the 

thon steel specimens became irregular 
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as the surface became roughened. The 
chromium-nickel steel specimens (Fig. 
12 (c), (d), and (e)), however, show little 
evidence of irregular flow but are more 
like specimens that have been pitted by 
a stream of well water (Figs. 4 and 5). 
The tendency of the pits to spread over 
the surface of carbon steel evidently is 
greater in a spray of softened water 
(Fig. 12 (a) and (6)) than in a stream of 
well water (Figs. 4 (f) and 5 (a)). With 
chromium-nickel steel AX-W-10, how- 
ever, there was very little difference in 
the spreading of the pits under the two 
corrosion conditions. The evidence thus 
indicates that the tendency of the cor- 
rosion pits to spread over the surface is 
greater for carbon steel than for 
chromium-nickel steel, and that this 
difference between the two steels is 
especially prominent in a spray of 
softened water. 

The sectional views of the carbon steel 
(Fig. 13 (a) and (6)) show broad 
saucerlike pits. The breadth of these 
pits is greater than that of the pits in 
specimens of the same steel after corro- 
sion for about the same lengths of time 
in a stream of well water. Projections — 
from the rounded pits differ little for 
these two corrosion conditions but are 
fewer and less prominent than after cor- 
rosion in Severn River water (Fig. 11). 
As shown in Fig. 1, the lowering of the 
fatigue limit was more rapid in a spray — 
of softened water than in a stream of well 
water. Reasons for this difference are 
given in Section IV. 


Pitting Caused by Stressless Corrosion in 
a Spray of Normal Salt Solution: 


Surface views after corrosion in a spray 
of normal salt solution are shown in 
Fig. 14 and longitudinal sections are 


shown in Fig. 15. One view in each 
figure shows effects of corrosion of 


chromium-nickel steel AX-W-10; the 
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‘ other views show effects of corrosion of longitudinal flow of the corrosive liquid 
carbon steel JR-W-10. Dark round spots are visible in all th. 


Fic. 14. —Stressless Corrosion, Spray of Salt Solution, Outer Surfaces (X 4). 


(a) 48 days, JR-W-10 (c) 102 days, JR-W-10 (e) 190 days, JR-W-10 
(b) 62 days, JR-W-10 (d) 181 days, JR-W-10 (f) 280 days, AX-W-10 


_ The surface views show irregular ero- surface views of the carbon steel (Fig. 4 
sion under the influence of the generally but none is visible in the view of the J 
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Fic. 15.—Stressless Corrosion, Spray of Salt Solution, Longitudinal Sections (X 50). 


(a) 48 days, JR-W-10 (c) 102 days, JR-W-10 (e) 190 days, JR-W-10 
(b) 62 days, JR-W-10 (d) 181 days, JR-W-10 (f) 280 days, AX-W-10 
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chromium-nickel steel (f). These round 
spots are views of rootlike pits such as 
those visibie in the sectional views (Fig. 
15). After corrosion for 48 days no 
rootlike pits are found in the sectional 
view (Fig. 15 (a)) although such pits ap- 
parently are revealed by the correspond- 
ing surface view (Fig. 14 (a@)). Numer- 
ous rootlike projections, however, are 
visible in all the other sectional Views of 
the carbon steel (Fig. 15). The size of 
these projections evidently tends to in- 
crease with duration of corrosion. The 
specimen of chromium-nickel steel (/) 
shows no evidence of rootlike projec- 
tions; the sectional view thus confirms 
the impression given by the surface view 
(Fig. 14 (f)). 

In spite of the rootlike projections, 
however, the lowering of the fatigue 
limit was less rapid in the spray of 
normal salt solution than in the spray of 
softened water (Fig. 1). Reasons for 
this relationship are given in the next 
section. 


IV. Srress CONCENTRATION CAUSED BY 
Corrosion Pits iN STEELS 
The Effective Stress Concentration Factor: 


The lowering of the fatigue limit 
caused by corrosion pits as by any other 
notch must be attributed to stress con- 
centration. Because of stress concentra- 
tion, the actual stress around a notch 
may be above the fatigue limit when the 
nominal stress (estimated from the applied 
load and the dimensions of the specimen) 
is much less. Any attempt to correlate 
the forms and sizes of corrosion pits with 
the lowering of the fatigue limit must be 
based on a study of the factors affecting 
the stress concentration. 

effective stress-concentration 
factor may be denoted by the ratio of 
the fatigue limit of an unnotched speci- 
men to the fatigue limit of the notched 
specimen. ‘This ratio, A», depends not 


only on the theoretical stress concentr. 
tion factor K but also on the size of the 
notch and on the notch sensitivity of the 
metal. The theoretical stress-concep- 
tration factor depends only on the form 
of the specimen and notch, not on the 
size. The notch sensitivity of the meta! 
depends on the chemical composition and 
on the mechanical properties. The 
larger the size of the notch and the 
greater the notch sensitivity, the nearer 
does the effective stress concentration 
factor Ky approach the theoretical stress 
concentration factor K. 


The Theoretical Stress Concentration Du 
to Corrosion Pits: 

Although the theoretical stress con- 
centration factor due to corrosion pits 
cannot be estimated exactly, an approxi- 
mate estimate may be made of the 
minimum value and of the probable 
range of significant values. As the pits 
during the first few days of stressless cor 
rosion in a stream of well water or dis- 
tilled water are approximately hem: 
spherical, the simplest approach to 
study of the theoretical stress concentra 
tion is made by assuming that all the pits 
are modifications of smooth hemispher- 
cal pits. 

The theoretical stress concentratio 
factor for a hemispherical pit is about 
2.4. With change from hemispherical t 
saucerlike form, the theoretical factor 
decreases rapidly. For a pitted spec: 
men, the theoretical factor is not t 
mean of the factors for the individu 
pits, but is the factor for the pit whos 
form and size cause the highest effectiv 
stress concentration factor, Kr. A 
though many of the pits are not far fro 
hemispherical, the pit giving the highest 
theoretical stress concentration factor A 
probably has less resemblance to a hem 


4A fuller discussion of theoretical and effective - 
concentration factors is given in a previous paper 
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sphere than to an oblate spheroid or to a 
hemiellipsoid of revolution, whose axis of 
revolution is the minor axis of an ellipse 
and is in the direction of the principal 
stress. When the eccentricity ratio for 
this ellipse is 1.7, which probably is 
about the maximum for pits formed 
during the first few days of corrosion, K 
is about 3. 

Even in the early stages of corrosion, 
however, the pits are not entirely 
smooth. With growth of the pits, pro- 
iections appear on the boundaries. Al- 
though sharp conical projections may 
cause high values of the theoretical stress 
concentration factor, the significant 
value of this factor for stressless corro- 
sion of steels in well water probably does 
not exceed 3 or 4. Although this is due 
partly to the fact that, as the projections 
levelop, the pits tend to change from 
hemispherical to saucerlike form, it is 
due largely to the fact that the sharp, 
rootlike projections are generally small. 

The stress concentration around a pit 

y also be influenced by the nearness 
ianother pit. If the line of centers of 
(wo pits (near together) is in the direc- 

n of the principal stress, each pit has a 
shielding effect on the other, and the 
stress concentration is less than if the 

iswerefarapart. If the line of centers 

n the transverse direction, however, 

é stress concentration is greater than 
ithe pits were far apart. (Such a con- 

tion tends to cause merging of adjacent 

is, when corrosion and cyclic stress are 
taneous. ) 


‘he Influence of the Size of a Notch on the 
Effective Stress Concentration Factor: 


the discrepancy between K and Ky 
ls to increase with the theoretical 
rss concentration factor and to de- 
is¢ with increase in the absolute size 
thenotch. ‘This relation is due to the 
luence of K and of the size of the 
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notch on the steepness of the theoretical 
stress gradient. The steepness of the 
theoretical stress gradient increases with 
increase in A and with decrease in the 
size of the notch. A suitable index of 
steepness of the gradient, suggested by 
the authors in a previous paper (18), is 
(K — 1)/r, in which r represents the 
root-radius of the notch. 

The available evidence indicates that 
the discrepancy between AK and Ky tends 
to increase with the steepness of the 
stress gradient. The fracture of a metal, 
either by single or repeated loading, ap- 
parently is not determined by the highest 
stress in the theoretical gradient (at a 
geometrical line), but by the mean stress 
over an appreciable width of the gradi- 
ent. The steeper the gradient, there- 
fore, the greater is the difference between 
this mean stress and the highest stress of 
the theoretical gradient, and the greater 
is the difference between A and Ky. 
The gradient may even be so steep and 
narrow that the stress peak has prac- 
tically no effect on the fatigue limit. 
(Space is not available for discussing the 
reasons for this behavior of metals.) 

Although a sharp, rootlike projection 
on a corrosion pit may cause a very high 
value of A, this value is associated with 
a very low value of r. Such a projec- 
tion, therefore, gives a very high value 
of (K — 1)/r, the index of steepness of 
the stress gradient. The sharp projec- 
tion superposes a very steep, narrow 
gradient on the broader, less steep 
gradient induced by the general form of 
the pit. 
jections may be so sharp that they have 
no important effect on the fatigue limit. 
Consequently, when a projection is very 
small in relation to the size of a corrosion 
pit, the only significant value of the 
theoretical stress concentration factor is 
that based on the general form of the 


pit. 


The stress peaks at such pro- . 
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Correlation Between the Effective Stress 
Concentration Factor and the Pits 
Caused by Stressless Corrosion: 


From the curves in Fig. 1 have been 
derived other curves representing the 
variation of the effective stress concen- 
tration factor with the duration of 
stressless corrosion. ‘These curves (Figs. 
2 and 3) are qualitatively the inverse of 
the curves of Fig. 1. Unlike the curves 
of Fig. 1, however, the curves of Figs. 2 
and 3 all start from the same origin, 
representing a value of 1.0 for Ky. The 
differences in course of the curves are 
due to differences in one or more of at 
least three factors. These factors are: 
the form and distribution of the corro- 
sion pits, the size of the pits, and the 
notch sensitivity of the steel. The 
notch sensitivity is a function of the 
chemical composition, mechanical treat- 
ment, and heat treatment. In general, 
the notch sensitivity increases with the 
tensile strength, although steels of the 
same tensile strength but of different 
compositions may differ in notch sensi- 
tivity. In correlating the forms and 
sizes of corrosion pits with the effective 
stress concentration factor, therefore, 
allowance must be made for differences 
in notch sensitivity. 

In Fig. 2 are assembled curves repre- 
senting three steels differing little in 
tensile strength. They would, therefore, 
be expected to differ little in notch sensi- 
tivity, although the notch sensitivity of 
the two nickel steels may possibly be a 
little greater than that of the carbon 
steel. The divergence of the four curves 
representing the carbon steel and the two 
curves representing nickel steels, conse- 
quently, can be attributed only to dif- 
ferences in form, size, and distribution of 
the corrosion pits. For convenient cor- 
relation with the corrosion pits in Figs. 
4 to 15, symbols have been used in Fig. 2 
to indicate specimens that have been 
examined for corrosion pitting. = 
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Two of the curves in Fig. 2 represent 
results of corrosion in a stream of well 
water. One of these curves was obtained 
with the carbon steel JR-W-10 and the 
other was obtained with nickel steel 
IW-W-10. The curve obtained with the 
nickel steel is much higher in the diagram 
than the curve obtained with the carbon 
steel. In a previous paper (17), in the 
absence of information about the corro- 
sion pits, a corresponding difference be- 
tween curves for nickel and carbon steels 
was surmised to be due largely to a dif- 
ference in notch sensitivity. This sur- 
mise was made because of statements in 
the literature that stressless corrosion 
pitting in steels is little affected by small 
percentages of alloying elements. As 
will now be shown, however, these views 
must be modified. 

As shown in Figs. 6 and 7, the differ- 
ences in chemical composition have had 
no perceptible influence on the rate of 
increase of the size of the pits. The 
change from hemispherical to saucerlike 
form, however, evidently was much 
slower for nickel steel IW-W-10 than for 
carbon steel JR-W-10. Hemispherical 
pits are found in the nickel steel after 
corrosion for 100 days (Fig. 7 (0)), and 
deep saucerlike pits are found after cor- 
rosion for longer times (Fig. 7 (c) and 
(f)). Specimens of carbon steel JR- 
W-10, however, show only saucerlike 
pits after corrosion for 59, 69, and 93 
days (Fig. 6 (g) and (h) and Fig. 7 (@)). 
The difference in rapidity of the change 
from hemispherical to saucerlike form of 
the pits in the nickel steel and carbon 
steel accounts for the difference in 
rapidity of the approach of the cor 
responding curves to a horizontal direc- 
tion in Fig. 2. 

In Fig. 3, the curves representing Cor 
rosion of carbon steel and nickel steel in 
well water are repeated (as broken 
curves) for comparison with curves repre 
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senting corrosion of four other steels in 
well water. Views of pits in one of these 
steels (chromium-nickel steel AX-W-10) 
are shown in Figs. 6 and 7. After cor- 
rosion for 2, 4, and 47 days (Fig. 6 (a), 
(b), and (e)) the specimens show hemi- 
spherical ~ag After corrosion for 84, 
150, and 220 days (Fig. 6 (i) and Fig. 
7(d) and (e)), the pits found are of 
saucerlike form. This change of the pits 
from hemispherical to saucerlike form 
evidently is somewhat more rapid in 
chromium-nickel steel AX-W-10 than in 
nickel steel IW-W-10, but is less rapid 
than in carbon steel JR-W-10 (Figs. 6 
and7). ‘To this difference in the rate of 
change from the hemispherical to the 
saucerlike form may be attributed the 
fact that the curve representing steel 
AX-W-10 is below the curve representing 
steel IW-W-10, in spite of the greater 
tensile strength of steel AX-W-10. 

Another curve in Fig. 3 was obtained 
by corrosion of nickel steel IW-14.5 in 
well water. As this steel differed only 
in heat treatment from steel IW-W-10, 
the corrosion pits in steel TW-14.5 (not 
examined) probably were about the same 
as those found after corrosion of steel 
IW-W-10 for corresponding times. The 
great difference between the curves for 
steel IW-W-10 and IW-14.5, therefore, 
must be attributed to a difference in 
notch sensitivity, due to the difference 
in hardness of the two steels. A differ- 
ence in notch sensitivity probably ac- 
counts also for the difference between the 
curves for the two carbon steels, JR- 
W-10 and AT-W-10. 

The highest curve in Fig. 3 represents 
the steel of highest tensile strength. As 
chromium-nickel steel AY-W-10 is only 
slightly stronger than chromium-nickel 
steel AX-W-10, however, these two steels 
probably differ little in notch sensitivity. 
The great difference in position of the 
{wo curves in Fig. 3, therefore, probably 
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is due in part to a difference in the cor- 
rosion pitting (not examined). 

As the highest and lowest curves in 
Fig. 2 were obtained with steels of about 
the same composition and differing little 
in tensile strength, the great difference | 


between these curves cannot be due toa 
difference in the notch sensitivity. As 
already shown, the pits tend to grow 
more slowly and to spread relatively 
more in distilled water than in well 
water. The great difference between the 
corresponding curves in Fig. 2, there- 
fore, must be attributed chiefly to the 


influence of size of the pits on the effec- 
tive stress-concentration factor. 

The divergence of the four curves 
representing carbon steel JR-W-10 (Fig. 
2) can be attributed only to differences 
in pitting under the four different corro- 
sion conditions. The two most widely 
diverging curves are those representing 
corrosion in streams of well water and 
Severn River water. Comparison of 
Fi ig. 6 (g) and (i) and Fig. 7 (a) with the 
views in Fig. 11 shows that the pits tend 
to be broader but not much deeper after 
corrosion in Severn River water than 
after corrosion for corresponding times 
in well water. The theoretical stress 
concentration factor, based on the gen- 
eral form of the corrosion pits and with- 
out regard for their distribution, pene 
fore, would be greater for the pits caused 
by corrosion of this carbon steel in well 
water than for the pits caused by corro- 
sion in Severn River water. Although > 
sharp rootlike projections from pits” 
caused by corrosion in Severn River 
water would tend to_ increase the 
theoretical stress concentration factor, 
they probably were too small to have’ 
much influence on the effective stress. 
concentration factor. The greater ef- 
fective stress concentration caused by 
corrosion in Severn River water (Fig. 2) 
may be due largely to the greater size of 
the corrosion pits, especially of a few of 
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the largest pits (compare Fig. 10 with 
Figs. 4and 5). The effect of size prob- 
ably more than compensated for the 
difference in theoretical stress concentra- 
tion (due to separate pits). In the nar- 
row regions between the broad pits 
caused by corrosion in Severn River 
water, moreover, the theoretical stress 
concentration may have been high. The 
relatively high position of the cor- 
responding curve in Fig. 2, therefore, 
probably is due to the relatively large 
size of the pits and to high theoretical 
stress concentration in the narrow re- 
gions between such pits. 

Throughout the first 60 days, the 
effective stress concentration due to cor- 
rosion in a spray of normal salt solution 
was only slightly greater than that due 
to corrosion in a stream of well water. 
This relation was found for carbon 
steels JR-W-10 and AT-W-10 and for 
chromium-nickel steel AX-W-10. The 
roughly hemispherical pits caused by 
corrosion in the salt spray (Fig. 15) were 
very small in comparison with the pits 
caused by corrosion in a stream of well 
water (Figs. 6 and 7). If the effective 
stress concentration were due to these 
hemispherical pits, therefore, it would be 
greater after corrosion in well water than 
after corrosion in the salt spray. Sucha 
relation was actually found after corro- 
sion for 48 days in salt spray (Figs. 1 (c) 
and 2). At this time, however, there 
were no rootlike projections. Soon after 
the appearance of these projections in 
the carbon steel specimens, the effective 
stress concentration began to increase at 
an increasing rate (see curve for JR- 
W-10 in Fig. 2). The theoretical stress 
concentration factor caused by a rootlike 
projection alone probably would differ 
little from that caused by a narrow cylin- 
drical cavity and would be about 3. 
Such a projection from a much larger 
hemispherical pit would cause a value of 
about 6 for A. Because of the small 


tration factor K », was much less, but was 
increasing rapidly with the development 
of the projections. In the chromium. 
nickel steel AX-W-10, no rootlike projec- 
tions appeared (Fig. 15 (f)), and the 
curve of effective stress concentration 
showed no reversal (Fig. 3). 

After corrosion in a spray of softened 
water, the effective stress concentration 
factor was much greater than after cor- 
rosion in a spray of normal salt solution 
This relation, which was found with 
three steels (Figs. 2 and 3), may beat- 
tributed to the fact that the hemispheri- 
cal and saucerlike pits were much larger 
after corrosion in the softened water 
(Fig. 13) than after corrosion in the salt 
spray (Fig. 15). However, the growth 
of the rootlike projections, due to corro- 
sion of the carbon steels in the salt 
spray, might eventually cause the cor- 
responding curves to cross the curves 
representing corrosion in the spray of 
softened water (Figs. 2 and 3). 

The pits caused by corrosion in the 
spray of softened water (Fig. 13) re 
semble the pits caused in the same steels 
by corrosion in a stream of well water 
(Fig. 6 (i) and Fig. 7 (d) and (e)). The 
effective stress concentration caused by 
corrosion in a spray of softened water, 
however, was greater than that caused by 
corrosion in a stream of well water, and 
was nearly as great as that caused by 
corrosion in a stream of Severn River 
water. This relation probably is due to 
the réiatively large size of some of the 
pits caused by corrosion in a spray 
softened water (compare Figs. 5 and 12). 

For steels differing little in tensile 
strength, the differences in the effective 
stress concentration factor due to corro- 
sion under the different conditions, & 
clusive of corrosion in a stream of dis 
tilled water, are not great. During the 
early stages of corrosion, these differences 
in Ky are easily accounted for by the 
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wi On EFFECT OF PITTING ON 
observed differences in the form and size 
of the individual pits. The difficulties 
of correlation naturally increase as the 
pitting spreads over the surface. The 
comparison of Figs. 2 and 3 with the 
views of corrosion pits (Figs. 4 to 15), 
however, confirms the conclusion that 
the effective stress concentration factor 
isa function of the form, size, and dis- 
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of decreasing cyclic stress and second- 
arily in the order of increasing corrosion 
time. 

In the surface views (Fig. 17), some 
pits appear round, like the pits caused 
by stressless corrosion (Fig. 4). Other 
pits consist of round or irregular cavities 
apparently crossed by cracks, which are 
transverse to the direction of principal 
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li. 16.—The Lowering of the Fatigue Limit of a Nickel Steel Due to Stress Corrosion in Well Water. 


tribution of the corrosion pits and of the 
notch sensitivity of the steel. 


V. Pirs Causep By STRESS CORROSION 
OF STEEL IN WELL WATER 

Figures 17 and 18 show surface and 
sectional views of specimens of nickel 
steel IW-W-10 after corrosion with 1450 
stress cycles per minute under various 
yelic stresses and for various times. 
Comparison of the views in each figure, 
therefore, reveals the influence of both 
cyclic stress and corrosion, with constant 
cycle frequency. The views in each 
figure are arranged primarily in the order 


tensile stress. The corresponding sec- 
tional views at higher magnification (Fig. 
18), however, show that these are not 
cracks but are sharp, deep corrosion pits; 
they are filled with corrosion products 
similar to those found in round pits. 
The sharp, deep pits are found at the 
high-stress end of the series of views; at 
the low stress end of the series, the pits 
are entirely of the rounded form. The 
magnitude of the stress, therefore, is one 
of the factors determining whether the 
sharp projections shall be formed. 
Another factor, as will be shown, is the 
corrosion time. 
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when such projections do not appear op 


The first stages of the development of 
projections of this form cannot be deter- _ the surface, an examination of a longity. 
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Fic. 17.—Nickel Steel IW-W-10, 1450 cycles per minute, Well Water, Outer Surfaces (X 4 
(a) 13,000 psi., 5 days (c) 9000 psi., 10 days (e) 4000 psi., 31 days 
(b) 10,000 psi., 10 days (d) 8000 psi., 10 days (f) 3000 psi., 97 days 

dinal section may reveal sharp, wedge- 


mined by examination of surface views, : 
shaped projections extending iwal 


especially at low magnification. Even 


(a)s (b) 
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(g) (g) (h) (h) 


Fic. 18.—Nickel Steel IW-W-10, 1450 cycles per minute, Well Water, Longitudinal Sections ( 50). 
(a) 14,000 psi., 3.2 days 


(d) 9000 psi., 4 days (g) 7000 psi., 10 days . 
(b) 13,000 psi., days (e) 9000 psi., 10 days 4000 psi., 31 days 
(c) 10,000 psi., 10 days (f) 8000 psi., 10 days ; (i) 3000 psi., 97 days — i 
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from rounded pits. The sharp, trans- 
versely extended pits visible in surface 
have been called fissures (18); the wedge- 
shaped pits not visible on the surface 
have been called crevices. A crevice 
sometimes is merely an early stage in 
the development of a fissure. 

The influence of stress on the develop- 
ment of fissures is clearly revealed by 
comparison of Fig. 17 (6), (c), and (d), 
and Fig. 18 (c), (e), (f), and (g). These 
views show the effects of various cyclic 
stresses acting during the same corro- 
sion time, 10 days. For stresses of 
9000 psi. or more, round or irregularly 
extended pits are traversed by fissures. 
In the views representing stresses of 
8000 and 7000 psi., the pits appear round, 
like the pits caused by stressless corro- 
sion. Fissures evidently do not appear 
during 10 days corrosion at 1450 cycles 
per minute when the cyclic stress is less 
than about 9000 psi. At stresses of 
4000 and 3000 psi. (Fig. 17 (e) and (/) 
and Fig. 18 (4) and (7)), fissures do not 
appear during corrosion for much longer 
times. At sufficiently high stress (Fig. 
17 (a) and Fig. 18 (a) and (06)), fissures 
may appear after corrosion for much 
less than 10 days. 

The absence of rounded pits from some 
of the sections of fissures (Fig. 18) does 
not mean that the fissures started in- 
ward directly from the surface. All the 
fissures, as shown in the surface views 
(Fig. 17), have started at rounded cor- 
rosion pits. From these origins, the 
fissures have extended both transversely 
and inward. Some of the sections in 
Fig. 18 are nearly at the centers, and 
some are at the edges of the rounded 
origins of the fissures. Other sections 
are at a distance from these origins. 

The evidence, therefore, indicates that 
stress corrosion pits, in steel corroded in 
well water, are modifications of pits 
caused by stressless corrosion. The 
number of pits per unit area, and their 


distribution, are determined by the 
same uncontrollable variables that de. 
termine the number of pits formed by 
stressless corrosion. Great differences, 
therefore, may be found in the number 
and distribution of these anodic regions 
after apparently identical corrosion cop- 
ditions. The size of the pits, moreover. 
generally varies inversely with 
number. 

The fissured pits (Fig. 17) generally 
are much larger than pits formed in cor- 
responding times by stressless corrosion, 
Cyclic stress evidently tends to increase 
the size of the corrosion pits. The ac- 
celerating effect of cyclic stress on cor- 
rosion, moreover, evidently tends to be 
greatest at the equator’ of a roughly 
hemispherical corrosion pit. The tend- 
ency to form sharp equatorial fissures 
may be attributed to the fact that nearly 
all the concentration of stress is in a 
narrow equatorial ring (18). With de- 
velopment of a fissure, the stress concen- 
tration is intensified. 

To facilitate comparison between the 
corrosion pits shown in Figs. 17 and 18 
and the corresponding net damage, the 
forms of the corrosion pits are classified 
by means of the symbols used to desig- 
nate the experimental points in Fig. 16. 
Different symbols are used to designate 
fissures, crevices, and rounded pits. 
The fissures caused by corrosion for 10 
days at stresses of 10,000 and 9000 psi 
(Fig. 17 (6) and (c) and Fig. 18 (c) and 
(e)) have lowered the fatigue limit from 
64,000 psi. to 25,000 and 26,000 psi 
(Fig. 16). These values are far below 
the fatigue limit (44,000 psi.) that would 
be found after 10-day corrosion without 
stress. The net damage caused by 
crevices tends to be intermediate be 
tween the damage caused by fissures and 
that caused by rounded pits. Consider- 


5 The polar axis is assumed to be in the direction 0 
principal tensile or compressive stress. 
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able net damage may be caused by 
stress corrosion, even if no crevices or 
fissures have appeared. This is _illus- 
trated by the positions of the points 
representing the effects of corrosion for 
10 days at stresses less than 8000 psi. 


On EFFECT OF PITTING ON 


PittING CAUSED BY STRESS CORROSION 
oF STEEL IN DISTILLED WATER 
Figure 20 shows surface views of 

specimens of nickel steel LQ-W-10 after 
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fissures may be attributed to the high > 
cyclic stress (40,000 psi.). After some-— 
what longer time at lower stress (Fig. 
20 (6)), the fissures are further advanced. 
No fissures are visible in Fig. 20 (c)_ 
and (d), although Fig. 17 (a) and (0) — 
shows that prominent fissures would 

have developed during corrosion at the 

same stresses and for the same times in 
well water. Corrosion for much longer 
times in distilled water at much lower | 
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Fic. 19.—The Lowering of the Fatigue Limit of a Nickel Steel Due to Stress Corrosion in 
Distilled Water. 


corrosion in distilled water under various 
stresses, with frequency of 1450 cycles 
per minute. All but one of the speci- 
mens that are shown in these surface 
views are shown in sectional views in 
Figs. 21 and 22. 

In Fig. 20 (a), very short fissures are 
Visible, starting from some of the 
rounded pits. Even very small round 
pits, such as those in the c luster near the 
lower right corner of this view, are 
origins of fissures, clearly visible at higher 
magnification. The early start of these 


stresses, however, has caused prominent 
fissures (Fig. 20 (e) and (f). 

Although no fissures are visible in 
Fig. 20 (c) and (d), crevices are visible 
in one of the corresponding sectional 
views, Fig. 21(c). Fissures visible in 
Fig. 20 (b), (e), and (f) are also revealed 
by sectional views in Fig. 21 (a) and 
(d) and Fig. 22. The evidence indicates 
that a higher stress or a longer time is 
required for the development of fissures 
by stress corrosion in distilled water than 
by stress corrosion in well water. 
PeSS COFTOSION | 


— 251i SS | 
te ~ | ZERO | | 
|__| 
+ + 4 4 | 
pelow 
would 
ithout 
d by 
be- 
os and 
ssider- 
on of the | | 


728 


McADAM AND GEIL 


_ The sharp transverse fissures caused Although the theoretical stress concen. fiss 
by corrosion at 40,000 psi. for 0.15 day tration was large, the effective stress for 


(c) 


Fic. 20.—Nickel Steel LQ-W-10, 1450 cycles per minute, Distilled Water, Outer Surfaces (X 4). 
(a) 40,000 psi., 0.15 day c) 15,000 psi., 5.1 days (e) 6000 psi., 52 days 
(b) 35,000 psi., 0.8 day (d) 10,000 psi., 16 days (f) 4000 psi., 149 days 


(Fig. 20 (a)) have lowered the fatigue concentration was small because of the (] 
limit from 69,000 to 57,500 psi. (Fig. 19). small size of the fissures. The larger ir 
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fissures due to corrosion at 35,000 psi. during corrosion. Much total and net 
for 0.8 day evidently caused much damage also was caused by crevices such 
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Fic. 21.—Nickel Steel LQ-W-10, 1450 cycles per minute, Distilled Water, Longitudinal 
Sections (X 50). 
(a) 35,000 psi., 0.8 day (c) 10,000 psi., 16 days (d) 6000 psi., 52 days 


(b) 15,000 psi., 5.1 days 
greater effective stress concentration as those shown in Fig. 21 (c), and by 
‘Fig. 20 (6) and Fig. 21 (a)). Asshown fissures such as those shown in Fig. 20 
in Fig. 19, this specimen failed by fatigue (e) and (f), ‘Fig. 21 (@); and Fig. 22 
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(Fig. 19). Considerable net damage, fore, confirms the evidence in Figs, 16, 
moreover, was caused by the rounded 17, and 18, that cyclic stress tends to 


Fic. 22. Nickel Steel LQ-W-10, 1450 cycles per minute, Distilled Water, Continuous Longitud 
Section (X 50). 
4000 psi., 149 days 


pits and incipient crevices shown in accelerate corrosion pitting, especially 

Fig. 21 (6). in regions of highest stress concentration 

lhe evidence in Figs. 19 to 22, there- around the corrosion pits. A discus 
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sion of the process of stress corrosion is 
given in a previous paper (18). 
Acknowledgment: 
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preparation and photographing of the 
metal specimens. 
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Mr. J. M. Lessetys.'—The paper is 
another contribution to the subject of 
corrosion-fatigue with which work the 
name of McAdam will always be 
associated. 

There are indications that the method 
of machining the original surface may 
have a bearing on the results obtained. 
This appears to be true for fretting cor- 
rosion. It would, therefore, be of value 
to know how the test bars were ma- 
chined and the grade of lubricant em- 
ployed in the final grinding. The steps 
in the final polishing would also be of 
interest. 

On page 700, it appears that only one 
specimen was employed to determine 
the fatigue life. This is satisfactory 
provided we know there is normally 
little “scatter” in the results. Three 
specimens might have been better than 
one. 

On page 719, reference is made to frac- 
ture by a single or repeated load. 
“Single” presumably refers to brittle 
material. On this page the author also 
discusses stress gradient due to concen- 
tration effects, but does not enlarge on 
this due to lack of space. Although 
this may be fully covered by previous 

! Associate Professor of Mechanical Engineering, 


~ s—naeaae Institute of Technology, Cambridge, 
Mass. 


DISCUSSION | 


papers by the author some further ep. 
largement of this discussion might be 
very useful in the present paper. 

A final point is that a few plots with 
a less number of variables might be 
helpful. For instance from Fig. 3 for 
a period of 70 days corrosion time in 
well water we get for the steels desig- 
nated AT, JR, IW and AY effective 
stress concentration factors Ky of 1.27, 
1.5, 1.78 and 2.0., respectively. 

Mr. D. J. McApam, Jr.2—Theques- 
tion of surface preparation of these 
specimens was very thoroughly described 
in connection with previous papers on 
stress corrosion. I would refer Mr. 
Lessells to these previous papers. 

The question of the use of one speci- 
men in determining a fatigue limit might 
be answered by saying that we at first 
used a number of specimens to deter- 
mine the fatigue limit. Later we found 
that by selecting a stress that would 
cause failure at not much less than a 
million cycles, we could determine the 
fatigue limit by extrapolation. By using 
only one specimen for a determination 
we were able to make tests at a number 
of different stresses, and this was quite 
an advantage. 


2 Metallurgist, National Bureau of Standards, Wast 
ington, D. C. 
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_ A NEW HIGH-TEMPERATURE FATIGUE MACHINE | 
By W. P. WEtcH! AND W. A. WILSON? 


r en- 
it be 


SYNOPSIS 
with A new machine for the rapid determination of the endurance limit of metals 
tbe at high temperatures is described. The specimen is stressed in alternating 
3 for bending at a frequency of 120 cycles per second (7200 cycles per minute) and is 
ne in driven at constant amplitude by a reciprocating electromagnetic motor sup- 
lesig- plied with 60-cycle power from the house line. Since the machine operates 
ctive very close to resonance, an electronic control is provided to maintain constancy 
1.27, of amplitude despite the small changes in the line frequency (+ } per cent) 
which occur on a well-regulated power system. Heating of the specimen is 
ques- accomplished by means of a simple bell-type electric furnace, and tests may be 
these run at any constant temperature up to 1000 F. . 
aed The specimen employed is of generous proportions and is simple in form. «+ 
No accurate alignment of parts is required in setting up the specimen in the 
machine. 
Mr. The results of operating experience over a period of a year is reported along = 
with test results showing the quality of the data that have been obtained. 
speci- 
might 
t first To the designer of high-speed machin- for this deficiency. The conventional — 
deter- ery the endurance limit is one of the most room temperature determination of the 
found significant physical properties of the endurance limit is in itself a very time- 
would materials used for highly stressed parts. consuming and expensive procedure, 
han a Although steels and other materials have involving the testing of from five to— 
ne the for many years been employed in high- twenty specimens, the running time of 
y using temperature applications under condi- _ several of the tests being of the order of f 
nation tions of repeated stress, at present very weeks. Now if we add another param- 
umber little information is available on the eter, the temperature, to these experi- 
; quite endurance limit of these materials at ments, an enormous amount of time is" 
elevated temperatures. New high-tem- required for the complete test. Still 
on perature alloys in great abundance are another fact makes the high-temperature 
s, 


how being offered the designer, yet in test more laborious. In general, and 
almost all instances the endurance limit especially for the case of ferrous alloys, 
of these alloys at their proposed operat- the conventional S-N curve depicting 
ing temperature is estimated from room the results of a complete fatigue test 
temperature tests. becomes almost straight and horizontal 
There is, of course, a very good reason at a number of cycles usually not ex- 
‘Research Engineer, Research Laboratories, Westing- ceeding 10,000,000 cycles, indicating 


house Electri ing 
burgh, Pas Manufacturing Co., East Pitts: an endurance limit has been 


*Mechanical Engineer, Turbine Engineering Dept ea 
Westinghouse Electric and Slenulestedins Go, tater Va reached. However, this is not the case 
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for these same materials at high tem- 
peratures. Experimental evidence, 
some of which will be presented herein, 
shows that the S-N curve continues to 
fall even beyond 100,000,000 cycles. 
In fact, for some of the materials which 
we have tested at 850 F. the curve is 
still falling at 500,000,000 cycles. These 
two factors, the inclusion of an additional 
parameter, and the necessity for making 
very long tests, make high-temperature 
fatigue testing very lengthy even when 
compared with fatigue testing at room 
temperature. 

Several elevated temperature fatigue 
machines have been developed in recent 
years by other investigators.’ For the 
most part, these operate at low or 
medium speeds, and, inasmuch as we 
desired to subject specimens to as many 
as a billion stress cycles (1 yr. at 1900 
cycles per minute), these machines were 
considered too slow for our purpose. 
The B. P. Haigh electromagnetic fatigue 
machine* may be adapted to high-speed 
operation and testing at elevated tem- 
peratures, but it was desired to test a 
larger specimen than the Haigh specimen 
and also to eliminate the alignment 
difficulties intrinsic with the axial load- 
ing type of machine. The major char- 
acteristics which are desired in a fatigue 
machine for this purpose may be sum- 
marized as follows: 

1. It should be possible to run tests 
at any constant temperature from room 
temperature to 1000 F. 

2. The speed should be high, prefer- 
ably greater than 100 cycles per second, 
but not so great as to affect the en- 
durance limit to a marked extent. 

3. The specimen should be simple in 


+H. F. Moore and N. J. Alleman, “‘Progress Report on 
Fatigue Tests of Low-Carbon Steel at Elevated Tempera- 
tures,’”’ Proceedings, Am. Soc. Testing Mats., Vol. 31, 
Part I, p. 114 (1931). 

F. M. Howell and E. S. Howarth, “‘A Fatigue Machine 
for Testing Metals at Elevated Temperatures,’”’ Proceed- 
ings, Am. Soc. Testing Mats., Vol. 37, Part II, p. 206 (1937). 

* For a description of this machine see ‘“‘The Haigh Alter- 
nating Stress Testing Machine,”’ The Engineer, Vol. 132, 
July 29, 1921, pp. 116-117. 


form. Complicated clamping scheme 
should be avoided because of the high 
relaxation rates encountered at elevated 
temperatures. 

4. Very accurate alignment of the 
specimen should not be required. Ip 
this respect the reversed-bending type of 
machine would be the most suitable. 

5. The machine should preferably be 
of the constant-load type. 

To fulfill this need for high-tempera- 
ture testing, a new fatigue machine has 
recently been developed. The specimen 
is stressed in alternating bending at a 
frequency of 120 cycles per second 
(7200 cycles per minute), and, by means 
of an electric furnace, tests may be 
conducted at any temperature up to 
1000 F. As shown in Fig. 1, the speci- 
men is of generous size and moreover it 
is easily machined. A comparison of 
this specimen with two other common 
types of fatigue specimens, one for the 
B. P. Haigh direct stress machine and 
the other for the R. R. Moore rotating 
beam machine may be obtained from 
Fig. 2. The complete machine in- 
cluding the control, is shown in Fig. 3. 

PRINCIPLES OF OPERATION 

The machine may be classed as 4 
fixed-cantilever, constant-deflection, 
type, designed primarily for the applica- 
tion of alternating bending stress to the 
specimen.> Figure 4 is a diagrammatic 
sketch showing the moving parts of the 
machine and illustrating the operating 
principles. The specimen A is clamped 
at the top to the stationary frame 5 
and at the bottom by the lower clamp ©, 
This specimen-clamp system is flexed in 
bending at a constant alternating ampli 
tude by a reciprocating driving motor, 
connected to C by the drive rod D. The 
driving motor comprises the armature 
beam E, shown in elevation in Fig. # 
(a) and (6), and a stator, whose pla? 


5 Means are provided for the superposition of a steady 
bending stress to the specimen, but as yet no 0 
experience has been acquired with this feature. 
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emes Mf view is Fig. 4 (c). The armature beam the line frequency, or 120 cycles per 


high is constrained to rotation about an axis second. ‘To reduce the magnitude of the 
ated through O by the torsion bar F. When _ required driving forces, the armature- 
power is fed into the stator coils alternat- specimen system is tuned to nearly 120 
the ing magnetic forces, indicated by the cycles by the addition of small tuning 
In double arrows in Fig. 4 (a), act on the weights to the lower clamp at H. Fur- 
pe of armature punchings G. These forces thermore, to reduce the force trans- 
le. mitted by the drive rod D, the vibrating 
ly be . system consisting of the armature beam 
E and the torsion spring F is tuned alone 
pera- : to 120 cycles. Thus, the machine 
e has ---=+ operates very close to resonance, and, 
‘imen / as a result, small changes in the line 
at a frequency will cause large changes in 
cond the double amplitude d, provided, of 
neans course, that no control is employed. 
y be fori Drill Actually, these and other changes in 
ip to amplitude are inhibited by means of an 
speci- Fic. 1.—Specimen for 120 cycle Bending electronic control circuit whose input 
Fatigue Machine. : 
ver It _ _ connects across the two contacts, L 
on ol 
nmon 
yr the 
e and 
tating 


as a 
ection, 
pplica- 
to the 
nmatic 
of the 


erating 

amped 

ame B Fic. 2. Comparison of Specimen (A) with Specimens for B. P. Haigh Machine (B) and R. R. 
amp C. Moore Machine (C). 

exed in 

ampli- drive the system at the desired double and L’ Fig. 4 (a). Contact L is mounted 
motor, amplitude d. on the armature beam, while contact 
. The _ Two-phase 60 cycles operating power  L’ is adjustably mounted onto the frame. 


mature s obtained through Scott transformers The control, described in Appendix A,° 
Fig. 4 om the 60-cycle house line. The regulates the driving power, which is 
se plan clectromagnetic forces, since they depend normally under 40 watts, so that the 
— only upon the magnitude and not the contacts strike lightly when the beam 
“operating itéction of the current, vary at twice p. 743. 
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is in the extreme left-hand position. may be easily read from a calibrated 
The double amplitude d may be varied scale in the microscope eyepiece. The 
by changing the position of the contact crank protruding from the middle of the 
I by means of the adjusting screw. machine regulates the position of the 
i adjustable contact which controls the 
CONSTRUCTION DETAILS operating amplitude. 
Figure 5 is a good close-up view of the A better idea of the constructional 
mechanical parts and the driving motor. features may be obtained from the 


Ve 
Schematic Diagram of Mechanical Parts. 
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Fic. 5.—Mechanical Assembly of Fatigue Machine. 
Shown in the foreground is the cali- assembly drawings, Fig. 6. The electric 
brated microscope used for reading the furnace 4 is a bell-type furnace which 
double amplitude of motion d. Mounted _ slips over the frame 2 and rests on the 
on the top of the armature beam is a furnace supporting stand 5. The 
larget consisting of a small gold bead furnace is maintained at a constant 
attached to an inclined flat plate, K, temperature by means of a differential 
Fig. 4 (6). This target, when suitably expansion relay 6 consisting of a 18-8 
illuminated, appears in the microscope _ stainless steel tube surrounding a quartz 
a a bright line, the length of which is rod. The differential expansion between 
the double amplitude d, and this length tube and rod opens and closes a pair 
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‘ 4 
6.—Mechanical Assembly Drawing. 
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of contacts in the relay head 6’, which 
in turn controls the voltage applied to 
the heating coil of the furnace. The 
temperature of the mid-point of the 
specimen is continuously measured by 
the thermocouple 7, inserted into the 
1 in. diameter axial hole in the specimen. 

The frame 2 is made of 18-8 stainless 
steel and is thermally insulated from the 
main frame 8 by the intermediate in- 
sulating blocks 22. Due to this insula- 
tion and the fact that 18-8 has a very 
low thermal conductivity the outflow 
of heat to the main frame is very small. 
Maintenance of a constant temperature 
in the furnace is, therefore, a relatively 
simple problem. 

On the main frame 8 is mounted the 
reciprocating driving motor consisting 
of the stator 9, 9, and the armature 
beam 10 with its punchings 11. The 
beam 10 is clamped to the torsion 
bar 12 at the middle while the bar, in 
turn, is clamped at its ends by the clamp 
blocks 13. These blocks are attached to 
the frame 8 through the bar 14 and 
clamps 15. Lateral motion of the 
armature beam at the axis of the torsion 
bar is prevented by the flexible strut 16. 

The drive rod 17 connects the lower 
end of the specimen clamp 3 to the 
armature beam. ‘Tuning of the system 
to 120 cycles per second is effected by 
adjusting the tuning weights 18 and 
19, the former for course and the latter 
for fine adjustments. The three drive 
coil leads and the two contact leads are 
brought off through the terminal 
board 20, 

The rubber mountings 21 isolate the 
10-cycle vibration to the machine 
itself so that a minimum of energy is 
transmitted to the supporting table. 


OPERATING PROCEDURE 


The procedure followed in setting up 


the machine for a test is quite simple 
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and has the very great advantage that no 
accurate alignment of parts is necessary. 
After the lower clamp is attached the 
specimen is clamped in the machine and 
the drive rod then tightened at both 
ends. The furnace is dropped on and 
allowed to come up to temperature. If 
the relay 6 is properly set, 850 F. equilib- 
rium is reached about 90 min. after 
turning on the furnace power. After 
the furnace temperature becomes stable, 
the specimen is tuned to resonance at 
120 cycles per second by changing the 
tuning weights 18 and 19. A line- 
frequency meter that may be read to 
0.02 cycle is used in tuning the system. 
The amount of weight required to tune 
to 120 cycles is recorded, for this quan- 
tity is used in calculating the maximum 
stress in the specimen, as will be ex- 
plained later. 

Now the striking of the contacts in- 
troduces a non-linear spring constant 
into the vibrating system, and if the 
system is driven at a frequency greater 
than its free natural frequency an in- 
stability will set in when the contacts 
begin to strike. However, if the driving 
frequency is below the system natural 
frequency, the system will be quite 
stable even when the contacts strike. 
Therefore, before beginning the test 
enough tuning weight is removed to 
detune the specimen to about 120.6 
cycles so that at all times the driving 
frequency will be less than the system 
natural frequency. 

The double amplitude of motion is 
then adjusted to the desired value by 
observing the target motion in the micro- — 
scope and simultaneously adjusting the 
position of the movable contact by 
turning the crank 23, Fig. 6. This 
completes the setting-up procedure and 
no additional attention is required until 
the specimen fails. 

The temperature at the center of the 


‘ 
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: 


740 


specimen is continuously recorded on a 
recording potentiometer. The elapsed 
cycles are indicated by the movement of 
a total time meter, shown at the top 
center of the control cabinet panel, 
Fig. 3. Upon failure of the specimen 
there results a reduction in stiffness due 
to the existence of a crack. As the 
crack progresses the specimen is de- 
tuned to such an extent that the ampli- 
tude is reduced and the control contacts 
cease to strike. When the contacts no 
longer strike a Thyratron relay opens the 
main power switch and shuts the machine 
down, stopping the elapsed-time meter. 
CALCULATION OF STRESS 

The most obvious procedure by which 
to obtain the maximum stress in the 
specimen as a function >f the measured 
double amplitude d is as follows: Re- 
ferring to Fig. 4, remove the drive rod 
D. Then load the lower clamp C at 
the point of drive rod attachment and 
measure the resulting deflection for 
various loads. From the load-deflection 
diagram the moment of the load about 
the critical section X-X as a function of 
deflection may be computed and from 
this the stress is easily obtained. How- 
ever, this apparently simple method is 
open to three serious objections: (1) 
at elevated temperatures the deflection 
under a constant load will vary with 
time due to creep; (2) the deflection 
curve for a concentrated loading at the 
end differs from the actual deflection 
curve which occurs as the cantilever 
vibrates in its natural mode; and (3) 
the use of this method necessitates 
making at least one load-deflection test 
for each material and temperature. In 
view of these objections an alternative 
method of stress calculation has been 
developed. 

This method consists of calculating 
the moment diagram due to the inertia 
loading on the cantilever during vibra- 
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tion and then computing the maximym 
stress in the specimen from this moment 
diagram. Knowing the dimensions and 
the material of all sections of the canti 
lever (consisting of A, C, and H/, Fig, 4) 
we can calculate (1) the mass distriby. 
tion and (2) the stiffness distribution 
along the length. Under the assump. 
tion that the cantilever is built-in at the 
top and knowing the natural frequency 
from experiment to be 120 cycles per 
second, the deflection diagram, or normal 
curve, is graphically determined by the 
Stodola method.? In the course of this 


determination the natural frequency is 


(@ We 
x || 


| 


(6 detector 


Deflection 


Stress 


Fic. 7.—Diagrams Used in the Calculation of 
the Maximum Stress in the Specimen. 


obtained. The deviation of this com 
puted natural frequency from 120 cycle 
is a good measure of the accuracy of the 
work. From the deflection curve, the 
mass distribution, and the frequency, 
the inertia loading diagram is cot 
structed, and then from this loading 
diagram the moment diagram for uni! 
deflection at the drive rod is computed. 
Figure 7 (a), (6), and (c) illustrate the 
cantilever under consideration, the de 
flection diagram, and the moment dis 
gram, respectively. Using the convel 

7 A description of this method may be found in a boot 
by J. P. Den Hartog, “Mechanical Vibrations, “4 


Edition, p. 174, McGraw-Hill Book Co., Inc., New 
N. Y. (1934). 
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tional formula for the maximum section 
Mc 
—, the stress 
I 

diagram, Fig. 7 (d), may be derived from 
the moment diagram. From this curve 
it is seen that the critical section X-X 
is slightly removed from the section of 
minimum diameter, the distance being 
about } in. for the usual specimen. 


stress in a beam, o = 


Ws is the effective weight in grams re- 
quired to tune the specimen-clamp 
system to 120 cycles per second. 

As a check on this method, load- 
deflection tests have been made. After 
correcting for the difference in the de- 
flection diagram between static and 
dynamic loading, the result checked 
Eq. 1 to within 1 per cent. 


IG. 8.—View of a Battery of Six Machines Installed in the Laboratory. 


In Appendix B® it is shown that for a 
12 per cent chromium steel specimen at 
foom temperature these calculations 
give the followi ‘ing formula for the 
maximum stress in the specimen: 


Ser = (113,700 + 556 We) d . (1) 


where d is the double amplitude, in 
inches measured by the microscope, and 


Now further considerations have 
shown that Eq. 1 may be used for other 
materials provided that the modulus of 
elasticity does not drop below 20,000,000 
psi. and that the density does not differ 
appreciably from 0.281 lb. per cu. in. 
A Change, say a decrease, in modulus is 
taken care of in the formula by the Ws 
term, the weight required to tune the 
specimen to 120 cycles. The tuning 
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weight, of course, decreases with the 
modulus. Inasmuch as the effect of 
elevated temperature on the stress con- 
figuration is due almost entirely to the 
change in modulus of elasticity, Eq. 1 
may be also used for high-temperature 
tests, so that, in general, for any ferrous 
material and temperature, the stress 
determination involves only the use of 
_ the single formula, Eq. 1. 


° 


OPERATING EXPERIENCE AND Test 
RESULTS 

A battery of six of these machines has 
been in constant operation at the West. 
inghouse Research Laboratories for , 
period of over a year. Figure 8 shows 
these six machines in the Laboratory. 4 
six-point recording potentiometer con- 
tinuously records the temperature of 
each of the specimens under test. 
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Fic. 9.—S-N Diagrams for 12 per cent Chromium Steel at Room Temperature, 850 F., and 1000F 


An extensive consideration of the 
various errors involved in this method of 
stress calculation has shown that the 
maximum error should be within + 13 
per cent. It is believed that the largest 
error involved is that associated with 
estimating the weights of the various com- 
ponents of the lowerclamp but an over-all 
check of this point was made by weighing 
theclamp and comparing this weight with 
the computed weight. The deviation 
was never greater than 1 per cent. 


Otherwise, each machine is an_ inde 
pendent unit. 

Fatigue tests have been run on matiy 
different types of steels and also on 
cast copper alloy. The temperature 
at which these tests have been conducted 
vary from room temperature up © 
1000 F. Several specimens have beet 
run out to nearly a billion stress cycle 
which requires a running time of abou! 
three months. a 

Figure 9 is a_ representative SA 
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diagram showing the results of fatigue 
tests on a 12 per cent chromium steel 
at three different temperatures, room 
temperature, 850 F. and 1000 F. The 
experimental evidence indicates that at 
room temperature this steel possesses 
an endurance limit of 62,000 psi. as is 
evidenced by the flattening of the S-N 
curve above 2,000,000 cycles. However, 
at 850 F. and higher temperatures there 
is no flattening of the curve up to 
500,000,000 cycles. Therefore, if we 
assign a value to the endurance limit, 
we must also state the corresponding 
number of cycles at which this value was 
read off of the S-N curve. Thus, we 
say that at 300,000,000 cycles the 
“endurance limit” of this steel is 46,000 
psi. at 850 F. and 37,000 psi. at 1000 F. 

Rotating beam specimens, 0.273 in. 
in diameter, of this material run at 1725 
rpm. gave a room temperature endurance 
limit. of 56,800 psi. 

The physical properties of this mate- 
rial are: 
Yield point, psi 
Tensile strength, psi 
Elongation, per cent 


Reduction of area, per cent 
Brinell hardness 


CONCLUSION 


The fatigue machine that has been 
described has been developed to per- 
lorm the type of tests whose results are 


APPENDIX A 


DESCRIPTION OF THE AUTOMATIC AMPLITUDE 
CONTROL 


The control elements associated with the 
main mechanism are separately housed, in 
the black cabinet under the table in Fig. 3. 
This includes the amplitude control, the 
furnace temperature control and the auto- 
matic shut-off relay. Inasmuch as _ the 
‘emperature control is not particularly 
novel, consisting only of a temperature- 
“ensitive relay which through other relays 
puts one or another of two adjustable volt- 


48s onto the furnace heating element de- 
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presented in Fig. 9. The additional 
parameter, temperature, and the neces-. 
sity for running tests out to about 
500,000,000 cycles has made a high-speed 
machine almost imperative for this class 
of work. This new machine operates at 
120 cycles per second, or 7200 cycles per 
minute. Excepting the fact that the 
machine is the constant-deflection rather 
than the constant-load type, all of the 
desired specifications laid down in the 
first part of this paper for a high-temper- 
ature fatigue tester have been satisfied. 
In addition, the machine requires no 
calibration at the various temperatures, 
and furthermore, there are no bearings 
or lubrication problems. Six of these 
machines have been in successful opera- 
tion in the Laboratory for over a year. 
They have yielded information which 
by any other method would have taken a 
considerably longer time to obtain. 
Acknowledgments: 

The development of this fatigue 
machine was a group project in which 
J. G. Baker, F. C. Rushing, B. D. 
Cametti, and the authors participated. 
The fatigue tests shown in Fig. 9 were 
conducted by P. R. Toolin. The authors 
wish to thank R. E. Peterson for his help 
and guidance on this project and L. W. 
Chubb and the Westinghouse Electric 
and Manufacturing Co. for permission 


to publish these results. 


pending upon whether the furnace is too 
hot or too cool, the circuit will not be de- 
scribed. A schematic circuit diagram of. 
the amplitude control is shown in Fig. 10. 
The actual circuit diagram is too involved 
to reproduce in the limited space herein 
available. 440-v. three-phase house power 
is converted to two-phase 110-v. by the 
Scott connected transformers, A. Each of 
the two phases feeds an identical circuit 
consisting of a variable auto-transformer, 
B, a pair of a-c. coils on a saturable reactor 
C, and one of the two drive coils D on the © 
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machine proper. The variable auto-trans- 
formers afford a manual control of the volt- 
age available for the reciprocating driving 
motor, and the reactors are part of an 
automatic control of the same quantity. 
The output current from the power 
amplifier, shown in Fig. 10, flows in the d-c. 
coils of the reactors. This current deter- 
mines the degree of saturation in the reactor 
and thereby its impedance to the drive-coil 
current. ‘The amplifier output is controlled 
by the input voltage which in turn is the 
output voltage of the stabilizing network 
shown in Fig. 10. This voltage depends 


- 


4 


_Automatic 
Shut-Off 


amplitude. The reactor impedance dete 
mines in turn the drive-coil current, 
which the amplitude depends. The arrange. 
ment is such that the reduced effectiy: 
contact resistance due to increased amp] 
tude increases the (negative) input voltag 
to the amplifier, thus reducing the amplifier 
output current. This raises the reactor 
impedance which results in a reduced drive. 
coilcurrent. The amplitude is thus reduced 
which is the correction desired. The fune- 
tion of the resistance-capacitance input 
network is to stabilize the system and elimi. 
nate hunting. 
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Fic. 10,—Schematic Diagram of Amplitude Control Circuit and Automatic Shut-off Relay. 


directly upon the intensity of striking of the 
contacts L, L’. These contacts are mounted 
on the armature and the frame of the 
machine proper. They are shown both in 
Fig. 4 and Fig. 10 and have been previously 
described. Since the contacts are in series 
with the 550 d-c. voltage, their effective 
resistance determines the current which 
flows in the network and hence the output 
voltage. The effective contact resistance 
depends, of course, upon the intensity with 
which the contacts strike, and this, for a 
given contact setting, is a function of the 
armature amplitude. Thus the impedance 
of the reactors is controlled by the armature 


The automatic shut-off relay, shown in 
dotted lines in Fig. 10, comprises a Thyte 
tron tube whose plate current operates the 
solenoid relay whose contacts are shows 
in the main 440-v. supply line in Fig. 1 
The control grid voltage which fires the 
Thyratron is derived from the voltage 
across the contacts L, L’, so that when the 
contacts are striking the relay is closed, but 
when the contacts cease striking the rela) 
opens, taking the machine off of the line 
and at the same time stopping the totd! 
time meter. This Thyratron circuit hasé 
delayed action so that the machine does 10 
shut down if the contacts do not strike fo! 
one or two cycles. 
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APPENDIX B 


MetHop OF CALCULATING THE MAXIMUM 
STRESS IN THE SPECIMEN 


As was previously discussed in the paper, 
the deflection and the moment diagrams, 
Fig. 7 (b) and (c) are constructed from the 
mass and stiffness distribution along the 
cantilever by the graphical method due to 
Stodola.?. For this computation a value of 
the tuning weight necessary to tune the 
cantilever to 120 cycles, which we shall 
designate as Wy, was used. In addition, 
the amplitude at the drive rod, y, was taken 
as unity. We define the additional sym- 
bols: 

My = bending moment at the minimum 

section of the specimen, 

dy = diameter of minimum specimen, 

My = Mu + Mo, where, 

Ma = bending moment due to mass of 

specimen and clamp, 

Mw = bending moment due to tuning 

weight, 

We = effective weight of tuning weight, 

; referred to the drive rod; 
and, furthermore, when any synbol is 
“primed,”’ as Mo, the quantity is that for 
unityamplitude. Let us express the formula 
for stress in a form in which We appears 
explicitly. It is easy to calculate the mo- 
ment of the inertia force of Wz about the 
minimum section. Calling this Mg we 
have 
Mo = Mo, + Mos 


irom which My; may be obtained. ‘Then 
the total moment for a slightly different 
value of We and for any amplitude y is 
given by: 


Ws 


and the maximum stress gp at the section of 
minimum diameter is 


where Zp is the section modulus. Now the 
greatest stress in the specimen, which we 
shall call o.,, or the critical stress, does not 
occur at the minimum section but at a 
section which is about } in. above the 
minimum section. Knowing the geometry 
of the specimen (see Fig. 1), the bending 
moment M4 and the slope of the moment 


diagram, 


0 
a at the minimum section 
x 


(see Fig. 7 (c)) it is a straightforward prob- 
lem in calculus to compute the greatest 
stress in the specimen. The result is: 


Rd,f 1 dM, 


R is the radius to which the specimen was 
machined (9} in. in Fig. 1). Combining 
Eqs. 3, 4, and 5 we obtain the formula for 


the stress 
| 


1 dM; 
cr = 1 
( dx 
My + —? We) (6) 
We 


in which My is obtained from Eq. 2 and all 
other quantities except Wz and y are known. 
The amplitude y is directly proportional 
to the double amplitude d measured by the 
microscope. Substituting the appropriate 
numerical values into Eq. 6, we obtain the 
stress formula given in Eq. 1: 


Ocr = (113,700 + 556Wx)d 


Mo 
| 


DISCUSSION 


Mr. J. M. Lessevis.'—This is a very 
welcome addition to the literature of 
fatigue and describes a very interesting 
fatigue testing machine. 

Test data on the fatigue strength of 
steels at high temperature are very 
meager but from what has already been 
published we generally accept the idea 
of a drooping curve as shown in Fig. 9. 

There is one question: namely, have 
the authors any explanation for the 
difference in endurance limits as found 
by them: namely, 62,000 psi. for the 
new type of machine and 56,800 psi. for 
the rotating-beam type? 

Mr. W. P. Wetcu® (author’s closure, by 
letter).—Mr. Lessells has asked for an ex- 
planation of the difference in endurance 
limits as determined by this machine 
and by the rotating-beam machine, 
an R. R. Moore rotating simple beam 
machine. ‘This difference may be pri- 
marily attributed to the fact that this 
new machine is a “vibratory” type, 
while the rotating-beam machine is, 
as the name implies, a “rotating” type. 
Endurance limits as determined by 
vibratory machines are almost uni- 
versally higher than endurance limits 
determined by rotating-beam machines, 
other conditions being the same. 

For quantitative data on this subject, 
let us refer to the current report of the 
Research Committee on Fatigue of 
Metals.* With this report is included 
an appendix, entitled, ‘““The Effect of 
Type of Testing Machine on Fatigue 
Test Results.” As a part of this work, 
two determinations of endurance limits 
were made on R. R. Moore rotating 


' Associate Professor of Mechanical Engineering, 
Massachusetts Institute of Technology, Cambridge, Mass. 
* Research Engineer, Research Laboratories, Westing 
house Electric and Manufacturing Co., East Pittsburgh, 


‘3 See p. 132. 


simple beam machines and one deter. 
mination of endurance limit was made 
on the Krouse mechanical vibratory 
machine, in which test specimens of the 
same material and of the same diameter 
(0.300 in.) were employed. The results 
of these determinations, for two different 
steels, is given in the following table: 


Endurance 

Limit, psi. 
(b) 

Rotat- 
ing 

Type 

(Mean) 


Material 


Heat-treated alloy steel (SAE 
4340) 


80 000 
Low alloy steel (HT-50) 


47000 44.000 
The ratio of the endurance limits o/ 
the 12 per cent chromium steel, deter. 
mined by the new machine (vibratory 
and the rotating-beam machine, respec- 


tively, is 1.084, which is not greatly 
different from the two ratios reported 


above. However, it is to be noted that 
the ratio 1.084 should be corrected for 
size effect if it is to be directly compared 
with the committee’s results. The diam- 
eter of specimen was 0.550 in. for the 
new machine specimen and 0.273 in 
for the rotating-beam machine specimen. 
The committee’s report discussed the 
size effect as it existed in rotating-beam 
tests. These results indicate that the 
endurance limit for a 0.550-in. diameter 
specimen should be approximately % 
per cent that for a 0.273-in. diameter 
specimen. However, in correcting ou! 
tests for size of specimen it would be 
necessary to have size effect data deter 
mined from vibratory specimens. It's 
entirely possible that the magnitude 
this effect might be considerably difier 
ent from that determined for rotating 
beam specimens. 
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TESTING MATERIAL IN THE RESONANCE RANGE 


By R. K. BERNHARD! 


SYNOPSIS 


The effect of the amplification factor at or near resonance can be used 


advantageously in testing materials. 


The fundamental principle governing 


the investigations at or near resonance are discussed. An oscillator driven 
endurance test machine based on the resonance principle is described more 


in detail including control units and calibration. 


The main purpose of this 


machine is to test larger specimens and riveted or welded structural units: 
static and dynamic load conditions, alone or superimposed, can be produced 
at high frequencies, requiring a rather small power input for the driving motor. 


A few test data are presented. 


INTRODUCTION 


The evergrowing demand for testing 


material under combined static and dy- 
namic loads in order to be able to imitate 
service conditions as closely as possible 
requires the introduction of new research 


methods. Those methods which allow 
investigations under constant and pul- 
sating loads either alone or superimposed 
are preferable. In Fig. 1 the various 
combinations of static and dynamic 
stresses are represented graphically. 
The two 45-deg. lines indicate the static 
load variations in the tension or com- 
pression range. The sinusoidal curve 
shows the dynamic load variations, su- 
perimposed either as alternating stress 
in both ranges, tension or compression, 
or causing a complete stress reversal with 
no static prestress. Furthermore, larger 
specimens, or still better, structural units, 
may replace small test specimens to re- 
duce the often undesirable influence of 
surface condition, etc. Ordinarily the 

Profe: 


essor, and Head of Department of Engineering 


Mechanics, ‘The Pennsvlvanie 
College, Pe. e¢ Pennsylvania State College, State 


larger specimens would require a power- 
ful driving mechanism for the testing 
machine; hence to decrease the power 
requirements, the amplification factor 
caused by resonance effects will be of 
considerable value. However, working 
in or near the resonance (unstable dy- 
namic equilibrium) demands special con- 
trolling devices. 


Existing Methods: 


(Quite a number of testing machines 
are based on the above mentioned prin- 
ciples. Four characteristic types of ma- 
chines might be mentioned: 

1. Fatigue testing machines with elec- 
tromagnetic drive.’ 

2. Tension-compression machines 
driven by mechanical oscillators.’ 

Both types of machines operate at res- 
onance frequencies, but have been built 
for rather small specimens only. 


2Rayflex Fatigue Testing Machine, 
Baldwin-Southwark Co., Philadelphia, Pa. 

3 E. Lehr and W. Prager, ‘‘Endurance Testing Machine 
for Superimposed Alternating 
and Shear-Stresses,”’ Forschung., Vereines Deutscher 
Ingenieure, Vol. 4, No. 5, September-October, 1933, 
p. 209. 
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Fic. 1.—Graphic Representation of Static and Dynamic Stress Ranges. 


AB = Static tension only. 
CD = Pulsating stress in tension ranges. . 
EF = Complete stress reversal] (tension compression). 


1.0 
We 


Fic. 2.—Resonance Curves for Exciting Force Fic. 3.—Resonance Curves for Constant 
Increasing with the Square of the Frequency Exciting Force, Power (L), Discord (Z) Curves 
(w*.), Power (LZ), Discord (7) Curves. 

Notes for Figs. 2 and 3 
The X-axis represents the ratio of the exciting frequency to the natural frequency, called discord or tuning factor 
z=“). 

On the Y-axis the corresponding power input (L) is plotted. The three curves in each figure demonstrate the a 

fluence of different damping coefficients (a1 = 
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3. Fatigue testing machines with ec- 
centric drive.‘ 

4, Pulsator types, driven by hydraulic 
means (oil pumps).® 

These two latter types can be used for 
larger specimens; however, they operate 
substantially below the resonance fre- 
quencies, thus, are confined to rather low 
frequencies. 

Hence, none of these machines fulfill 
all three conditions simultaneously, 
namely, (1) are able to test large speci- 
mens or structural units, (2) reduce the 
power input by working in or near reso- 
nance, and (3) allow higher working fre- 
quencies. 


Difficulties Involved: 


The purpose of this paper is to discuss 
the previously mentioned difficulties for 
this type of testing and to describe a ma- 
chine where a satisfactory control at or 
near the resonance frequency has been 
achieved. To keep the resonance range 
under control, three specific consider- 
ations are important: 

1. The unstable dynamic equilibrium 
near the resonance point represents the 
most important consideration as can be 
seen from the power-discord curves of a 
one degree of freedom system. In Figs. 
2 and 3, two characteristic families of 
response curves® for different damping 
values are shown. The discord (z), that 
is, the ratio of exciting angular frequency 
(a) to natural angular frequency (wn) is 
plotted against the power input (ZL). In 
Fig. 2 forces increasing as the square of 
the exciting frequency and, in Fig. 3 con- 
stant exciting forces (independent of the 
frequency) are assumed. 


p,W.W. Wilson, “Fatigue Tests of Riveted Joints,” 
Civil Engineering, Vol. 8, No. 8, August, 1938, p. 563. 
tural Templin, “Fatigue Machines for Testing Struc- 
ie Units,” Proceedings, Am. Soc. Testing Mats., Vol. 
p. 711 (1939), 

Universal Testing Machine,” Zeitschrift des Vereines 
Ingenieure, Vol. 80, No. 47, November, 1936, p. 


Stine Graf, “On Endurance Experiments with Flat 
Vole and Riveted Joints of Light Metals,” Der Stahlbau, 
er August 16, 1935, p. 132. 

Spith, “Theory and Application of Oscillators,” 


Julius Springer, Berlin (1934). 
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All curves indicate that in the reso- 
nance range a small change in discord 
corresponds to a large difference in power 
input. Furthermore, for exciting 
forces increasing as the square of the fre- 
quency (Fig. 2), the larger damping 
causes the maximum values of the power 
L to shift towards higher discords. Only 
with constant exciting forces, as shown 
in Fig. 3, can this shift in the resonance 
peak, caused by larger damping values, 
be avoided, thus yielding curves which 
are almost symmetrical with respect to 
the vertical axis at z = 1. 

Hence the first step is to stabilize the 
location of the resonance peak. This 
can be achieved by some means which 
will allow the excitation of vibration with 
a constant force amplitude independent 
of the discord. 

2. The second difficulty is caused by 
the steep incline of the curves on either 
side of the resonance point. This can be 
overcome by electrical means. To sta- 
bilize the driving motor, that is, to cause 
it to keep a constant frequency independ- 
ent of the load, a Ward-Leonard motor 
generator set with an adjustable diverter 
across the generator series field can be 
used. By proper adjustment of a com- 
pound shunt, the motor will remain al- 
ways at the required frequency regardless 
of whether the steep upward portion of 
the response curves causes an abrupt in- 
crease, or the downward portion an 
abrupt decrease in the required power 
input. 

3. Finally the third step consists of a 
continuous automatic control of both the 
desired static load and the superimposed ° 
dynamic load, either alone or combined. 
Mechanical devices can be used advan- 
tageously, such as adjustable maximum 
and minimum contacts; these contacts 
are energized by superfrequency appa- 
ratus, as for example seismic pendulums 
which respond to changes (relative mo- 
tion) only, either of the desired constant 
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Endurance Testing Machine for Static Tension or Compression and Superimposed 
Pulsating Stresses. 


= Specimen. 
Grips. 
‘lexible leaf joint 
ain spring for static prestress. 
Prestress control motor. 
Prestress control pendulum. 


Mechanical oscillator to excite alternating stresses. 
Oscillator motor. 

Alternating stress control motor. 

Alternating stress control pendulum. 

Manual control box for alternating stress and prestress. 
Stroboscope. 

Phasemeter. 


.--Compression 


| Mechanicol 
Oscillator to Excite 
Revolution Oscillator A A Verna fing Stresses 


| 


Tachometer 
Flexible Leaf Joint--4q YY, Control 


Specimen Generator Pendulum 
(Structural Unit) on 


PS_}7 


_Main Spr m a 
for Stotic de 
Pendulum Prestress tages 


! Motor General rend 
— Word - Leonard therm 
tions 
4 OC units 
220% 
4 Manual Control for 3-Phase Li 
Alternating Stress Main Switch pos 
and Prestress Board (see 


Control Box 


Micrometer 
Microscopes 


Fic. 5.—Endurance-Testing Machine. Diagram of mechanical set-up including control units. 
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prestress or the desired alternating 
stresses. 

ENDURANCE TESTING MACHINE 

The testing machine (Fig. 4) as de- 
veloped in the laboratory for testing 
materials of the Pennsylvania State Col- 
lege (School of Engineering) is based on 
the above principles. An endeavor is 


6.—Flexible Leaf J 
» 9pecimen (c) and Cathetometer (microm- 
¢ter-microscopes d; and 


made to overcome most of the disadvan- 
lages associated with tests performed 
near or in the resonance range. Fur- 
thermore the machine permits investiga- 
lions of large specimens or structural 
units. Finally, research including com- 
binations from the tension to the com- 
Pression range upon which are super- 
imposed sinusoidal alternating stresses 
see Fig. 1) are made possible. 


The general setup is shown schemati- 
cally in Fig. 5. The cantilever beam 
with a lever ratio of 1:8 transmits the 
required stresses to the test piece. A 


Fic. 7.—Static Prestress- or Precompression 
Control. 


a = Spring. c = Worm gear drive. 
6 = Control motor. d = Control pendulum. 


frictionless steel leaf joint (Fig. 6) sup- 
ports this beam. 
Static Prestress: 


Interchangeable calibrated compres- 
sion springs (Fig. 7) are used to stress the 
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specimen either in static tension or com- 
pression, depending upon whether the 
specimen is fixed beyond or between the 
flexible joint and the interchangeable 
spring. 

The spring constant of these springs 
governs to a considerable extent the 
natural frequency of the complete vibrat- 
ing system for vertical displacements. 
By proper selection of the stiffness of 
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in such a manner that only the vertig) 
components of their centrifugal fore 
remain. A differential gear arrangement 
allows a change of eccentricity of th 
rotating system while the machine js 
operation (see Figs. 4 and 5). Thus the 
first requirement of a constant force am. 
plitude, that is, symmetrical power-fre. 
quency response curves as shown i 
Fig. 3, is fulfilled. 


Fic. 8.—Mechanical Oscillator. 


_ @ = Shaft to main oscillator driving motor. 
b = Flexible shaft to eccentricity control motor. 


these springs the required resonance fre- 
quency can be obtained. 


Dynamic Superimposed Stress: 


A mechanical oscillator (Fig. 8) excites 
the superimposed dynamic stresses.’ 
The oscillator consists of two pairs of 
eccentrically supported masses. Both 
pairs are rotating in opposite directions 


7R.K. Bernhard, “Dynamic Tests by Means of Induced 
Vibrations,” Proceedings, Am. Soc. Testing Mats., Vol. 
37, Part Il, p.634 (1937), 


c = Differential gear arrangement for eccentricity contro! 
d = Eccentricity indicator. 


CONTROL 
Static Prestress: 


The main prestress spring is col 
pressed for the required amount by 
means of a worm gear drive, connectét 
with a small reversible electric mot 
(Fig. 7). This motor is controlled witt 
a low frequency pendulum, damped by? 
double acting air dash pot. The upp 
end of the pendulum is rigidly fixed ¥ 
the adjustable end of the main prestré 
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spring. The lower end of the pendulum 
does not participate in the vibratory mo- 
tion and stands still with respect to the 
mean position of the main spring (see 
Fig.7). Adjustable maximum and mini- 
mum contacts are energized by the hori- 
zontal arm of this pendulum which con- 
trols the motion of motor attached to the 
fixed end of the main spring. Thus the 
compression of the main spring and 
hence the prestress of the specimen is 
automatically held constant at the re- 
quired amount. 
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pulsating stress are controlled in a man- 
ner similar to that used for controlling 
the static prestress. A small reversible 
motor automatically changes the eccen- 
tricity of the two rotating pairs of 
weights of the oscillator, hence adjusts 
the magnitude of the vertical component 
of the excited centrifugal forces. A low 
frequency double pendulum arranged in 
a horizontal position controls by means 
of adjustable maximum and minimum 
contacts the magnitude of the alternating 
stress amplitude (Fig. 9). The double 


Fic. 9.—Dynamic Stress Control. 


Superimposed Dynamic Stress: 


Frequency.—As mentioned previously, 
a Ward-Leonard motor generator set 
with an adjustable diverter supplies the 
direct current for the driving motor 
(j hp.) of the oscillator. Hence neither 
an increase nor a decrease in load, even 
in the resonance range, will change the 
Working frequency of the testing ma- 
chine. Thus the second requirement, a 
constant operating frequency, is fulfilled. 

Amplitule.—The amplitudes of the 


a = Double pendulum. 
b = Phasemeter. 
¢ = Zero point contact for b. 


pendulum is attached to the nonmovable 


part of the testing machine. Each indi- 
vidual arm of the pendulum is damped 
by a separate air dash pot acting in one 
direction only. A short lever transmits - 
the displacements of the main cantilever 
arm to the horizontal pendulums. Any 
increase of the displacement-amplitude 
of the main system causes a spread of the 
two horizontal pendulums, thus energiz- 
ing the corresponding maximum contact. 
This contact controls the rotation of the 
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reversible motor in such a way as to 
reduce the eccentricity of the oscillator 
and hence the displacement amplitude. 
For any decrease of the displacement- 
amplitude, the opposite procedure takes 
place. 

The wiring diagram in Fig. 10 shows 
the general electrical setup and in par- 
pa the arrangement of the four am- 
plifying tubes in the control box. These 
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oscillator transmits the required stress 
to the specimen or structural unit. Fy 
thermore, undesirable eccentricities 
slippage caused by the gripping of t 
specimen can be controlled. The cathe. 
tometer consists of two micrometer 
microscopes with a sensitivity of 2 X 10 
in. Any motion of two minute fiduciar 
marks attached directly on the structural 
unit in a distance corresponding to the 
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3¢ 60~ 
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~Limit Switch 


Eccentricity 
Control 
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Panel Board 


Ward-Leonard System 


Fic. 10. 


tubes, controlled by the two pairs of 
adjustable contacts (maximum or mini- 
mum) described above, energize the 
relays for the two motors; the first motor 
governs the prestress and the second 
motor the  displacement-amplitude. 
Thus the third requirement, the rigid 
control of the static and dynamic loads 
is fulfilled. 

A cathetometer (see Fig. 6) permits an 
independent check whether the cali- 
brated spring as well as the calibrated 


Endurance-Testing Machine. 


Key 


Stop t Start 


Klectric-wiring diagram. 


desired gage lengths may be measurt 
by these two micrometer microscope 
The two fiduciary marks can be illum: 
nated by a stroboscope, tuned-in tot 
working frequency of the machine, hen 
making possible the taking of reading 
at any time during the test procedut 
The change in distance of these fiducia" 
marks indicates directly the actual defor 
mation (strain or stress) in the specime 
or structural unit. 

Furthermore a phasemeter can be 
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used to determine the damping and re- 
yeals the smallest deviations from any 
established dynamic equilibrium. Phase 
deviations might be caused by minute 
fatigue cracks in the specimen not even 
visible with a microscope. The phase- 
meter consists of a lever repeating the 
position of the rotatable weights of the 
oscillator (see Fig. 9). This lever re- 
volves within an angular ring graduated 
in degrees. Independently a contact 


dynamic equilibrium (stable stage) thus __ 
making possible the close observation | 
of progressive fatigue failures. : 
Adjustable maximum and minimum 
switches automatically prevent any _ 
static and dynamic overloads; a revolu- 
tion counter indicates the number of © 
cycles endured by the specimen or 
structural unit. 
Finally a  displacement-amplitude 
meter, a tachometer (Fig. 11), and a 


Variable gear drive between oscillator motor and b. 


11.—Impulse and Frequency Control. 
_ @ = Revolution counter. 
_ 6 = Generator for tachometer. 
c= 
d = 


Main oscillator motor. 


is made whenever the main cantilever 
arm of the testing machine passes the 
zero line (mean position), energizing a 
flash of the stroboscope. These strobo- 
scope flashes illuminate both rotating 
lever arm and scale on the angular 
ring. The illuminated lever points to 
zeto phase when the motion of the os- 
cillator masses and the main cantilever 
coincide. A phase difference of 90 
deg. indicates resonance regardless of 
the amount of damping. The phase- 
meter reading is one of the most sensi- 
tive means of indicating changes in the 


wattmeter are necessary to plot response 
curves as shown in Figs. 2 and 3. 

The following data represent test 
results secured by means of this machine: 

In Fig. 12 (a) to (c), three types of 
families of response curves are plotted. 
All curves refer to the same specimen 
made of mild steel with 0.76 sq. in. 
cross-section and 8 in. length between 
the grips. On the X-axis the oe 
frequencies are plotted; on the Y-axis — 
the corresponding values are shown, 
in Fig. 12 (a) for the stress amplitude 
in the specimens, in Fig. 12 (6) for the 
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power input of the oscillator motor, The curves of Fig. 12 (a) and (6 
and in Fig. 12 (c) for the phase angle dicate, through progressive testing, the 


between force and displacement vector. drop of the exciting frequency at which 


The different curves of each figure in- the maximum stress or maximum power 


18000 


Stress Amplitude, 
Exciting Frequen 
Curves | 


Stress,psi. 


Power Input, 
Excitin Frequency 
urves 


Ww 
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Phase Angle, 
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a) 


> 


Cycles per Second 


Response Curves for Mild-Steel Specimen of 8 in. in Length Between Grips and 0.76 sq. in. 
in Cross-Section. 


Curve 1 = Initial setup. 7 
Curve 2 = Beginning of fatigue failure. 
Curve 3 = Progressive fatigue failure. 


dicate three stages, first, the initial input occurs. Since these maxima 4: 
setup, second, the beginning of slip most coincide with the resonance 
or a fatigue failure and third, a pro- quency, the spring constant of the 


gressive fatigue failure. vibrating system must have d 
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likewise. Furthermore, the broadening 
of the individual loops from curves 1 to 
3 shows a pronounced increase in damp- 
ing. 
This growth in damping may also 
be seen clearly in Fig. 12 (c) as causing 
the decreasing slope in the phase angle- 
frequency curves from 1 to 3. All 
three curves in Fig. 12 (c) pass the 90- 
deg. line of the phase angle at the cor- 
responding resonance points as shown in 
Fig. 12 (a) and (6). 

The tests were carried out under the 
following conditions: 
Maximum static working load (constant 

prestress) 
Maximum dynamic working load (alter- 


nating stress) 


+50 000 Ib. 
Maximum working frequency 


1500 cpm, 


For mild steel specimens with 0.76 
sq. in. cross-section and 8 in. gage length: 


Damping = 0.063 


Amplification factor = 50 
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S-N diagrams of smaller mild steel 
specimens did not show any difference 
as compared with results obtained on 
ordinary fatigue machines. 

The resonance frequency can be 
varied from approximately 500 to 1500 
cycles per minute. The required natural 
frequency may be obtained by selecting 


a main spring with the proper spring | 


constant. 

The fact that with a small motor of 
only 3 hp. the theoretical dynamic 
force excited at resonance in a specimen 
or structural unit will approach 800,000 
lb. (maximum capacity of oscillator X 
lever ratio X amplification factor = 


2000 X 8 X 50), appears to the author 


as opening up a field of investigation © 


offering new possibilities. 


The author takes this opportunity to — 


acknowledge the valuable help of Messrs. 
K. de Juhasz, E. Axman and H. N. 
Shoiket in designing the machine. 
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LERATED ATMOSPHERIC 
By H. Pray! ano J. L. ¢ 


C ORROSION T ION TEST 


3G? 


SYNOPSIS 


As a part of an extended investigation of the atmospheric corrosion re- 


sistance of ordinary and low-alloy s 


teels, a test procedure and equipment 


have been developed which are capable a predicting in a few weeks the 


relative atmospheric corrosion rates 


for materials of this type. The paper 


includes a general discussion of atmospheric corrosion testing, a descrip- 
tion of the procedure and apparatus used for the accelerated test, and a 
comparison of the accelerated and actual atmospheric tests for a number 


of commercial and special steels. 


The completé evaluation of a new con- 
struction material for outdoor use re- 
quires a knowledge of its atmospheric 
corrosion behavior. This may be of 
minor engineering importance if suitable 
coatings are applied and maintained, 
although if the material is intentionally 
used or unintentionally becomes bare, 
reliable information on resistance to at- 
mospheric attack is indispensable. 

Any comprehensive research program 
aimed at the development of a new steel 
for outdoor use, whether new in composi- 
tion or in method of processing, must, 
therefore, include some determination 
of atmospheric corrosion resistance. At- 
mospheric exposure tests, to be sig- 
nificant, require many specimens exposed 
in a variety of atmospheres over a period 
of several years. These requirements 
of atmospheric exposure testing have 
been recognized by this Society and 
many other official agencies. 

The usual methods of atmospheric 
exposure testing result in a corrosion 
rate - time curve, which for ordinary and 


Battelle Memorial 


1Supervising Engineer, 
Columbus, Ohio. 
2 Metallurgist, Bethlehem Steel Co., Bethlehem, Pa. 


Inst., 


low-alloy steels show that the rate de- 
creases with increasing time of exposure. 
The rate of corrosion for a steel exposed 
for a given period is primarily dependent 
upon the degree of atmospheric pollu- 
tion and the moisture conditions. These 
obviously vary with location and with 
the season at which exposure is started. 
In view of the dependence of rate upon 
duration of exposure and upon the 
vagaries of atmospheric conditions, it is 
impossible quantitatively to define 
value which is entirely characteristic of 
the atmospheric corrosion behavior of a 
steel. Further, a single type of at- 
mospheric exposure test specimen yields 
rate values that may differ considerably 
from those of actual .service. 
However, the relative atmospheric 
corrosion rates for a group of steels, il 
sufficiently comprehensive with respect 
to the number of samples, the duration, 
and the locations of exposure, constitute 
engineering information of value in the 
selection of materials. The relative cor 
rosion rates for ordinary and low-alloy 
steels after a few months exposure beat 
no relation whatever to their relative 
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rates at times corresponding to those of 
expected service. Short-time atmos- 
pheric exposure tests therefore are not 
only valueless, but can be dangerously 
misleading. The relative rates for a 
group of materials of the class under 
discussion also vary with the exposure 
location. This variation, although real, 
is in general much less than might be 
expected. 

In spite of the limitations in the results 
of atmospheric exposure testing, it is 
evident that a means of securing at- 
mospheric relative rate data without the 
tedious and time-consuming procedure 
ordinarily involved would be an ex- 
tremely useful tool. The necessity of 
waiting several years before the effect 
of a composition or processing variable 
becomes apparent, constitutes a serious 
deterrent to the development of alloys 
for which a reasonable knowledge of 
atmospheric corrosion resistance is re- 
quired for adequate appraisal. The final 
answer to any corrosion problem must 
admittedly be based on actual service 
behavior. An accelerated or pilot test 
is valuable only to the extent that it 
serves to hasten and simplify the arrival 
at that goal. 

A successful accelerated test must be 
capable of producing relative rate values 
‘for a range of material composition 
within the scope of possible interest) 
which are within the spread of the rela- 
tive rate values disclosed by field tests. 
It must show good correlation with 
actual long-time exposure tests before it 
can be used with confidence. 

The development of the test to be 
described is based upon laboratory and 
eld investigations of the atmospheric 
corrosion of low-alloy steels, including a 
study of the effects of atmospheric sulfur 
dioxide, type, frequency, and duration 
ol wetting, etc., which have extended 
over a period of years and which will be 
discussed elsewhere. Since the primary 


759 


purpose here is to describe the acceler- 
ated test apparatus and method rather 
than the differences in atmospheric 
corrosion resistance of steels resulting 
from variations in composition, only 
that portion of the data necessary to 
establish the validity of the test will be 
cited. 


APPARATUS AND TEST PROCEDURE 


The apparatus is shown diagrammati- 
cally and in part in Fig. 1. It consists 
essentially of a revolving specimen rack 
with a capacity of 96 specimens so 
mounted that the specimens travel 
through three compartments. The larg- 
est of these is a high humidity thermo- 
stat, the temperature of which is regu- 
lated by the temperature of a layer of 
water beneath the specimens. Hu- 
midity, air circulation, and water circu- 
lation are maintained by pumping the 
water at a _ controlled temperature 
through a nozzle so placed in the free 
space in the center of the specimen rack 
and directed downward that the water 
does not strike the samples. The com- 
partment is also provided with baffled 
sprays to supplement the dew formation 
that occurs on the samples and to pro- 
vide means of securing intermittent run- 
off. 

A small glass-walled compartment is 
used for drying. Air is forced upward 
through it by the blower shown in the 
diagram. The air temperature is con- 
trolled by resistance heaters in the air 
duct. 

Refrigeration is accomplished in the. 
adjoining compartment, in which the 
samples pass close to the walls of a metal 
jacket through which precooled liquid 
is circulated. 

The specimens are sheet tension test 
specimens, 0.75 in. by 12 in. by No. 22 
gage. They are suspended rigidly on 
stainless steel wires between the upper 
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Fic 1.—Corrosion Testing Apparatus. 
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and lower rings of the specimen carrier 
in a position normal to the radius of the 
rings. The openings between adjacent 
compartments are thus very narrow. 
The atmosphere from one compartment 
is prevented from entering the next com- 
partment by maintaining a slightly 
reduced pressure in the small vestibules 
that are provided between them. 

The space beneath the three compart- 
ments is used to house the operating 
equipment, namely, the compressor, 
thermostat, and circulating pump for 
the refrigerating liquid, air blower for 
the drying compartment, pump for the 
circulating water in the high-humidity 
compartment, controls for the sprays, 
and suction pump for the vestibules. 

With this apparatus it is possible to 
attain complete uniformity of treatment 


of the individual samples, a wide range — 


of wetting conditions, controlled tem- 
perature of the three phases of the cycle, 
and complete independence of the wet- 
ting, drying, and cooling conditions. As 
a result of numerous tests under varying 
conditions of operation, the following 
were satisfactory: 

Rate—Three revolutions per hour. 
This gives three complete cycles of 15 
min, wet, 2.5 min. drying and 2.5 min. 
cooling per hour. 

Drying —The blower rate and air 
temperature are adjusted so that cor- 
toded samples appear -dry at a point 
about half way through the drying 
compartment. This results in a sample 
temperature of approximately 110 F. 
on leaving this compartment. 

Cooling —The temperature of the 
cooling liquid is adjusted to 38 F. At 
this coolant temperature the specimen 
temperature as it leaves the cooling 
‘compartment is approximately 55 F. 
It was found that the specimen tempera- 
ture at this phase is not critical, the 
principal function of the compartment 
being to bring the specimen temperature 


761 


somewhat below that of the wetting © 


compartment. 
Wetting—The temperature of the 


wetting compartment is maintained at _ 


110 F. The amount of water on the 
specimen appears to be the most critical © 
factor in the entire cycle. Dew forma-— 
tion resulting from the entrance of a 
cold specimen into the high-humidity 
compartment is not sufficient. It is 
necessary to use intermittent baffled 
sprays, controlled by a solenoid valve 
operated by a timing mechanism, in | 
order to get uniform wetting just short 
of run-off. It is further necessary to 
spray continuously at a rate sufficiently 
high to give active run-off for a period 
of three cycles per 24hr. The purpose 
of this is to remove soluble corrosion 
products. 

As will be shown later, the above-de- 
scribed procedure alone is entirely in- 
capable of reproducing the relative | 
atmospheric corrosion rates of low-alloy 
steels. No manipulation of the various 
phases of the cycle has been found that — 
will duplicate atmospheric exposure re-— 
sults on bare steel. The latter appears 
to be highly dependent upon the condi- 
tion of the initial corrosion film, which — 
film is not reproduced by the cycle 
described. If, however, the initial film 
is formed by an actual atmospheric 
exposure as brief as 1 month, the cycle 
will then duplicate the later stages and 
will give, in the course of a 2-weeks test, 
relative rates that are comparable with — 
those of extended atmospheric results. 

The complete test then resolves itself 
into a short (1 month) atmospheric 
exposure, which has been found to be 
independent of the season within ordi- 
nary limits, followed by a 2-week ex- 
posure to the above test cycle. The 
combined pre-exposure and indoor test 
thus requires 6 weeks for completion 
and yields relative rates equivalent to 
several years of outdoor exposure. 
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MATERIALS signed and used by the A.S.T.M. Com. 

Test results are presented for the three ™ittee B-3 on Corrosion of Non-Ferrous 
series of steels listed in Table I. Al] Metals and Alloys. The racks were lo. 
materials were rolled to No. 22 gage cated at Bethlehem on the roof of the 
(approximately 0.032 in.), box annealed = ™4!" office building of the Bethlehem 
at 1650 F., and pickled in hydrochloric Steel Co., a typically industrial location; 
acid prior to either atmospheric or ac- 4t Columbus, on the roof at the Battelle 
~ celerated testing. The tension data in Memorial Institute in a typically resi- 
the table were obtained with standard dential section; at Boston near salt 
- sheet tension test specimens. Analyses water; and at Pittsburgh, near the river 
are ladle analyses. ‘The steels of series in a highly polluted industrial atmos. 


TABLE I.—COMPOSITION AND TENSILE PROPERTIES. 
Composition, per cent 


Carbon | Man- | Phos | Sulfur | Silicon | Nickel Chro- 
| ganese | phorus | | mium 


Series A 


0.04 | 0.012 | 0.030 | 0.01 | 0.05 | .... ’ 35 470 


0.51 0.050 | 0.028 0.05 25 150 

| | 27 400 
| 0.99 La 42 650 
| 


0.48 0.045 0.025 | 
0.52 0.167 | 0.6 
| 2.00 | od 23 400 


4.76 | 0.31 | 29450 


Series B 


0.033 | 0.13 | .... | .. | 29100 | 45550 | 
0.14 .... | 28600 45 700 
6.87 {| 6.12 (no Al added) 30700 | 49050 
0.16 | 0.18 29500 | 45800 
SERIES C 

0.100 | 0.04 0.31 0.76 

0.100 | 0.03 0.38 0.81 
0.03 0.36 1.01 


| 0.61 ' 52.600 | 70.600 
0.62 : | 54000 | 73200 25 
0.64 57 500 77 300 | 27 
0.04 0.39 1.98 0.61 ’ 65 500 82000 | 25 
0.04 0.41 | 3.04 | 0.61 ’ 64 400 85100 | 23.5 
0.03 | 0.41 2.99 0.61 ‘ 69 400 91 900 

0.038 0.025 25 700 41 300 

| 0.25 


A were known to show a wide variation phere. Duplicate samples were removel 
in atmospheric corrosion resistance and _ periodically, stripped of rust by cathodic 
were used as a yardstick in the develop- treatment in sodium cyanide solution 
ment of the test. The atmospheric data and weight losses determined. A sufi 
for series B and C were secured subse- cient number of samples was exposed 
quent to the accelerated test data. The initially so that this procedure could be 
latter, therefore, constitute predictions carried on over a period of years, o 
later verified by the atmospheric tests. until complete failure of the sheet sample 
occurred. 

Test REsuLTS The relative rate data for the thre 
series, calculated from the weight loss 
per unit area, are contained in Table II 

Sheet tension test specimens were ex- The weight loss data for the steels 
posed in racks identical with those de- series A exposed at Columbus are the 


Almospheric Tests: 


c 
G 
G] 
Gf 
| Yield | Tensile je 
nd Steel | Strength, | Strength, | jk 
Cc psi. psi. JN 
6600 | 
0. 6 200 
6750 | 
| 0. 5550 | 2 
| 0.10 0 30 
GB | 0.11 0 25.0 
| | 0 
0.10 | O 
| 0.10 | 0 
; | 0.11 0.71 0.150 
0.70 | 0.060 
} 0.12 0.77 0.14 
| 0.08 | 0.38 0.008 
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TABLE II.—RELATIVE ATMOSPHERIC CORROSION RATES? 


1 yr. 2 yr. 3 yr. 4 yr. 


Series A (Rate for Steel D = 100) _ ; 


| 1st | ist | 147 152 
108 | 115 | 3 | 108 
| 100 | 100 100 100 
} 63 | 58 
| 80 | 75 
| 


Series B (RATE FOR STEEL CV 


100 er 100 100 
110 | |... | 138 | 149 
118 | 234 | .... | 208 | 174 
147 | | 182 | 182 


Series C (RATE FoR STEEL D 


134 | 
100 | 100 ak 100 


(1) = Bethlehem. (2) = Boston. (3) = Columbus. (4) = Pittsburgh. 
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basis for the corrosion-time curves of 
Fig. 2. 

The curves show clearly that the cor- 
rosion rates change considerably with 
time, and, since the rate of change is 
dependent upon steel composition, the 
relative rates may also be expected to 
change with duration of exposure. 

According to the data of Table II, the 
change in average relative rate at the 
several locations with time after a 1-yr. 
period is appreciable. Thus, steel P 
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variably in the order, Q, M, P, D, B, 
and E. 

The relative rates for a single material 
and exposure period exhibit a certain 
variation with the location of the test 
racks. In spite of the variety of at- 
mospheres represented, the spread in 
relative rate values is not great enough 
to alter the order of corrosion resistance 
of the steels at the different locations, 
To reproduce relative rate figures within 
this spread and, therefore, to predict the 


TABLE III.—COMPARISON OF ACCELERATED TEST WITH ATMOSPHERIC EXPOSURE DATA. 


Atmospheric 


Atmospheric 
1 yr. 


Mark 


Max. | Min. . | poy 


Max. | Min. | Avg. Max. | Min. | Ave. 


Atmospheric 
4 yr. 


Accelerat 
Test* 


One 
Month 
Indoor 


Cycle No.1 | No 


One 
Month 
Atmos- 
pheric 


SERIES A 


143 
103 
100 
66 
83 
61 


SERIES 


100 
141 
205 


215 


SERIES 


a One month atmospheric plus 2 weeks indoor cycle. 


would be rated as less superior to D after 
a l-yr. exposure than after a 4-yr. ex- 
posure. For periods shorter than 1 yr. 
the relative corrosion rates are very 
different from those determined after 
longer periods of exposure. 

Considering again the average relative 
rates at the several locations, the at- 
mospheric data are reasonably consistent 
in rating the steels of a given series. In 
series A, steel Q is outstandingly superior 
and steel E inferior. After 1-, 2-, 3-, or 
4-yr. exposure, the relative rates are in- 


relative atmospheric corrosion resistance 
for similar series of steels in a shorter 
time than is required for atmospheric 
exposure, is the function of the accel- 
erated test. 


Accelerated Tests: 


Table III lists the maximum, mini 
mum, and average atmospheric relative 
rates observed at the various stations 
after 1, 2, and 4 yr. of outdoor exposure. 
These constitute a summary of the data 
of Table II. It also lists the relative 


rate 
umt 
shot 
acce 
resu 
atm 
Bt 
; test: 
T 
no ¢ 
bilit 
by! 
All 
tory 
E.............] 157 | 143 | 150 | 163 | 151 | 153 | 172 | 152 | 164 | 106 | 160 | 133 . 
; eee TS 106 | 111 | 115 | 108 | 112 | 113 | 108 | 11 | 102 117 11 phe 
eee 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 100 | 100 
68 75 | 67 | 60 62 58 | 49 | 54 | 100 140 6 mea 
81 90 | 84 | 73 80 75 | 67 | 72 | 106 175 82 I 
ae errs a 28 33 37 25 29 30 21 24 100 94 53 ] 
= ee 100 100 | 100 | 100 100 | 100 | 100 | 100 ~ 100 | 10 
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rates observed after exposure at Col- 
ymbus for 1 month, the relative rates 
shown by a 1-month exposure to the 
accelerated cycle without prior atmos- 
pheric exposure, and the relative rates 
resulting from the combined 1-month 
atmospheric plus 2-week indoor cycle 
previously described. For series A and 
B the results of duplicate accelerated 
tests are given. 

The 1-month atmospheric results show 
no correlation with the relative corrodi- 
bility of the various steels, as revealed 
by more extended atmospheric exposure. 
All of these steels appear to corrode at 
approximately the same initial rate. 

The results of exposure to the labora- 
tory test without first permitting the 
specimens to acquire an initial atmos- 
pheric corrosion film are obviously 
meaningless. 

In general, the relative rates shown 
by the accelerated test, which comprises 
a 1-month atmospheric exposure plus a 
2-week laboratory exposure, fall within 
the maximum and minimum atmospheric 
values after an outdoor exposure of from 
one to four (roughly two) years. This 
is the case for all of the materials listed 
in Table III, with the exception of the 
relatively highly resistant steel Q. 

The order of corrodibility of steels of 
any of the three series is as clearly re- 
vealed by the accelerated test data as 
by the long-time atmospheric exposure 
tests at the several test stations. In 
series C there may be some question as 
to the accelerated test value for steel 
JN, but it is apparent that the differences 
in atmospheric corrosion resistance of 
steels JG, JH, and JN are small and not 
extremely significant, as shown by 
either accelerated or atmospheric tests. 


CONCLUSIONS 


It is possible to evaluate the atmos- 
Pheric corrosion behavior of steels in 
0 weeks with the same degree of reli- 


ability as can be obtained by extended 
atmospheric exposure. The test pro- 
cedure involves the formation by nature 
of an initial rust film as indoor conditions 
have not been found that duplicate this 
initial film. The specimens are then 
subjected to a controlled laboratory 
cycle, which apparently reproduces the 
active conditions (such as when wet 
with dew) of atmospheric corrosion with 
the omission of the long, nearly inactive 
(dry and completely wet) periods that 
naturally exist. 

The steels may vary in composition 
and corrosion resistance over a con- 
siderable range. ‘The results constitute 
a prediction of sufficient accuracy to be 
useful. From the many steels tested 
(data for which are not recorded here) 
no significantly misleading results have 
been secured and the method has proven 
itself useful in the development of low- 
alloy steels in so far as the evaluation 
of the effect of alloy additions and com- 
binations thereof on atmospheric corrodi- 
bility is concerned. 

The accelerated test is not presented 
as applicable to the determination of 
the atmospheric behavior of all materials, 
nor as a possible standard atmospheric 
test for low-alloy steels. It is presented 
as an example of the fact that short- 
time tests for specific purposes can be 
devised and can be used to eliminate in 
part the necessity for tedious and time- 
consuming field tests. 
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AN EQUATION REPRE SENTING THE RATE OF DE VELOPMENT OF 
RUST ON GALVANIZE D IRON SHEETS AS ESTIMATE D BY 
THE A.S.T.M. TEST 


By J. B. Austin! 


SYNOPSIS 


An equation has been derived which represents, within the accuracy of 
observation, the change of rate of rusting of galvanized iron sheets with 
change in environment and change in weight of zinc coating as estimated by 
the tests carried out by Subcommittee VIII of Committee A-5 at Altoona, 
Pa., Brunot Island (Pittsburgh), Pa., Sandy Hook, N. J., and State College, 
Pa. ‘The equation does not represent the data obtained at Key West, Fla. 
This relation besides suggesting a simple method of plotting the data in order 
to obtain a straight line, which type of plot has advantages over the usual 
graph, also enables one to derive an empirical number which can be used as 
an index of the corrosiveness of a given atmosphere to galvanized iron sheets 
when the test is made by the A.S.T.M. procedure. If the observed rate of 
rusting can be represented by the equation, this index can be evaluated from 


data for the sheets with the thinnest coating of zinc, which rust the most 
rapidly, and can then be used to estimate the rate of development of rust on 
sheets with a heavier coating. 


The influence of environment and of 
weight of zinc coating on the rate of 
development of rust on galvanized iron 
sheets has been studied at five locations 
over a period of many years by the 


for the sheets with the heaviest coating: 
it would be helpful to establish a gener 
pattern of behavior which would enal 
a prediction, on the basis of less | 
tensive observations, of the continu 


Society’s Committee A-5 on Corrosion 
of Iron and Steel.2 The results show 
that at each of the four northern sta- 
tions, namely, Altoona, Pa., Brunot 
Island (Pittsburgh), Pa., State College, 
Pa., and Sandy Hook, N. J., the average 
rate for a given class of sheet is repre- 
sented by an S-shape curve of the type 
shown in Fig. 1. As a large number of 
observations are required to determine 
each curve and as the test must be 
carried on over many years, particularly 


1 Physical Chemist, Research Laboratory, United States 
Steel Corp. of Delaware, Kearny, N. J. 
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rate of development of rust on heavily- 
coated sheet from the more rapid rate 
on lightly-coated material. Moreover 
it is convenient to have a method 0 
plotting the data which yields a straight 
line, since this greatly reduces the num- 
ber of observations required to deter 
mine the position of the curt 
interpolation is simplified, extrapolation 
can be carried out with greater assur 
ance, and occasional erratic measufe 
ments are readily recognizable by thei 
deviation from the best line through the 


whole set of points. 
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The rate curve as ordinarily drawn 
(Fig. 1) resembles certain curves which 
have been widely studied, notably, the 
rate curve for an autocatalytic reaction, 
the rate of isothermal transformation of 
austenite in steel, and the ogive curve, 
which suggests that the data for the 
rusting of galvanized sheets might be 
correlated by means of established rela- 
tions representing one of these several 


100 


equation it is possible to obtain, for the — 
observations taken at the four northern 
stations, a simple relation which ade-— 
quately expresses the change of rate of — 
rusting with environment and with 
weight of zinc coating. This equation, 
besides suggesting a simple method of 
plotting the data in order to obtain a 
straight line, also enables the derivation 
of an empirical number, which can be 


80 


Covered with Rust 


200 oz. per sq. 
ft Coatings 


8 


Percentage of Exposed Area 


Time of Exposure, years 


Fic. 1.—Rate of Development of Rust on Galvanized Iron Sheets Exposed at Brunot Island. 


TABLE I.—VALUES OF LOG (P/100 — P) FOR INTEGRAL VALUES OF P. 


curves. Of these relations, that repre- 
senting the rate of an autocatalytic 
chemical reaction is the simplest and has, 
chiefly for this reason, been used in the 
present study. 

Direct test using data published in 
1935 by the Society? shows that by a 
slight modification of the autocatalytic 


Fie” rt of Subcommittee VIII, of Committee A-5, on 

Te 1 Lests of Metallic Coatings, Proceedings, Am. Soc. 

esting Mats., Vol. 35, Part I, p. 93 (1935); Vol. 38, Part I, 


p. 88 (1938), 


used as an index of the corrosiveness of 
each atmosphere to galvanized iron sheets 
when the test is made by the A.S.T.M. | 
procedure.2 This does not, of course, 
imply that the rate of development of 
rust on galvanized sheets is an auto-— 
catalytic reaction; indeed, the applic-— 
ability of the equation implies nothing 


3 Report of Subcommittee VIII, of Committee A-5, on 
Field Tests of Metallic Coatings, Proceedings, Am. Soc. 
Testing Mats., Vol. 27, Part I, p. 191 (1927). 


| 

4 
| 
Y 
) 7 q 
| e 3 4 5 6 7 8 9 ‘ 
P 0 1 2 3 4 5 6 7 8 9 
0 © —2.00 | —1.690 | —1.509 | —1.380 | —1.276 | —1.195 | —1.125 | —1.060 | —1.005 
10 —0.954 | —0.907 | —0.866 | —0.824 | —0.788 | —0.754 | —0.721 | —0.688 | —0.658 | —0.630 — 
20 —0.602 | —0.575 | —0.550 | —0.524 | —0.500 | —0.478 | —0.455 | —0.432 | —0.410 | —0.389 — 
30 0.368 | —0.348 | —0.327 | —0.308 | —0.288 | —0.269 | —0.250 | —0.231 | —0.212 | —0.194 — 
40 —0.176 | —0.158 | —0.140 | —0.123 | —0.105 | —0.087 | —0.070 | —0.052 | —0.035 | —0.017 - 
50 0.000 | 0.017 0.035 0.052 0.070 0.087 0.105 0.123 0.140 | 0.158 
0 0.176 0.194 0.212 0.231 0.250 0.268 0.288 0.308 0.327 0.348 
70 0.368 0.389 0.410 0.432 0.454 0.477 0.500 0.525 0.550 0.575 
80 0.602 0.630 0.659 0.689 0.720 0.753 0.788 0.826 0.865 0.908 
» 0.954 1.005 | 1.060 1.125 1.195 1.276 | 1.380 1.509 | 1.690 | 2.000 
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whatever as to the mechanism of rusting 
but merely demonstrates empirically 
that the mathematical expression de- 
rived for the one case holds for the 
other. 

The equation for the rate of an auto- 
catalytic reaction can be written 


P 
log 5) + hel...... (1) 


where P is the per cent transformed in 
time and and are constants. Ifa 
set of measurements follows this equation, 
they yield a straight line when log 
(P/100 — P) is plotted against #4. A 
plot of this sort is easily drawn with the 
help of Table I, which gives values of 
log (P/100 — P) for integral values of P. 
A graph of this kind, can, however, be 
constructed without the calculation of 
log (P/100 — P) by using as one co- 
ordinate the autocatalytic or logistic 
grid suggested by E. B. Wilson.* This 
is simply a scale in which the interval 
between any two values of P is propor- 


2 tional to the difference between 
# the corresponding values of log 
(P/100 — P). With such a scale on 


one axis and a linear time scale on the 
other, a straight line is obtained when 
observed values of P are plotted directly 
against 

The use of Eq. 1 does not, however, 
give a straight line with the A.S.T.M. 
corrosion data since the autocatalytic 
curve is symmetrical in time about the 
point P = 50, whereas the observed 
curve for the rate of development of 
tust is not. Thus, on the curve given 
by Eq. 1, the time required for the reac- 
tion to go from 50 per cent transforma- 
tion to completion is the same as that 
required to arrive at 50 per cent trans- 
formation from the beginning, whereas 
the typical curves given in Fig. 1 show 


‘E. B. Wilson, 
Proceedings, 
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“The Logistic or Autocatalytic Grid,” 
Nat. Academy Sciences, Vol. 11, p. 451 (1925). 
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that the time required for zinc to dis- 
appear from a surface half covered with 
rust is considerably greater than the 
interval between the appearance of rust 
and 50 per cent coverage. This differ- 
ence indicates that in deriving an 
equation for the observed rate of rusting 
it is necessary to replace the linear time 
scale by a scale based on some other 
function. 

A satisfactory function is the loga- 
rithm, so that if log ¢ be substituted for 
t in Eq. 1, the resulting equation 


P 
= + hy logt...... 
. 


log 

fits the experimental data surprisingly 
well, as is shown by the straight lines in 4 
Figs. 2 and 3 in which the A.S.T.M. 
measurements’ are plotted using the 
autocatalytic scale as ordinate and the 
logarithm of time as abscissa. It is’ 
interesting to note that Eq. 2 also repre- 
sents the rate of isothermal transforma-— 
tion in steel with fair accuracy*® and has 
been shown by Avrami’ to be a good 
approximation to the'equation expressing 
the rate of a reaction which occurs by 
the formation and subsequent growth 
of nuclei. 

The advantage of the straight lines 
shown in Figs. 2 and 3 over the original 
S-shape curves in extrapolation and in> 
smoothing the observations is evident. 
For example, the development of rust 
on the material with a 2.5-oz. cating, 
exposed at Brunot Island (see Fig. 1) 
is quite slow, and it will clearly take . 
many years for the surface to become 
completely covered with rust, so that if 
one has to depend solely on observation | 
the time required for complete coverage _ 


5 Lam indebted to C. D. Hocker for the numerical values © 
corresponding to the data given in the published curves. 

6 J. B. Austin and R. L. Rickett, “Kinetics of the De- 
composition of Austenite at Constant Temperature,” 
Metals Technology, September, 1938, T.P. 964. 

7Melvin Avrami, ‘Kinetics of Phase Change—II,” 
Journal of Chemical Physics, Vol. 8, p. 212 (1940). 
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cannot be determined for some time to 
come. Yet from extrapolation of the 
straight line in Fig. 2, it can be said 
with reasonable certainty that this class 
of sheet will on the average be 80 per 
cent covered with rust in 10 yr. and will 
be 99 per cent covered in 13.5 yr. 

The most surprising feature in Figs. 2 
and 3, however, is not the fact that a 
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Fic. 4.—Chart Showing Variation of Constant 
k, (Eq. 3) with Weight of Coating for Two 
Stations. 


straight line results in each case but 
that all of the lines have substantially 
the same slope. The lines in Fig. 2 
are all parallel within the error of 
observation and although the slope of 
the lines of Fig. 3 is not so uniform as in 
Fig. 2, the variation is nevertheless not 
large; moreover, in no case does the 
slope of the curves in Fig. 3 differ 
markedly from that in Fig. 2. 


It appears, therefore, that the slope 
of the rate line on such a graph is the 
same for all three locations and 4lj 
weights of coating tested, which means 
that the constant ke in Eq. 2 has a single 
value for all the sheets studied. The 
value of ke is about 10.7, hence, within 
the accuracy of the estimates 


log (P/100 — P) = ky + 10.7 log t. 


The data also reveal another sig. 
nificant, though less evident, regularity, 
namely, that the separation of the 
curves for different coatings is very 
nearly the same in both Fig. 2 and Fig. 3, 
which implies that the relative position 
of the several lines is determined by the 
relative weight of coating. This means 
that the constant ; in Eq. 2 is a fune- 
tion of the weight of coating. This 
function is again logarithmic, as is 
shown by Fig. 4 in which is plotted the 
weight of coating on a_ logarithmic 
scale against the value of & for the 
curves for Altoona and Brunot Island 
on a linear scale. 

In drawing these lines the actual 
average weight of coating*® has been 
used instead of the nominal weight for 
each class of sheet. It will be noticed 
that the curves for the two stations are 
parallel, which indicates that the change 
in k; with weight of coating is the same 
for each atmosphere. On the basis o! 
these curves, again within the accuracy 
of the estimates, 


ky = —(a + 12.3 log w) 


where w is the average actual weight of 
coating expressed in ounces per square 
foot and a is a constant which depends 
upon the location of the test and ca 


8 The weight of zinc coating for sheet is always express? 
in ounces per square foot of sheet, which, since the sheet § 
coated on two sides, is twice the average weight of | 
per square foot of surface. That is, a nominal coating ® 
1.0 oz. per sq. ft. means that there is a total of 1 02. : 
zinc on the front and back surfaces of each square 100! 
sheet. The average weight of coating per square 100! 
each surface is therefore 0.50z. 
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lope therefore ‘be used to characterize the stations at which the A.S.T.M. observa- 


; the corrosiveness of each atmosphere to tions were made is given in Table II. 
salvanized iron sheets as determined by 

eans A.S.T.M. test procedure.* For this 1.—ATMOSPHERE INDEX (a) FOR 
ingle reason, it will be referred to as the DIFFERENT STATIONS. 

The “atmosphere index.” Combining Eq. 4 Altoona, Pa 


Brunot Island (Pittsburgh), Pa 


uracy Means of Eq. 5 (Dashed Lines) with A.S.T.M, Cent rust after nearly 12 yr., so that a very 
Observation (Circles) for Two Stations. long time will be required to obtain complete 
measurements on all weights of coating 

atmosphere, weight of coating, and time But the few observations now at hand permit 


tl vith Eq. 3 we have Sandy Hook 
State College, Pa 
log (P/100 — P) = —a — 
23 + begs. The practical usefulness of Eq. 5 may 
sig- which gives the influence of type of be illustrated by the following example: 
Tity, 
the Suppose that a number of galvanized iron 
very sheets bearing different weights of coating 
are put out at a new station for test by the 
‘tins A.S.T.M. procedure. The first sheets to rust 
+ the . : . g will be those with the thinnest coating, and a 
| rs relatively few observations on these rapidly- 
rusting sheets suffice to show whether or not 
func. 2 f > Eq. 5 is applicable since, if the observations 
r his g give a straight line when plotted on loga- 
SIS 8 - rithmic-autocatalytic coordinates, it is rea- 
1 the , 1 sonably safe to assume that the equation 
hmic : a holds. These relatively few observations also 
- the : . suffice for the determination of the index a, 
sland 4 dh. since the weight of coating w and the per- 
3 be centage coverage P for several values of 
ctual 2 . elapsed time ¢ are known. Once a is de- 
on 8 g_| termined, Eq. 5 enables a reasonably accu- 
. Y rate calculation of the variation of P with ¢ 
it for M for any weight of coating w. ‘To take a spe- 
ticed ¢ cific instance, the rate of development of rust 
iS are at the State College station’ is extremely slow; 
lange thus, the sheets with a nominal coating of 
same 0.75 oz., which class shows the most rapid 
sis of Fic, 5.—Comparison of Rate Calculated by rusting al those tested, had less than 10 per 


sht of on the development of rust under the a reasonably satisfactory determination of 

quate conditions specified above; and once the the index a in Eq. 5 and from this the curve 

pends value of a is known, the rate curves for for each weight of coating can be calculated. 

4 can that location can be calculated with As an aid in calculations of this sort curves 
reasonable accuracy. This is illustrated r¢ given in Figs. 6 and 7, respectively, show- 

oil by Fig. 5 which compares the values ing the variation of 10.7 log ¢ with ¢ and of 

— calculated by means of Eq. 5 (dashed 12-3 log w with w. 

lines) with the A.S.T.M. observations 

e fot circles) for Altoona and Brunot Island. 9 Report of Subcommittee VIII, Committee A-5, on 


The “ . Field Tests of Metallic Coatings, Proceedings, Am. Soc. 
he “atmosphere index” for the several Testing Mats, Vol 38, Part 1, (1938). 
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In most applications it is desired to — —2.00 +a 
know the time required for the initial 10.7 


appearance of rust and for this purpose 
Eq. 5 can be put into a somewhat 


20 
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+ 1.15 log w 
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Fic. 8.—Variation of a’ = antilog =o. Bs *) with a for 

simpler form. The time of initial ap- Since the antilog factor is constant is 
pearance of rust (4) is commonly, a given atmosphere, Eq. 7 may be 
though quite arbitrarily, taken as the written 

time for 1 per cent coverage, hence log 


(P/100 — P) = —2.00 and 


ven! 
= unit 
; —2.00 +a |= if it 
seen 
Be bett 
| 
| 
atm 
the 
| TABI 
| 
Coat 
limit 
at 
havi 
quit 
Eq. 
appl 
Serio 


ww 


| AUSTIN ON DEVELOPMENT OF RuSsT ON GALVANIZED IRON 


7 


The value of a’ may be determined con- 
veniently from a by means of Fig. 8. 
The exponent of w is so nearly equal to 
unity that no great error is introduced 
if it is made unity, in fact the equation 


seems to fit the observations somewhat 
better than Eq. 8. The values calcu- 
lated from Eq. 9 are compared in Table 
III with the A.S.T.M. estimates as 
published.® 

A word of warning should be given 
against extrapolating to w = 0, that is 
to black plate. The index a@ applies 
only to galvanized sheet and does not 
characterize the corrosiveness of a given 
atmosphere to uncoated iron. In fact, 
the A.S.T.M. data show that the order 
TABLE III.-COMPARISON OF OBSERVED AND 

CALCULATED TIME (IN YEARS) FOR 
APPEARANCE OF RUST. 


| | | 
Brunot 


Sandy State 
Actual | Altoona | “Island | Hook | College 
eight o | | | ad 
oz. per > | & | > & > > 
sq. ft. 4 3 | 8 
2] 
.| 2.0] 1.4 | 2.2 1.9 | 4.8 | 4.6 | 10.4) 10.5 
2.3 | 3.21 | 6.8168)... | 
3.0 | 2.5 | 3.5 | 3.4 | 7.6] 8.0 18.5 
3.8 | 3.2 | 4.6 | 4.4 |10.0 |10.5 24.2 
4.5/4.1) 5.6] 5.7 | ... |13.4 31.0 


of increasing corrosiveness for galvan- 
ized sheet is not the same as for black 
plate. 

In discussing the usefulness of the 
several equations given, it should be 
pointed out that they are also subject to 
limitations and that unless these limi- 
lations are kept in mind false conclusions 
may be drawn. In the first place, the 
Sshape rate curve was obtained only 
at the four northern stations; the be- 
havior of sheets exposed at Key West is 
quite different and is not described by 
Eq. 5. These relations do not therefore 
apply to all atmospheres. ‘This is not a 
“rious difficulty, however, because at 


least one rate curve is necessary to de- 
termine the incex and such a curve itself 
indicates whether the equations are ap- 
plicable. These equations are based on 
observations on hot-dipped sheets and 
are, of course, valid only for such mate- 
rial tested in the specified manner. 
Whether they will prove applicable to 
data on the rusting of other galvanized 
articles, and to modified test procedures, 
remains to be determined. 

It must also be remembered that the 
equations represent data which, being 
the average of many measurements, 
should therefore be regarded as giving 
the life-expectancy for a group of gal- 


vanized sheets rather than as describing — 


the appearance of rust on any individual 
sheet. In this respect they are precisely 
analogous tp the life-expectancy data 
used by insurance companies. Finally, 
it should be pointed out that the method 
of treatment described is essentially em- 
pirical and that it can yield results no 
better than the observations to which 
it is applied. On this basis it simply 
demonstrates that the data collected by 
Subcommittee VIII can be generalized 
in a useful way. On the other hand, the 
mere fact that such a generalization is 
possible speaks well for the consistency 
of the observations and indicates that 
the committee has to a large extent over- 
come the considerable difficulties in- 
volved in making measurements of this 
sort. 

SUMMARY 


The data published by the Society on 
the average rate of development of rust 
on galvanized iron sheets exposed at 
Altoona, Pa., Brunot Island, (Pitts- 
burgh), Pa., Sandy Hoek, N. J., and 
State College, Pa., can be represented 


> 


satisfactorily by the following equation: © 


(P/100 = 12.3 log w) 


a 
(7) 
\ 
8 
4 
may 


where P is the percentage of the surface 
covered with rust after ¢ years, w is 
the weight of the zinc coating in ounces 
per square foot, and a is an index which 
characterizes the corrosiveness of a given 
atmosphere for galvanized sheets as es- 
timated by the A.S.T.M. test procedure. 
If the index a is known—and it can 
usually be determined from a sheet which 
rusts rapidly—the rate of appearance 
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of rust in that atmosphere can be ca 
culated for any weight of coating. 
The rate curve for sheet with a given 
weight of coating exposed to a given 
atmosphere can be reduced to a straight 
line by the use of the autocatalytic scale 
as one coordinate and a logarithmi 
time scale as the other. A plot of this 
type facilitates interpolation, extrapo- 
lation and smoothing of the observations, 
as well as interpretation of the results. 


, 
| 
| 
forr 
rep 
to | 
sior 
tha 
| 
i 
D. 


form).—The data treated in this paper 
represent the periods required for zinc 
to be dissolved from the steel, the corro- 
sion of which usually occurs so rapidly 
that it may be used as an indication 
that the zinc has disappeared from the 
rusted areas. This behavior is ob- 
served only in those locations where the 
products of corrosion of the zinc are 
soluble, for example, in the sulfurous 
acid present in industrial atmospheres. 
In a purely marine location like Key 
West, Fla., insoluble zinc compounds 
such as basic zinc carbonate that are 
formed, retard the corrosion of the zinc, 
and may actually permit corrosion of 
the steel through pores in the zinc. 
This difference in behavior probably 
accounts for the fact that the equations 
derived by the author do not apply to 
Key West. 

Equations 8 and 9 confirm previous 
observations that, in general, the life 
of a zinc coating in a given location is 
practically proportional to its thickness. 
These equations and conclusions apply 
equally to any given extent of corrosion, 
for example, to 1, 10, 50, or 90 per cent. 
Actually, little interest attaches to the 
rate of failure after 50 per cent or more 
has rusted. 

If in a given location the resultant 
anc compounds are soluble, if the zinc 
coating is uniform in thickness and com- 
position, and if the conditions of expo- 
sure all over a sheet are uniform, the 
entire zinc coating would theoretically 


D crhemist, National Bureau of Standards, Washington, 


DISCUSSION 


Mr. W. Brum! (presented in written 


dissolve in the same period; 
the curves in Fig. 


that is, 
1 would be vertical 
lines, and the position of each would 
represent the periods required for a 
zinc coating of that thickness to dis- 


solve. The actual shape of the curves 


in Fig. 1 is the net result of (a) variations — 


in local thickness of the zinc, (0) the 
presence of a zinc-iron alloy layer, and — 
(c) variations in the environment on 


different parts of a sheet. An example 
of such a difference within a short dis- 
tance is the fact that on small specimens, 
plated very uniformly with zinc, the 


zinc coatings almost invariably dis- 
appeared first (with resultant corrosion 


of the steel) along the lower edge, where 
the water deposited by rain or dew re- 
mained longest before it dried. As — 


pointed out by the author, the shapes 
of the corrosion curves, and hence the 


numerical values of the constants, apply — 
only to galvanized sheets prepared and 
exposed under specified conditions, and 


do not, therefore, have a wide or general 
usefulness. 

Mr. C. D. Hocker? (presented in 
written form).—Mr. Austin develops a 
general equation which approximately 
defines the time required for any zinc- 
coated sheet to become covered with 
rust over any percentage of its area. 
The time, ¢, is expressed in terms of the 
weight of coating, w, and a constant, 
a, by the following equation: 


log (P/100 — P) = —a— 12.3 logw 


+ 10.7 log t 


2Plant Products Bell | Telephone Labora- 


tories, Inc., New York, N 
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The constant, a, has a fixed value for 
any given atmosphere (4.1 for Altoona, 
5.4 for Brunot Island, etc.). 

Since this general equation has been 
found to work about equally well for 
defining the rusting performance of 
sheets in several atmospheres, it is 
considered probable that it will be found 
to work in other atmospheres for which 
data have not been collected. Pre- 
sumably in determining the rust per- 
formance of sheets at a location hitherto 
untested, it would be necessary only 
to determine the value of @ and then 
by substitution in the general equation, 
one could calculate the time required 
for a sheet carrying any weight of coat- 
ing to become rust-covered over any 
percentage of its surface at the location 
involved. 

In the main, this general equation 
works better for defining the times re- 
quired to rust over 5 to 99 per cent of 
the area than it works for rusted areas 
of 1 to 5 per cent. 

Observing that the equation does not 
work very satisfactorily at the 1 per cent 
rust points, Mr. Austin derives certain 
mathematical instrumentalities which 
will enable improved calculations for 
these 1 per cent points. If the general 
equation truly represents the rust per- 
formances, the times required for 1 per 
cent rusting would be 


th = a’w'5 (Eq. 8 of paper) 


in which a’ = 


antilog 
10.7 
Mr. Austin observes that Eq. 8 does 
not work as well as the following equa- 
tion: 


t, = a’w (Eq. 9 of paper) 


Equation 9 has no relation to Eq. 8, 
except that the exponent 1.15 is near to 
unity. Equation 9 is a simple statement 
of the relation, which has been expressed 


in A.S.T.M. reports, that the time for 
the beginnings of rust at any location js 
proportional to the weight of coating. 
Actually the times required for the 
A.S.T.M. sheets to rust to the extents of 
2, 3, 5, 10, 25, and up to 50 per cent are 
also approximately proportioned to their 
weights of coating. 

An investigator interested in the 
practical problem of predicting the 
times required for sheets at any w- 
tested location to become considerably 
rusted (up to at least 50 per cent) might 
proceed in either of two ways: 

1. Making a few observations of the 
time required for light-coated sheets to 
rust toa per cent, P, and calculating that 
the times for heavier coated ones to 
rust to the same per cent, P, would be 
proportional to their coating weights. 

2. Making a few observations on 
lightly coated sheets using the data to 
calculate the constant a. Use the value 
of constant @ in calculating the time 
required for more heavily coated sheets 
to become rust covered over any pro- 
portion of their areas except the 1 per 
cent rust points. For these incident 
rust calculations, use the simplified 
formula 4; = a’w, having calculated ¢ 
by the mathematical instrumentalities 
given by Mr. Austin. 

To this writer it seems that the results 
should be about as good by the simpler 
method as by the more mathematical 
one. 

Had Mr. Austin used a somewhat dif- 
ferent method of approach, a general 
equation could be derived which would 
generally fit as well as the one he has 
formulated and which would work about 
as well at the 1 per cent points as a 
points further up on the curves. The 
derivation of Mr. Austin’s general equa 
tion is based on the considerations which 
are outlined below: 

The S-shaped curves depicting the 
original data must be symmetrical 
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around the 50 per cent rust point in 
order to fit the basic equation 


log (wa) = ky 4+ ket 


Most of them are not symmetrical 
and Mr. Austin chooses in effect to 
replot them on a P versus log ¢ scale. 
While his paper does not show the re- 
plotted curves, it will be found that when 
such plots are prepared, most of the 
curves are made a little more nearly 
symmetrical. However, the replottings 
do not help greatly because in the range 
of values of ¢ involved (about 2 to 10 
yr.), the logarithm of numbers is too 
nearly proportional to the numbers 
themselves for the transformed curves 
to truly fit the basic equation 


2 


100 — P => ky +4 ko log 


log 


When the P versus log ¢ curves are 
P 
100—P 
log ¢ graphs, straight lines similar to 
those of Figs. 2 and 3 result. Mr. 
Austin regards all of these straight lines 
to have slopes nearly enough alike so 
that he selects the figure 10.7 as the 
slope for all of them. Actually as the 
lines are drawn in Figs. 2 and 3, they 
have slopes ranging from about 8 to 
13.5. There is opportunity for exer- 
cise of considerable individual judgment 
in the drawing of these straight lines. 
My own judgment of the fairest way to 
draw these lines does not make them 
parallel, but makes of each family a 
set of lines that are somewhat fan- 
shaped. My plottings result in lines 
that have slopes ranging from about 8 to 
20, instead of all’ being close to 10.7. 
The choice of a mathematical treat- 
ment which assigns the same slope to all 


transformed to the log versus 


P 
of the log 00—p 27"5 log ¢ curves is a 
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unsatisfactory fit of Mr. Austin’s gen- 
eral equatiun at the 1 to 5 per cent rust 
points. 

It might be expected that Mr. Austin’s 


step which contributes much to —_ 


procedure of assigning a constant value, 
10.7 to the k: constant would consider- 
ably invalidate the equating of the right- 
and left-hand terms in the basic equa- 


tion: log i = kh + he log t. 


Actually the seriousness of the procedure 
is lessened because the errors tend to 
balance out. This is due to the fact 
that simple geometric considerations 
show that ki = — ke log ¢ 50 as well as 
being approximately equal to (—2 — 12.3 
log w) as Mr. Austin deduces. As ke 
increases, k; increases, and since one is 
positive and the other negative, ~ 
total value of the terms on the right 
hand of the equation are not generally _ 
greatly affected by a deviation of ke 
from its true value. 

If the derivation of a general equation: 
is approached along the following lines, 
a better fitting relation is obtained: 

1. Find a better way to transform — 
the original data curves (curves like 
those of Fig. 1) into symmetrical curves — 
than is afforded by changing these 
curves from P versus ¢t curves to P 
versus log t curves. A better symmetry 
is arrived at by leaving the original 
curves untransformed but disregarding 
the data above 92 per cent rust points. 
Proceeding along the line, the general 


P 
equation assumes the form log 92 — 


= ky + he t. 

2. Do not attempt to make the log 
P 
92—P 
being parallel. Plot them as the data 
indicate and find ways of expressing 
both the &; and ke constants in terms of. 


versus t curves fit a pattern of 
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w (weight of coating) and of numerical 
constants. 

Following along the lines suggested 
above, one obtains 
equation shown below: 


= R(cw — 1.5) + 1.5 


where: 
R is a function of P, and is 


P 
92—P’ 
w = weight of coating, and 
c is an atmospheric constant entirely 


equal to 0.29 log 


independent of the mathe- 
matical derivation and is equal 
to the time required for a 1-02. 
coated sheet to become rust 
covered over 20 per cent of its 
surface. The values of ¢ are: 
2.35 for Altoona 

3.0 for Brunot Island, and 
6.7 for Sandy Hook 

The equation shown in the preceding 
paragraph holds about as well at 1 per 
cent rust points as it does at all points 
up to 91 per cent. It is not designed to 
hold above 91 per cent, and it appears 
rather unimportant from any practical 
standpoint to know how long it requires 
for any sheet to become rusted 95 or 100 
per cent after it has already rusted to 
the extent of 91 per cent. This equa- 
tion makes unnecessary the mathemati- 
cal instrumentalities deduced by Mr. 
Austin to derive a constant a’ from the 
constant a. 

The method chosen by Mr. Austin to 
handle the American Society for Testing 
Materials sheet data as well as the one 
I have presented are merely two out of a 
variety of mathematical treatments that 
might be followed in deriving a general- 
ized equation. An entirely different 
method of approach | Ww vhich will probably 


lized 
the genera lized 


result in a suitably fitting generalized 
relation is the use of the equation 


log tan P (or 0.9P) ki + hot 


Any method of approach will result 
in at least one “atmospheric constant.” 
The method of approach can be chosen 
so that the atmospheric constant is in- 
timately tied up to the mathematical 
derivation (as is the case with Mr. 
Austin’s constant a, which is equal to 
10.7 multiplied by the logarithm of time 
for a 1-oz. sheet to become covered 
with rust over 50 per cent of its area); 
or a method of approach can be chosen 
which employs an atmospheric constant 
entirely independent of the mathemati- 
cal derivation. 

Mr. J. B. Austin® (author’s closure, by 
letter) —Mr. Blum’s very reasonable 
suggestion that the failure of Eq. 5 to 
represent the data for the station at Key 
West, Fla., is due to the fact that ina 


- marine atmosphere the products of cor- 


rosion of zinc are insoluble basic com- 
pounds, is most interesting. On this 
basis, it is to be expected that Eq. 5 is 
chiefly applicable to atmospheres in 
which the products of corrosion are 
soluble. 

Mr. Hocker is quite correct in stating 
that the method used in this paper is 
not the only way to approach the prob- 
lem of generalizing the corrosion data 
and that alternative solutions might be 
equally satisfactory, or even better. 
Moreover, it is clear that the final choice 
of a method must inevitably involve 
some exercise of personal judgment, just 
as do the observations upon which the 
test results are based. The point to be 
emphasized, however, is that these re 
sults can be generalized in a useful way, 
a fact which does not seem to have re 
ceived adequate recognition in the past. 


3 Physical Chemist, Research Laboratory, United 
States Steel Corp. of Delaware, Kearny, N. J. 
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MEASUREMENT OF CORE LOSS AND A.C. PERMEABILITY WITH THE 
25-CM. EPSTEIN FRAME 


By S. L. Burcwin! 

A combined core-loss and permeability test for small samples of Epstein 

strip 28 cm. long and about 1 lb. in weight has been developed and is now in 
use at the Westinghouse Research Laboratories. The test method is most 
useful for commercial frequencies and inductions above 10 kilogausses, but 
can be extended down to 1 kilogauss. 

The method requires, in addition to the usual sine-wave voltage source and 
control, a special test frame with an air-flux compensating inductor, a reflect- 
_ ing type wattmeter, a synchronous rectifier, d-c. and a-c. milliammeters with 

a calibrated resistors, and a mutual inductor for measuring peak exciting cur- 
rent. ‘The construction and required characteristics of this apparatus is dis- 
cussed in detail. 

Two procedures for obtaining test data which have proven quite satisfac- 
_ tory are described step by step together with the necessary formulas for cal- 
culating the results. 

Limitations of the apparatus and methods of minimizing their effects are 

discussed at some length. 


Most acceptance data and many de- __ regards core losses has been such that a 
sign data on the core loss and per- 5 or 10-kg. test sample was necessary to 
meability of electrical sheet steel are insure representative results. Speed in 
obtained by the Epstein core-loss test, testing such large specimens necessitates 
supplemented by either the Fahy or the use of butt joints rather than alter- 
Burrows permeability tests, all of which nate butt and lapped joints or double- 
have been adopted by the Society, and lapped joints, and consequently prevents 
are described in the A.S.T.M. Standard a combined core loss and permeability 
Methods of Test for Magnetic Properties test, since permeability measurements 
of Iron and Steel (A 34 — 39). are too greatly affected by the butt 

In making acceptance tests where time _ joints. 
and convenience of testing are important Improvement in uniformity and 
factors, the inconvenience of two sep- quality of magnetic characteristics of 


arate test equipments and test specimens _ electrical sheet has made possible the 
uniformity of the sheet material as samples and improved materials render 

Engineer, Westinghouse Research Labora- 

*1939 Book of A.S.T.M. Standards, Part I, p. 516. joints. However, the same trend 


for core loss and permeability tests has use of much smaller test samples for 
the butt joint Epstein test less satis- 
estin 


been a necessary evil, largely because the obtaining representative results. Smaller 
' Electrical 
East Pinte npeouse Electric and Manufacturing Co., factory, largely due to the effects of the | 
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toward smaller samples and thus fewer 
strips, by decreasing the stacking time, 
makes it more feasible to use lapped 
joints which considerably minimize the 
effects of the joints and thus make a 
combined core-loss and permeability 
test possible. 

Growing interest in the testing of 
smaller samples suggests that a descrip- 
tion and discussion of the test equipment 
and test methods evolved and used 


shows the connections for all essential 
apparatus and will be followed in the 
ensuing discussion. 


Power Supply: 


The source of power is a three-phase, 
120-v., sine-wave generator with 75 
kva. capacity. This is the generator 
ordinarily used for the standard Epstein 
tests. Any low impedance source of 
power with a substantially sine-wave 


CARBON 
COMMUTA TO! 


MOTOR 


Re Ss 


TRANS. @! 


_ Fic. 1.—Circuit for 25-cm. Epstein Core-Loss and Permeability Tests. a 


during the past 8 yr. at the Westinghouse 
Research Laboratories for testing small 
samples in the 25-cm. Epstein frame 
might be of value to those interested in 
the commercial testing of magnetic 
materials. 


TEST EQUIPMENT 


Much of the equipment used in this 
test at the present time, while not 
standard, is, with the possible exception 
of the wattmeter, not difficult to con- 
struct. The circuit diagram of Fig. 1 


MILLIAMMETER “MILLIAMMETER 


AIR FLUX 


TEST FRAME 


voltage would be equally satisfactory. 
In this case the generator is more col- 
venient, as the field control provides a0 
auxiliary voltage control. 


Transformer No. 1: 

The variable transformer is a 115-v. 
2-kva. Variac. Optimum transformer 
capacity for the test is determined by 
the maximum impedance that can be 
tolerated in the primary circuit. 1 
this case a 5-kva. Variac, which is no¥ 
available would permit somewhat bettet 
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Transformer No. 2: 


A 5-kva. low impedance step-down 
transformer with 2-v. taps up to 20 v. 
on the low side would be ideal for this 
application. Actually a much larger 
auto transformer which happened to be 
available is being used with satisfactory 
results in the author’s setup. 


Test Frame: 


In most of the core-loss testing at the 
Westinghouse Research Laboratories, a 
test frame with a 352-turn primary and 
secondary has been used. The struc- 
tural details of such a frame may be ob- 
served in Fig. 2. In order that the 


Fic. 2.—25-cm. Epstein Frame Used in West- 
inghouse Research Laboratories. 


reader will not be misled by the six 
binding posts, it might be mentioned 
that this particular frame has an addi- 
tional winding to be used as a shield 
in high frequency tests or as a d-c. wind- 
ing in superposed a-c. and d-c. tests. 
This additional winding is, of course, 
unnecessary for the 60 cycle core loss 
and permeability test. 

The base of the frame consists of a 12 
by 14 by 3-in. Micarta board. The 
corners of the test coils are supported by 
2 by 2 by }3-in. Micarta blocks. The 
coil forms are rectangular Micarta tubing 
by 4-in. inside dimensions with a 
isin. wall. The length of each tube is 

such n that, when cut at a 45- -deg. angle 


at both ends, the mean length is 25 cm. 
The top and sides of each end are cut 
back so that the enclosed portion of the 
tube is 21 cm. long. Available winding 
length is 20 cm. 

In the frames used by the author, 
primary and secondary windings con- 
sisted of 88 turns per leg of No. 13 
single cotton-covered enameled wire. 
This wire, closely wound, results in a 
coil length per leg of 19 cm. However, 
there are several advantages which will 
appear later in using windings of 175 
instead of 88 turns per leg. For such 
windings the author recommends No. 19 
single cotton-covered enameled wire for 
the secondary, to be wound next to the 
Micarta tube, and a primary of four 
layers of the same size wire wound on 
top of the secondary. Connections be- 
tween legs should be transposed at each 
corner and the four layers connected 
in parallel. Coil turns with these wire 
sizes will have to be kept as close as 
possible to keep within the available 
20-cm. winding space. In taking out 
leads from these coils, the best practice 
is to start both primary and secondary 
windings at the same corner as shown 
in Fig. 1. This practice makes it pos- 
sible to keep the voltage between pri- 
mary and secondary windings very low, 
and while not strictly necessary at 60 
cycles, may save trouble if the frame 
should be used at higher frequencies. 

The greatest source of trouble ex- 
perienced in building some six or seven 
test frames has been, strangely enough, 
errors in counting the exact number of 
turns. 
pears to be so simple that insufficient 
care is taken. 


Air-Flux Compensating Inductor: 
The small air-core inductor mounted 


in the center of the test square ( “i = 
is connected as shown in ae 
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purpose is to balance the mutual induc- 
tance between the primary and second- 
ary of the test frame without iron, and 
thus compensate for air flux in the 
measurement of secondary voltage. 

The construction and mounting of the 
air-flux compensating inductor is shown 
in Fig. 3. Approximately a one to five 
ratio of primary to secondary turns is 
used and the primary is wound inside 
to keep its resistance and self inductance 
low. 

For the 352-turn frame, two layers 
of eleven turns each of No. 13 single 
cotton-covered enameled wire wound 
upon a 2-in. diameter Micarta tube 
comprise the primary winding. The 
secondary is wound on top of the pri- 
MICARTA 
TUBE “BRASS AIR-FLUX 


BOLTS COMPENSATOR 
TEST COILSy 


PRIMARY LEADS SECONDARY LEADS 


Fic. 3.—Cross-Sectional View of Test Frame to 
Show Mounting of Air-Flux Compensator. 


-mary and consists of ten layers or ap- 
_ proximately 110 turns of the same size 
wire. The number of secondary turns 
is varied until the mutual inductance 
just balances that of the test frame with- 
outiron. The total cross-section of such 
a primary and secondary winding is 
approximately 1 in. square. The 
mutual inductance of this inductor is 
approximately 100 microhenries, and 
the self-inductance of the primary ap- 
proximately 20 microhenries. 

For the 700-turn frame the physical 
dimensions of the compensator remain 
the same, but the primary is increased to 
4 layers or 44 turns of No. 13 wire and 
the secondary to 10 layers or 220 turns 
of No. 19 single cotton covered enameled 
wire. This results in a mutual induc- 

tance of approximately 400 microhenries 


and a primary self-inductance of % 
microhenries. 

In connecting the leads from the 
mutual inductor to those of the test 
frame, it is best practice—but not 
strictly necessary— to connect the finish 
of the primary winding of the test frame 
to the finish of the primary of the induc. 
tor winding and the finish of the second- 
ary test winding to the start of the 
secondary inductor winding (see Fig. 1) 
as then the adjacent layers of the pri- 


Fic. 4 ind 


Used at the Westinghouse Research 
Laboratories. 


mary and secondary inductor windings 
can be kept at approximately the same 


potential. 
W attmeter: 

The wattmeter used at the Westing- 
house Laboratories for these tests Is a 
light-beam reflecting dynamometer built 
in the laboratories (Fig. 4). The 


author has been informed that reflecting 
type wattmeters can be obtained from at 
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last two companies and that another 
is contemplating placing such a watt- 
meter on the market. 

The desirable limiting values for 
essential constants of the wattmeter 
for the 352 and 700-turn test frames are 
given in Table I. 

These specifications are in excess of 
requirements for satisfactory core-loss 
testing, which may be objectionable 
since too high sensitivity often tends 
toward decreased ruggedness and stabil- 
ity. However, experience with the 
wattmeter of Fig. 4 which is quite 
satisfactory from the standpoint of 


TABLE I. 


352-turn | 
Test 
Frames 


700-turn 
Test 
| Frames 


Characteristics 


Minimum sensitivity with 1000 ohms 
in potential circuit, watts per 
radian... . 

Maximum potential coil resistance, 
ohms 

Maximum potential coil induc- 
tance, millihenries 

Current capacity, amp. 

Maximum current coil inductance, 
microhenries 

Maximum phase angle between cur- 
rent and effective field at 60 
cycles, radians 


1074 | 1 1074 


ruggedness and stability indicates that 
these specifications can be met satis- 
factorily. The wattmeter of Fig.. 4 
satisfied the specifications for the 352- 
turn frame, except that its sensitivity is 
one-half of that specified. However, 
the current capacity is 50 amp., so that 
if the turns of the current coils were 
doubled, this wattmeter would com- 
pletely satisfy the specifications. Watt- 
meters satisfying the above specifications 
could be used satisfactorily over a range 
of induction from 1 to 17 kilogausses 
with a 1-Ib. specimen. 


Mutual Inductor: 


The mutual inductor, M, in the circuit 
of Fig. 1 is used with an average volt- 
meter across its secondary to measure 


peak exciting current which, as will be 
explained later, is regarded as propor- 
tional to magnetizing force H. 

Details of construction of an inductor 
built by the author for use with the 352- 
turn frame are shown in Fig. 5. Dimen- 
sions are such that the cross-section of 
primary and secondary windings is 
approximately 2 in. square, which makes 
the over-all diameter approximately 8 
in. These seemingly excessive dimen- 
sions are due mainly to the 30-amp. 
current capacity for which the inductor 
is designed and would have been much 


V4 * MICARTA 


APPROX. 640 TURNS OF #16 D.C.C. 


64 TURNS OF 0.106" X(195* D.C.C. 
COPPER STRAP 


MICARTA TUBE -4* DIAM, 


BRASS BOLTS 


Fic. 5.—Construction of Mutual Inductor. 


greater had not the ratio of primary to 
secondary turns been kept as low as 


possible. 
Constants for this inductor are: 


Li = 0.495 millihenry 
Ri = 0.050 ohm 


L2 = 78 millihenries 
The value of mutual inductance was not 
particularly well chosen, as a value of 
4.19 millihenries would have made the 
calculation of the value of Ry (see Fig. 1) 
somewhat simpler as will be shown later. 
Except for this slight inconvenience, the 
inductor proved quite satisfactory for 
use in the circuit of Fig. 1. 

An inductor for use with a 700-turn 
test frame should have somewhat dif- 
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d 


A convenient value 
of mutual inductance would be 8.33 
millihenries. A 10-amp. current capac- 
ity should be satisfactory, and a one-to- 
five ratio of primary to secondary turns 
would keep the size within -reasonable 
limits for such a current capacity with- 
out increasing the secondary self-in- 
ductance enough to seriously affect the 
accuracy of measurement of peak cur- 
rent. Another reason for the selection 
of such a ratio is that the self-inductance 
of the primary is thus kept low enough to 
permit switching the inductor into the 
test circuit without greatly affecting the 
setting of induction in the test specimen. 

A design embodying these features 
having the same general construction 
as the inductor of Fig. 5 requires a 
primary winding of 8 layers of 19 turns 
per layer of No. 12 single cotton-covered 
enameled wire, wound upon a 3-in. 
diameter tube 1.75 in. long, and a 
secondary winding of 800 turns of No. 20 
single cotton-covered enameled wire 
wound in 19 layers of 44 turns per layer 
over the primary winding. The self- 
inductance of the primary, as calculated, 
should be 1.85 millihenries, only four 
times that of the test frame, and of the 
secondary 84.5 millihenries which, as 
will be shown later, is not sufficient to 
cause a serious error in the measurement 
of peak current. The calculated re- 
sistance of the primary is 0.24 ohm and 
of the secondary 11.2 ohms. 

Some improvements could be made 
in this inductor design by using a core 
of more solid construction and by using 
a secondary of wire with a low tempera- 
ture coefficient of resistance. At pres- 
ent the effect of any variation of the 
copper resistance is swamped out by an 
external series resistance of at least 1000 
ohms. It would be possible if the 
secondary winding had a _ negligible 
temperature coefficient to decrease the 
wire size used until the secondary re- 


ferent constants. 


sistance was a large part of the 1 
ohms. This should not only decreag 
the physical size of the inductor, by 
should also reduce the secondary self 
inductance by improved coupling. These 
refinements were not incorporated jn 
the author’s design, as other factors limit 
the precision of measurement of peak 
current for high induction permeability 
measurements to such an extent that, 
in the author’s opinion, the additional 
trouble and expense are not justified, 


Fluxmeter: 


A fluxmeter or average voltmeter for 
measuring the average voltage of the 
secondary of the test frame and of the 
mutual inductor consists in general ofa 
rectifier and d-c. voltmeter. Copper- 
oxide rectifiers, vacuum tubes, and even 
crystals have been used, but in the 
author’s opinion an arrangement con- 
sisting of a synchronous reversing switc 
d-c. milliammeter, and external resistor 
connected as shown in Fig. 1, is more 
reliable, more flexible, and requires les 
attention. The d-c. milliammeter used 
by the author has a 0 to 1 milliampere 
range, although a 0 to 2 range would be 
more convenient for direct calibration 
in kilogausses. This meter must have 
no shunt, because the current through 
the meter is not steady, but oscillating. 
Under such conditions, a meter having 
resistance shunt will not in general give 
the correct reading. 

The synchronous reversing switch 
consists of a carbon commutator rotated 
by a synchronous motor. The carbon 
brushes used with the commutator att 
fixed relative to each other, so that the 
circuit through the milliammeter & 
reversed every 180 electrical degrees 
but can be moved about the commutator 
so that reversal occurs at any desired 
phase position. Carbon-to-carbon col 
tacts are used because they have much 
lower and more constant contact It 
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sistances for very low currents than 
carbon-to-metal or metal-to-metal con- 
tacts. 

The commutator built by the author 
has four segments and is driven at 1800 
rpm. It consists of two carbon disks 
approximately 6 in. in diameter and 1 in. 
thick, both of which have one face plain 
and two opposite quadrants milled out 
of the other face to the depth of 3 in. 
The two milled faces are fitted together 
with mica insulation between and the 
disks clamped between two steel plates 
from which they are insulated by mica 
washers. This results in a carbon com- 
mutator } in. in width between two 3-in. 
carbon collector rings. 

The main essentials in mounting the 
two commutator brushes are that they 
maintain a relative angular distance of 
9) mechanical degrees or 180 electrical 
degrees to each other, and that they 
can be moved together easily, preferably 
by a worm gear, to any phase position. 
Brushes for the commutator just de- 
scribed can be as much as } in. in thick- 
ness without causing appreciable error 
in measuring the average of a sine or 
peaked voltage wave. The brushes 
should have small enough inertia to 
follow radial variations in the commu- 
tator without requiring excessive pres- 
sure, 


Rool-Mean-Square Voltmeter: 


The root-mean-square _ voltmeter 
shown in Fig. 1 consists of a milliam- 
meter and external resistor, and is used 
in the measurement of the form factor 
of the secondary voltage. Switch Ss 
cuts out the voltmeter when wattmeter 
readings are made to prevent excessive 
instrument losses, since a-c. voltmeters 
require much more electrical energy for 
operation than corresponding d-c. volt- 
meters, 


Measurement of root-mean-square 
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voltage does not have to be nearly so 
precise as the measurement of average 
voltage, since core-loss values for most 
magnetic materials are relatively in- 
sensitive to small changes in form factor 
as long as the average voltage is con- 
stant. However, it may be desirable to 
use an accurate root-mean-square volt- 
meter of the dynamometer type, which 
has a stable calibration, in order to 
check the average voltmeter, if the 
average voltmeter is of the type utilizing 
a copper-oxide or vacuum-tube rectifier. 
With the carbon commutator circuit of 
Fig. 1, the author has found a thermal 
voltmeter, or more precisely, a thermal 
milliammeter (10 ma. full scale, with an 
external variable resistor) as is shown 
in Fig. 1, to be satisfactory from the 
standpoint of accuracy, although it is 
doubtful that such an instrument is 
sufficiently rugged for commercial ap- 
plications. 

With a 700-turn frame 0 to 15 and 
0 to 30 voltage ranges are necessary. 
For a 352-turn frame these ranges are, 
of course, halved. 


Resistors: 


In Fig. 1, four resistors, Ry, Ra, 
Ry, and Rw are shown. These resistors 
for maximum convenience should be of 
the five dial decade type with a 100,000- 
ohms maximum resistance. 


TEST PROCEDURE 


Although it is possible to test various 
lengths and widths of strip material in 
the 25-cm. Epstein frame, the Epstein 
width of 3 cm. and a length of 28 cm. 
has been used by the author except for — 
special research problems. Others pre- 
fer somewhat longer strips because the 
greater length facilitates stacking and 
removing the strips. However, it has 
seemed best to design the test method 
and apparatus for testing the 28-cm. 
length which is, of course, the minimum 
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length for normal double lapped joint 
tests in a 25-cm. test frame. This 
does not, of course, preclude testing of 
longer strips, but simply makes 28 cm. 
the most convenient test length for this 
test design. 

The test frame described earlier ac- 
commodates a 24-strip specimen of 14- 
mil material stacked with double-lapped 
joints. The weight of such a sample of 
silicon iron is approximately 1.2 lb., 
or 540 g. To illustrate the test proce- 
dure, the steps in testing such a 540-g. 
specimen of silicon iron will be described 
in detail. 


sistors are set at values such that the 
meters read average volts, root-meap- 
square, volts, and watts, respectively, 
and values of these quantities are cal. 
culated or measured for each specimen, 
Each method has advantages for par- 
ticular applications so that both will be 
described in detail. 


First Method: 


A typical data sheet for the first 
method is shown in Fig. 6. The test 
procedure will be described with this 
sheet as a guide. 

The calibrating resistances, columns 


SAMPLE 


KILO~ 
GAUSSES 


10 i 12 
NET |SINE-Wavel 


GROSS |INSTRUM 
CoRR. 


(siticon 


IRON) 10 10 


0.510 | 0.027 | 0.483 


SP. 15 


1.287 | 0.069 1.218 1.174 


Fic. 6.—Typical Data Sheet for First Method. 


The specimen is weighed and then 
stacked in the test frame in a manner 
similar to that described in the A.S.T.M. 
Standards for the low-induction a-c. 
tests.2 The resulting joints have been 
called double-lapped joints by the 
author, due to the double thickness of 
material in each joint and have been 
discussed elsewhere.* 

Two methods of testing may now be 
followed with the circuit of Fig. 1. In 
the first, values of Rx, Rye, and Rw are 
calculated for each specimen such that 
the corresponding meters are made to 
read directly in kilogausses, kilogausses 
multiplied by the ratio of the actual 
form factor to 1.11, and watts per pound, 
respectively. In the second these re- 


3S. L. Burgwin, ‘‘A Method of Magnetic Testing for 
Sheet Material,” Review of Scientific Instruments, Vol. 7, 
July, 1936, p. 272. : 


3, 4, and 5, are calculated from the 
following formulas: 


4f Nz X 10*\ Bn 
rt.). .(3 
X (sp. gr. ) 
f = frequency, a 


Nz = secondary turns of the test 
frame, 

wt. = weight of sample from cl 
umn 2, 

= average length in centi 

meters of the strips in the 
sample. 

. = specific gravity of sample 
(See A.S.T.M. Stand 
ards),? and 

Tac. = the rectified current flowing 
through the d-c. milliam- 
meter (average value). 


where 
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4.44 f Ne X 10% Bm 
= +}. 4 
Re (; (sp. (7=) 


where 
= the root-mean-square cur- 
rent flowing through the 
a-c. milliammeter, and 
test inductions in kilogausses. 


wt. X be 


(KiKi) x4xX1 


where 
K, = the resistance of the wattmeter 
potential circuit required to 
give a sensitivity of one watt 
per scale division, 
desired wattmeter sensitivity 
in watts per pound per scale 
division, and 
length of magnetic path (as- 
sumed to be 94 cm.) 
Eq. 5 simplified becomes 


Rw = (oosis *) (K2) X (wt.).. .(5a) 


It should be noted that in the right- 
hand member of each of the above equa- 
tions the first quantity in parenthesis 
will be a constant for a series of tests 
upon similar samples at a given: fre- 
quency, the second quantity is arbi- 
trarily selected for convenience and 
satisfactory sensitivity, and the third 
quantity alone varies from sample to 
sample. Thus for 60-cycle tests with a 
700-turn test frame upon a 28-cm. 
sample with a calibration of 10,000 and 


A millimeter scale placed at a distance 
in this case of 108.2 cm. from the watt- 
meter will then have a calibration of 
0.01 watts per lb. per mm., which is a 
convenient value for many tests. Under 
the conditions specified, Rg = Rw = 
10,800 and Re = 1199 for a 540-g. 
sample. 

Values in column 6 (Fig. 6) represent 
arbitrary test inductions. 

Up to this point all values appearing 
in the data sheet have been calculated 
or arbitrarily chosen. Values in cel- 
umns 7, 8, and 12 are to be obtained from 
the test. Proceeding to the testing, it 
is assumed that the sample has been 
properly stacked in the test frame, after _ 
which resistors and R w (Fig. 1) 
are set at the calculated values minus in > 
each case the internal resistance of the 
corresponding meter; switches $1, Se, S4, 
and S; are closed and switch S; is 
placed in position B. The generator 
field rheostat and transformers Nos. 1 | 
and 2 are adjusted until the d-c. milliam- 
meter indicates that the desired induc- 
tion, column 6, has been obtained. 
(When using a synchronous commutator, _ 
care must always be taken that the — 
brushes are in the proper position to give 
a maximum reading of the d-c. milliam- — 
meter). Under these conditions, values 
in column 7 are taken from the reading 
of the a-c. milliammeter. Typical values 
are shown. 


To obtain the wattmeter readings _ 
recorded in column 8, switch Ss; is— 
opened and the generator field rheostat — 
or transformer No. 1 readjusted if neces- 
sary to maintain the correct reading of 
the d-c. milliammeter. The purpose 
of opening switch S; is to reduce instru- 
ment burden and consequently the 
necessary correction. 

Since column 8 is in watts per pound, 
the instrument correction will also have 
to be in watts per pound. That is, the 


1000 gausses per milliampere for the 
d-c. and root-mean-square milliamme- 
ters, respectively, Eqs. 3 and 4 reduce to 


Rz = 20 wt. 


= 


Similarly, if the wattmeter has a sensi- 
lvity of 1 watt per radian with 1000- 
ohms resistance in the potential circuit, 
a calibration of 10.82 watts per pound 
per radian reduces Eq. 5a to 


Ry 322 wt... (4a) 


the Rw = 20 w (5b) 
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total copper loss of the secondary cir- 
cuit which, in this case, will be almost 
entirely in the wattmeter potential cir- 
cuit and in the d-c. milliammeter cir- 
cuit, must be divided by the active 
weight of the sample, as follows: 


Instrument losses per pound 


_ (4X (Form Factor) f Bm N2 wt.\’ 
(sp. gr.) 1K 4 108 


454 xX 4X1 1 1 
8 


It will be noted that since Ry, and Rw 
are proportional to the weight of the 
sample, the instrument losses per pound 
do not depend upon the weight of the 


sample. That is, if the equations for 


R, and Ry are written 


Rp = K; (wt.) (36) 


and Rw K, (wt.) (5c) 


Instrument loss 227 X 107% Ne? 


per pound = (sp. gr)? Im 


1 1 FFBn\* (8a) 
Kz; Kz 1.11 


where FF = form factor. 

For the example under consideration, 
substituting values from Eqs. 3a and 
55 in Eq. 8a, 


Instrument loss per pound _ 
2.67 X 10° 4 A\(/FFBn\Y 
20° 20)\ 1.11 


2 
= 2.67 10° 
1.11 


Thus the instrument losses for a given 
induction are obtained by multiplying 
the square of the values of column 7 by a 
constant factor. 
The values of column 10 are obtained 
by subtracting column 9 from column 8. 
At the higher inductions when the 
form factor of the voltage wave is greater 


than 1.11, a correction in the values of 
net watts per pound to a sine-wave basis 
is desirable. The method used has been 
described by Camilli,* but since the 
equation used here is of slightly different 
form, its derivation will be given. 

If it can be assumed that the equation 


P, = Ks + K6(FF;)?....... .(10) 


represents the relation of the measured 
core loss P; to the measured form factor 
Fry then 


Po = Ks + Ke(1.11)? ... (100 


is the value of core loss for a sine wave of 
induction. Furthermore, if for a given 
material the equation 


K,(1.11)? 
= K,.........(10)) 
Po 


can be assumed to hold, that is, if Ks, 
Ke, and K; are constants, it is possible, 
knowing K7, Pi, and FF, to calculate 
from the equation: 


FF, 2 


This equation can be simplified with 
negligible error when the form factor 
differs from 1.11 by less than 15 per cent 


to 
FF 
Po = P,; | 1 —2K:{ — 
| )| 


The constant Ky; in these equations is 
usually thought of as the fraction of the 
losses due to eddy currents. This con- 
ception cannot be strictly justified, and 
may lead to errors, so that it is best to 
evaluate constant K; by measuring two 
values of core losses at the same induc 
tion but with different wave forms. 
This is easily accomplished practically 


4G. Camilli, “A Flux Voltmeter for Magnetic Tests, 
Transactions, "Am. Inst. Electrical Engrs., Vol. XLV, 
January, 1926, pp. 721-728. 
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by measuring the core losses first with milliammeter reading by some multiple 
switch So, Fig. 1, closed and thén with often. With this in mind a formula for 
itopen. The value of the constant may Ry whose derivation will be discussed — 
be calculated from in Appendix I’ is: 


P,— P; 


(10e) mutual inductance of inductor 
It should also be noted that in all of M, Fig. 1, 


these equations the ratios of the meas- = assumed length of magnetic 
ured form factors to 1.11 are the ratios path (for inductions above 
of the values of column 7 to the cor- 12 kilogausses, 88 cm. is’ 
responding values of column 6, Fig. 6. assumed instead of 94 cm., 

For the example under consideration, as used in the core-loss test), 
no correction need be made at 10 kilo- primary turns of the test 
gausses, but at 15 kilogausses, assuming frame, and 


K; = 0.25, Tac. = average current in d-c. mil- 


16.06 liammeter. 
r= 025 ( is When M = 8.33 millihenries, f = 60 


cycles, 1» = 88 cm., and N; = 700 turns, 
this formula reduces to 


This completes the core-loss test by the Hn 
first method. 


In column 12 of Fig. 6, values of 
maximum magnetizing force H, are ‘Thus, if it is desired to make one milliam- 
recorded. It is assumed that H,, is  pere represent 100 oersteds, 
proportional to the maximum exciting 
current J,. This quantity may be 
measured® after the core-loss test by 
opening switch Se, Fig. 1, readjusting 
the field rheostat or transformer 1, if : 
necessary, to maintain the correct read- Ra = 20,600 ches 
ing on the d-c. milliammeter, and then Typical test values appear in column 
switching S; to position H.6 The read- 12, Fig. 6. 
ing of the d-c. milliammeter will then be 
proportional to H,, if Ry is large com- Second Method: _ ee 
pared to the reactance of the secondary d test 
winding of M. 

For the sake of convenience, a value 


the values of and Ry are 
ot Ry may be selected such that the that the d-c. milliammeter reads directly 

magnetizing force is related to the d-c. jn average volts, the a-c. milliammeter in | 
se G. Camilli, “Reduction of Transformer Existing Cur- root-mean-square volts, and the watt-. 


nt to Sine Wave Basis,” Transactions, Am. Inst. Elec- : ; 
Engrs., Vol. LXVI, May, 1927, pp. (92-696. Elec- meter in watts. Consequently, 


_ 10fMlm Hm 


| = 1.174 watts per pound 


Hm 100 
— = = 100,000 
Faz. 0.001 


The alternative method of test pro-. 
cedure is much like the first, except that 


"fen using a synchronous commutator, a sharper ad- ins 
the ent can be obtained by adjusting the saan al volts, watts per pound, and instrument 
on rushes for a maximum reading of the d-c. milliam- Jeeta. eo 
= er —_ switch S3 on H rather than on B, because the 
ve shape of H is peaked, while that of B is flat-topped. 1 See p. 794. 
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losses must be calculated separately 
for each test sample, instead of values 
of Rg, Re, and R was in the first method. 

A sample data sheet is shown in Fig. 7 
and again the test procedure will be 
described with the test sheet as a guide. 

Under column 15 is the active weight 
of the sample in pounds, which is ob- 
tained from column 2 by the equation 


Active lm 


weight = 454 x 4X1 (total weight)... . (13) 


Nz = 700 turns, / = 28 cm., and sp, 
gr. = 7.5, this equation reduces to 


Eavg. = 0.02 (wt.) 


Values of Exms., column 18, are 
test values obtained from the a-c. 
milliammeter, or in this case voltmeter, 
when the d-c. milliammeter, or volt- 
meter, reads the value calculated from 
Eq. 14. 

Values of gross watts, column 19, are 


also test values obtained with switch 


13 ia | 15 


22 23 


SAMPLE WEIGHT 


WENT. [TOTALIAC 


NET 


WAT TS |S'!NE-WAVE 


SILICON 1540 


0.483 | 0.483 


1.218 1.174 


(sP.GR= 


7.5) 


’ Fic. 7.—Typical Data Sheet for Second Method. 


where 
ln = length of magnetic path (94 
cm.), and 
1 = average length of strips in the 
sample. 
When /, = 94 cm. and / = 28 cm., this 
equation becomes 


Active weight = 1.85 


X (total weight). . (132) 


The arbitrary test inductions are 
placed under column 16. 
_ Values of average voltage, column 17, 
are calculated for each sample and each 
test induction from the equation 


4f Bm N2 wt. 


108 (sp. gr.) 


. 


when f = 60 cycles, Bn = 10,000 gausses, 


Ss open as in the previous method, the 
difference being that now the wattmeter 
is calibrated in watts instead of watts 
per pound. 

The instrument losses, column 20, are 
in watts and are calculated from the 
measured root-mean-square voltage by 
means of equation 


1 1 
Instrument losses = Ex.m.s. (15) 


The net watts, column 21, are obtained 
by subtracting the values of column 2) 
from the corresponding values of column 
19. 

Net watts per pound, column 22, is the 
quotient of net watts, column 21, divided 
by the active weight, column 15. 

Net watts per pound must be corrected 
to a sine-wave basis, as explained in the 
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description of the first method. Equa- 
tions 10c or 10d may be used without 
change. The form factor, FF;, in these 
equations will, of course, be the ratio 
E,ms./Eave. The corrected values are 
recorded in column 23. 

The values of H,, column 24, are 
obtained as in the first method. 

In the second test method, supposing 
the d-c. milliammeter to be 2 ma. full 
scale, the root-mean-square milliam- 
meter 20 ma. full scale, and the watt- 
meter to have the same sensitivity, as 
assumed for the first method, convenient 
values of Ry, Re, and Rw would be 


Rg = 10,000 ohms, Rez = 1000 ohms, and 
Rw = 10,000 


provided the wattmeter scale were at a 
distance of 1 meter. ‘The typical values 
recorded in the data sheet, Fig. 7, are 
calculated for these conditions. 


DISCUSSION 


The test method just described in- 
volves a number of assumptions which 
need to be examined. First, the uni- 
formity of magnetization of the specimen 
will be discussed. Two factors which 
influence this uniformity are the reluc- 
tance of the joints and the uniformity 
of distribution of the magnetizing am- 
pere turns. The reluctance of double- 
lapped joints, although not negligible, 
is generally less than that of an equal 
length of the sample between joints for 
the usual commercial materials, so that 
in this regard the double-lapped core is 
better, even at low inductions, than a 
square without joints. Lack of uniform 
distribution of ampere turns is more 
serious. Due to structural reasons the 
magnetizing winding can cover only 
about 80 per cent of the magnetic path. 
This means that a certain amount of 
leakage flux cannot be avoided. The 


Uniformity of Magnetization: 


791 


nonuniformity in magnetization caused 
by this leakage flux will be roughly in an 
inverse ratio to the permeability and to 
the number of test strips of the sample. 
Since the number of strips in a double- 
lapped joint test is limited practically 
by stacking considerations, an appre- 
ciable nonuniformity in magnetization 
can be expected at high inductions, 
where the permeability is extremely 
low. Measurements of the uniformity 
of magnetization in the 24-strip double- 
lapped joint test as compared with the 
standard Epstein test. upon a 5-kg. 
specimen and the standard Fahy per- 
meammeter test indicate a more uniform 
magnetization than in either of these 
standard methods. Therefore, less error 


should be expected from nonuniformity 
in the legs between joints in the double- 
lapped joint core-loss and permeability 
tests than in the standard Epstein and 
Fahy permeability tests. 


Joint Losses: 


In the core-loss test of the double- 
lapped joint core, losses in the corners 
cause some difficulties. If these joint 
losses are completely neglected and the 
magnetic path considered to be 88 cm., 
the measured core losses per unit weight 
of sample may ordinarily be expected 
to be from 4 to 10 per cent* high, 
depending upon the permeability of the 
sample. For this reason a 7 per cent 
correction is arbitrarily made and the 
magnetic path assumed to be 94 cm. 
Results based upon this assumption 
happen to agree reasonably well with 
the result of the 5-kg. Epstein test for 
commercial material, so that substitu- 
tion of the 25-cm. Epstein test for the 
standard 5-kg. test does not necessarily 
invalidate experience factors based upon 
the older test method. 


Air Compensator: 


In the preceding text it has been as- 
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value of induction. 


sumed that the quantity measured by 


the average voltmeter is normal induc- 
tion; actually it is intrinsic induction, 
since the air-flux compensator com- 
pensates for all the air flux within the 
test winding with no sample present. 
The error in the measurement of core 
losses due to this assumption is generally 
negligible up to 16 kilogausses. At 
higher inductions corrections must be 
It should also be mentioned 


inductance of the compensator against 
that of the test frame does not give quite 
accurate compensation, although there 
is some evidence that the error resulting 
from this method is considerably less 
than from calculating the compensating 
inductance from the physical area of 
the test windings. 

If corrections are necessary, normal 
induction can easily be obtained by add- 
ing the test value of H,, to the measured 
This may be de- 
sirable, particularly in permeability test- 
ing at high inductions, as the error in 
permeability may be appreciable. 


Wave Form of Induction: — 


The correction of core losses to a sine- 
wave basis is really an extrapolation of a 
curve of losses versus the square of the 
form factor. This curve is supposed to 
be linear, but actually is not for many 
materials. Furthermore, distortion of 
the wave-form by adding resistance to 
the primary circuit gives a slightly dif- 
ferent curve than the addition of reac- 
tance; consequently to avoid excessive 
extrapolation it is best to keep the 
deviation from a sine wave of induction 
as small as possible. The impedance 
of the primary circuit, and particularly 
the reactance, determines the distortion 
of the induction wave in the test sample. 
In a 24-strip test specimen the cross- 
sectional area of the test specimen is 
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about one tenth the cross-sectional area 
of the magnetizing winding, so that 
approximately nine-tenths of the self. 
inductance of the primary winding js 
effective in distorting the induction 
wave. Therefore, in designing this test 
circuit there is not much point in keeping 
the effective inductance of the circuit 
in series with the test frame below one 
fifth of the inductance of the test frame. 
In the case of the 700-turn test frame. 
this external inductance should, there- 
fore, not be more than 0.1 millihenry. 
Reactance in this range appears to be 
about ten times as effective as resistance 
in distorting the flux wave, so that the 
effective resistance external to the test 
frame should not be greater than 05 
ohm. 


Measurement of Permeability: a 


For a-c. applications it is desirable to 
design and to rate magnetic materials 
on a basis of apparent watts per pound 
rather than permeability. In the test 
method described in the preceding text 
this quantity can be readily calculated 
for inductions up to the knee of the B-H 
curve, which, for most commercial 
materials, occurs at about 12 kilogausses, 
from measurements of root-mean-squatt 
exciting current, utilizing the equation 


Apparent watts 
per pound = 


454 x 
wt. X In 


(16 


where 
1 = average length of the strip 
(28 cm.), 
lL, = assumed length of magnet 
path (94 cm.), and 
wt. = total weight in grams. 
It is preferable to use a thermal typ 
ammeter for measuring the root-meal 
square exciting current, as impedance © 
thermal meters, besides being less than 
for other types, is almost wholly 
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sistance, which affects the value of 
root-mean-square exciting current at a 
given induction less than reactance. 

At higher inductions, the distortion of 
the induction wave due to the impedance 
of the ammeter and the rest of the pri- 
mary circuit may be sufficient to increase 
the root-mean-square exciting current 
for a given maximum induction by as" 
much as 50 per cent over the value for 
sine-wave variation of induction. Thus | 
ordinarily for inductions above 12 kilo- 
gausses it is desirable to measure H», by 
the means described in the preceding 
text or by a d-c. permeammeter method. 
From B-H curves obtained in this way 
it is possible to calculate apparent watts — 
per pound with satisfactory accuracy 
for a sine-wave variation of induction. 
It must be emphasized here that the 
ac. method of measvring H,, herein 
described, where 1, = 88 cm., is par- 
ticularly designed for use above the 
knee of the B-H curve and loses accuracy 
at lower inductions, where the reluctance 
of the corners of the test square cannot 
be neglected.* 

There is a further source of error in 
measuring a-c. permeability that should 
not be overlooked. In deriving Eq. 
12 (see Appendix I),® the self inductance 
of the secondary of the mutual in- 
ductance is assumed to be negligible 
relative to the resistance, Ry. It is 
hot easy to determine the error intro- 
duced by neglecting this self inductance 
because it also depends upon the wave 
shape of the exciting current. The 
dependence is such that a sharply peaked 
current wave, such as is encountered in 
these tests, may greatly increase the 
error over what would be expected with 
a sinusoidal current. The most sharply 
pea”ed current wave and therefore the 
greatest error which could be encoun- 
tered in the a-c. permeability test occurs 


when the flux in the sample varies sinus- 
oidally. It is shown in Appendix I that 
for this condition the error in the meas- 
ured value of the peak current will be 
approximately 


m 
Error in peak current = 4} — 


Hm 


the rate of change of H with 


respect to B at the maxi- 
mum value of H, 
fundamental frequency, and 
= the self-inductance of the 
secondary of the mutual 
inductor. 
For commercial materials now available 


Bm{ dH 
sia. will rarely be greater than 


20, so that Eq. 17 becomes: 


2 2 
Rua 


Thus for the mutual inductor described 
earlier for use with the 700-turns test 
frame where Ly = 84.5 millihenries and 
Ry = 2000 ohms, the maximum error 
in measuring peak exciting current due 
to secondary self inductance will be 0.25 
per cent. 


Clamping: 


In the standard Epstein test it is 
necessary to clamp the test specimen . 
at the corners to maintain a good butt 
joint. In tests where the double-lapped 
joint is used, it has been found that 
strains due to the clamping more than 
offset any advantage gained by the 
clamping. In the opinion of the author, 
elimination of the corner clamps is one 
of the advantages of the double-lapped 
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joint test, since it reduced by one the 
uncontrolled factors in the test. 


Design Considerations: 
— 


In setting up a test such as has been 
described, many of the constants can 
be selected in such a way as to simplify 
necessary calculations. For this reason 
a 700-turn test frame seems to be most 
convenient. The author’s use of 352 
turns was dictated in part by the test 
instruments available and is consider- 
ably less convenient than 700 turns, par- 
ticularly for silicon iron with a specific 


gravity of 7.5. 


meter. 


The value of mutual inductance of 
inductor M, Fig. 1, was chosen to make 
Ry equal to 2000 or 20,000 ohms for a 
desirable calibration of the d-c. milliam- 
These are minor considerations, 


although they do have some value jn 
avoiding errors in routine testing. 


CONCLUSION 


In the preceding text an attempt has 
been made to describe an apparatus and 
method of testing for a-c. core loss and 
a-c. permeability, together with some 
of the method’s limitations, in sufficient 
detail to permit the setting up and in- 
telligent use of such an apparatus, 
Very little has been said of the advan- 
tages of this test as compared to the 
standard tests. Most of the advantages 
are obvious, and so have not been men- 
tioned. One which perhaps should be 
emphasized is the reproducibility of 
results, although the absolute accuracy 
of the test results is probably no better 
than with the standard methods. 


APPENDIX I 


The relation between Ry, Fig. 1, and the 
calibration of the d-c. milliameter in terms 
of Hn, as expressed in Eq. 12 may be de- 
rived as follows: 

Instantaneous voltages are summed 
around the secondary circuit of the mutual 
inductor, M, Fig. 1. 


dl 


dl, 


= mutual inductance of M, 
self inductance of the second- 
ary of M, 
= primary current of M, and 
= secondary current of M. 


The nadine, Ta.c., of the d-c. milliameter 


may be expressed by 


where initial time ¢ = 0 occurs at J, = 0. 
Then substituting the value of 7, from Ea. 


12a in Eq. 


At the integration limits ¢ = 0 and? = ~, 


I, = 0 by definition. Therefore 


1 
t=0 


The integration limits of the other right- 
hand member of Eq. 12c are more difficult 
to evaluate, so for the moment let us assume 
that J = J’ whent = Oand/J = —I' whe 
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It is apparent that the meter reading, Ja. ., 
is actually proportional to J’, the value of 
primary current at the instant when J, = 0, 
rather than J, the peak value which we 
wish to measure. However, if the ratio of 
L, to Ry is made to approach zero, the time 
interval between J,, and J’ will also approach 
zero, so that the value of J’ will approach 

Im 

than the required precision of measuring 
[,. Therefore, we may substitute J» for 
I' in Eq. 12e, provided that the ratio of 
L, to Ry permits satisfactory precision, and 
Eq. 12c becomes 


that of J» and - can be made less 


In terms of magnetizing force 


Substituting for J» and solving for Ry in 
Eq. 12f 


Hm 


rN, 


In addition to deriving Eq. 12 it is desir- 
able to attempt to derive an expression for 
the error in measuring H/,, in terms of L, 
and Ry. The percentage error in Hy, 
(), is equal to the percentage error in 
OF 


The exciting current wave tends to be 
peaked for these tests, so that for an equal 
time interval between J,, and J’, the error 
will be larger than for a sinusoidal current 
wave and the more sharply peaked the wave 
the greater the error. 

When magnetizing an iron core from a 
sinusoidal voltage source. the wave shape of 
the flux in the core and consequently the 
wave shape of the exciting current depends 
upon the impedance in series with the core. 
Thus with zero series impedance, the flux 
s sinusoidal and the current sharply peaked. 
_ When series inductance or resistance is 
introduced, both the flux and current waves 
broaden until in the limit the current be- 


comes sinusoidal. Since there is no satis- 
factory method at present for calculating 
the wave form of the exciting current for 
other than the limiting cases, we must 


select for purposes of this calculation the 


limiting case where the error in H,, is 
largest or where the flux is sinusoidal and 
the current wave is peaked. This will be 
on the safe side, however, as it makes the 
calculated error greater than will ever 
actually be encountered. 

However, if for the moment we consider 
the current to be sinusoidal, the time 
interval between J 
I = 0 is 

1 


= Ru 


Now since the angle will be very small, we — 


may assume that the tangent of the angle 
equals the angle or 


so that under these conditions it can be seen 


that the time interval will be the same | 
Therefore, 


regardless of the frequency. 
the current J may now be expressed in a 
Fourier’s series, the time interval will be 


. 
the same for each harmonic, and R may be 
H 


regarded as the time 
Tn and I’. 

Since the flux density B in the test sample 
varies sinusoidally, the change, AB, in the 


interval between 


time interval, At, is 


AB = Bn [ — sin (= + 
Ruy 


»\2 
) , approximately. . (17d) 
H 


or the change A// in / is approximately 


dH 
= AB 
AH = AI 


1 (dH\ 


Therefore 


= J,, and I, = 0 or 
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DISCUSSION 


Mr. Tuomas SpoonerR.'—Some years 
ago Committee A-6 on Magnetic Prop- 
erties developed a low induction test 
using the 25-cm. sample. This was 
intended primarily to be used in connec- 
tion with core material for telephone and 
radio apparatus. It worked out very 
successfully and is used by a number of 
laboratories. After the development of 


this test, the 25-cm. sample proved to 
be so convenient that it was a logical 
step to develop its use for high induc- 
tions, and this work that Mr. Burgwin 
has described today is the outcome of 
that extension of the use of the 25-cm. 
sample. 


We are making a series of 
round-robin tests in the committee at 
the present time, and hope—it is only a 
hope because of delays due to war 


1 Manager, Engineering Laboratories and Standards 
Dept., Westinghouse Electric and Manufacturing Co., 
East Pittsburgh, Pa. 


activities—that those tests may he 
carried far enough so that we can 
present a tentative method of test to the 
Society next year. Mr. Burgwin has 
done a very complete job in describing 
his test methods, experiences, and dif- 
ficulties, and it is going to be a very 
simple matter to convert his paper into 
a test specification. Iam sure that the 
committee is very grateful to him for 
the very detailed report he has given of 
his work. 

Mr. S. L. BurGcwin? (author’s closure). 
—There is not much that I can add to 
Mr. Spooner’s remarks, which seem tome 
to sum up the situation in regard to the 
25-cm. Epstein test very nicely, except 
to thank Mr. Spooner and Committee 
A-6 for the support and encouragement 
which they have given this development. 

2 Electrical Engineer, Westinghouse Research Labora 


tories, Westinghouse Electric and Manufacturing Co., 
East Pittsburgh, Pa. 
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FATIGUE AND STATIC LOAD TESTS OF A HIGH-STRENGTH CAST 
IRON AT ELEVATED TEMPERATURES 


By W. LeicuTon CoLiins! AND JAMEs O. SmitH! 


SYNOPSIS 


Repeated-load and short-time static-load tests of unnotched and notched 
specimens cut from large plates of one heat of a commercial high-strength cast 
iron are reported. Very little difference between the static ultimate strengths 
of unnotched and notched (circumferential V-groove) specimens could be ob- 
served at any temperature from room temperature to 1100 F. The endurance 
limits for unnotched and notched, small transverse hole, specimens for com- 
pletely reversed cycles of bending stress were determined for seven tempera- 
tures ranging from room temperature to 1200 F. The endurance limits for 
both types of specimens were practically equal for the range of temperatures 
used, provided the net cross-section is used in computing the stresses in the 
specimens with the holes. The ratio of endurance limit to static tensile 
strength had an almost constant value of 0.44 for the entire range of 


temperature. 


The repeated-load and _static-load 
tests at elevated temperatures reported 
in this paper are part of an extensive 
investigation of the mechanical proper- 


ties of a high-strength cast iron. Short- 
time static-load tension tests were made 
at temperatures ranging from room 
temperature to 1100 F. The results of 
these tests helped in planning the fatigue 
lests at elevated temperatures and are 
considered to be of practical value in 
determining attainable strengths at vari- 
ous temperatures under extreme over- 
load conditions occurring for a short 
period of time. However, for many 
uses at elevated temperatures long-time 
static tension (time-to-fracture) tests 
are highly desirable and are, therefore, 
included in the future plans of the in- 


Assistant Professor, and Instructor, respectively, 


artment of Th ti i i ‘a 
versity of Illinois, Applied Mechanics, Uni 


vestigation. Since cast iron is used in 
some cases at high temperatures in 
machine parts having stress concen- 
trations as well as in parts free from 
stress concentrations, both notched and 
notch-free specimens were used in the 
static and fatigue tests. The repeated- 
load tests may in general be more 
directly useful than the tensile strengths 
in that modern service conditions in 
steam turbines, pumps, etc., frequently 
subject cast iron to repeated loads at 
relatively high temperatures. Long- 
time static tests from which the creep © 
properties may be obtained are also 
desirable but are not discussed in this 
paper. 


MATERIAL AND TEST SPECIMENS © 


The material used came from one 
pouring of a high-strength cast iron 
furnished by the Gardner-Denver Co. 
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of Quincy, Ill. The iron was a “process 
iron” made by the Sarbo-Mat Process. 
The furnace charge consisted of 78 per 
cent low carbon steel scrap, 21 per cent 
factory and foundry scrap and 1 per 
cent manganese; the Sarbo-Mat alloy 
was added at the cupola spout. The 
castings were in the form of large slabs, 
cast vertically and poured from the top, 


Total carbon, per cent 
Combined carbon, per cent.......... 
Graphitic carbon, per cent 
Silicon, per cent 

Manganese, per cent 

Copper, per cent 

Chromium, per cent 

Nickel, per cent 

Molybdenum, per cent 
Phosphorus, per cent 

Sulfur (evolved as H2S), per cent 
Sulfur (gravimetric), per cent 


Too! Marks Removed 


0.500" a Fine File 
0625'diam—~ diam, \ dred. 
T+ 


23—+/ 
6% 
(a) Unnotched Static Tension Specimen 


Polished Longitudinally 
; with No.00 Emery Cloth 
0.394"diam. 


-0.0!"rad. 
0.500"diam. 


65- 
(b) Notched Static Tension Specimen 


Polished Longitudinally 
with No.00 Emery Cloth 
Relieved 


0.625 


mnt 


0300" 


5"rad. 


= A 
0320'diam. 


| diom. 


54 


/3" 


(c) Unnotched Repeated Load Specimen 


(d) Notched Repeated ; 
Load Specimen 
Similar to (c)except 
as noted above 
_— lop of Casting 


« 


| 
lLorge Ends 
ce! 


Large Ends of Specimens 


FFN29_ 
22" 


5 


+. 


BT 
Degen) 
——----b 


768 


—+-4 


18 
26" - 


4 


17@ 13-22" 
26° 


(e) Casting No.7 (f) Casting No.9 


Fic. 2.—Specimens and Castings. 


26 in. long, 13 in. thick, and 27 in. high. 
All material used was in the “as cast” 
condition. 

The chemical composition as deter- 
mined from a specimen taken from the 
center of casting No. 3, not used for 
these tests but the location is shown as 
point A in Fig. 2(f), is as follows: 


Typical photomicrographs from loca- 
tion A of casting No. 3 are shown in 
Fig. 1. The material photographed was 
half-way between the outside and center 
of the thickness of the casting, thus 
being representative of the material at 
the center of the test specimens used in — 


this investigation. 
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The four types of specimens used, their 
dimensions, and their locations in the 
castings are shown in Fig. 2. Specimen 
a is in accordance with the A.S.T.M. 
Tentative Method of Test for Short- 
Time High-Temperature Tension Tests 
of Metallic Materials (E 21 - 37 T)? and 
was used for the unnotched short-time 
static tension tests at all temperatures. 
Specimen b is the notched (circumferen- 
tial V-groove) specimen tested similarly 
to a in order to determine notch sensi- 
tivity under short-time static tensile 
loads at various temperatures. Speci- 
mens ¢ (unnotched) and d (notched with 
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EQUIPMENT AND TEST PROCEDURE 
Static Tests: 


The static-load tests were made in a 
10,000-lb. motor-driven Olsen screw. 
power testing machine whose accuracy 
is within the permissible variation al- 
lowed by the A.S.T.M. Standard 
Methods of Verification of Testing 
Machines (E4-36).2 The free speed 
of loading head used was 0.075 in. per 
min. for unnotched specimens and 0.018 
in. per min. for the specimens with 
notches; thus the time of testing (period 
during which load was applied) for both 
types of specimens normally varied from 


ood 


Ammeter 
110 V. Transformer 
Furnace 


L 
Specimen 
leads 


Milli voltmeter G 
Variable Resistance 


To Common 
Thermocouple 
Terminal 


Spherical 
Seat 
loa d 


Fic. 3.—Diagrammatic Sketch of Furnace and Wiring for Short-Time Tension Tests. 


a transverse, diametral hole) were used 
for the repeated-load tests at elevated 


6 to 8 min., the shorter times usually 
being for the higher temperatures. Only 
the maximum load supported by each 
specimen was recorded. 

A diagrammatic sketch of the appara- 
tus used for the short-time tension tests 
of unnotched specimens at elevated 
temperatures is shown in Fig. 3. For 
the notched -specimens the furnace 
coils were connected in series in order to 
reduce the amount of current and in 
order to use a Leeds and Northrup 
potentiometer recorder and controller; 
a shunt was inserted in the top coil of 
the furnace in order to maintain the 


temperatures. The endurance limits at 
room temperature were determined from 
specimens having critical sections similar 
to specimens ¢ and d but which were 
tested in rotating-beam, Farmer type 
machines. It will be noted, from Fig. 
2(e) and (f), that the location of each 
specimen in the casting is known. The 
first number for each specimen desig- 
nates the number of the casting from 
which the specimen came; the other 
numbers and letters indicate type of 
test, location in casting, etc. 


_ 2 1939 Book of A.S.T.M. Standards, Part I, p. 1254. 


3 Ibid., p. 767. 
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permissible temperature gradient, but 
its insertion was found unnecessary; 
and a double-pole switch was inserted 
at E of Fig. 3 in order that a Micromax 
recorder could be used as a check on the 
temperature. However, only one re- 
corder was in the circuit at the time of 
reading the temperature, which was 
always determined from a millivoltmeter 


was checked for each specimen by the 
use of at least three thermocouples, one 
at the center of the turned-down length a 
and one near each fillet. The reading ; 
of the center thermocouple, at the root 
of the notch for the notched specimens, 
was always used as the temperature of 
the specimen. 
In all cases the specimens were slowly — 


Fic. 4.—Rotating-Spring Fatigue Testing Machine. 


and a Leeds and Northrup conversion 
table. The calibration of the thermo- 
couples used showed such practice to be 
feasible. 

The furnace was so constructed that a 
temperature gradient of ten degrees or 
less over the length between threaded 
ends, conforming with E 21 - 37 T, was 
obtained. Maintenance of this gradient 


brought to temperature in 2 to 2} hr. 
by a current not exceeding by more than — 
25 per cent that required to maintain 
the test temperature. The test tem- 
perature was normally maintained 
within +5 to +7F. for at least 30 
min. prior to starting the application of 
load, thus making certain of thermal 


equilibrium. 
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Fatigue Tests: 


The repeated-load tests at elevated 
temperatures were made in two rotating- 
spring fatigue testing machines‘ designed 
in the Fatigue Laboratory of the Univer- 
sity of Illinois and operating at speeds of 
2500 rpm. ‘This type of constant strain 
machine was used because the specimen 
is stationary and its temperature can 
thus be measured accurately by means 
of attached thermocouples. The 
machine is shown in Fig. 4. The large 

end of specimen S is held rigid in the 
vise V, and the other end which runs 

in roller bearing B is rotated in a small 
circle by means of shaft H and pulley P 
which is driven by an electric motor M. 
Consequently the specimen is subjected 
to completely reversed cycles of bending 

- stress. The stress in the specimen is 
by the compression of the 


calibrated spring 7, the compression 
1 being measured, when the machine is 
stopped, by means of a removable dial 


_D with a long plunger inserted in hole 

O. After proper adjustment of load, 
the deflection was kept constant by 
means ofclampC. The electric furnace 

F is placed around the specimen, S, and, 

is attached to a Leeds and Northrup 

_ potentiometer recorder and controller L. 
‘During a test the furnace is covered with 
a thick-walled asbestos box A. The 
thermocouples used to measure the tem- 
perature of the specimen are marked 7. 

At frequent intervals during a test 

the machine was stopped, the clamp 
loosened and the load checked. In this 
manner the load was kept practically 
constant throughout the entire test. 
In all cases the specimen was brought 
nearly to the test temperature by a cur- 

4 Fully described by H. F. Moore and G. N. Krouse, 

Blaterials Testing Laboratory st the af 
7 Illinois,” Circular No. 23, Engineering Experiment %ta- 
_ tion, University of Illinois (1934); also H. F. Moore and 

_N. J. Alleman, “Progress Report on Fatigue Tests of Low- 


_ Carbon Steel at Elevated Temperatures,” Proceedings, 
. Soc. Testing Mats., Vol. 31, Part I, p. 114 (1931). 
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rent slightly in excess of that required 
to maintain the temperature desired, 
The current was then reduced and the 
specimen reached the test temperature 
by the time loading was completed, 
At the higher temperatures great care 
was taken to prevent creep from causing 
any of the measured deflection. One 
division of the dial on one machine 
represented a maximum stress of 166 
psi. at the smallest section of the speci- 
men; the other machine had a similar 
constant. The normal variation during 
a test was 0.5 divisions and never ex- 
ceeded 3 divisions. 

The furnace was calibrated and ad- 
justed so that the temperature variation 
from the mean over a 1-in. length con- 
taining the critical section of the speci- 
men did not exceed +5 F. in most cases 
and in no case exceeded +10F. The 
temperature of the furnace was main- 
tained within a range of +7F.; the 
No. 12 wire chromel-alumel thermo- 
couple leading to the recorder and con- 
troller was placed near the inside wall 
of the furnace to provide the most sensi- 
tive control. The temperature of the 
specimen was determined by means of a 
calibrated chromel-alumel thermocouple 
made of No. 34 wires carefully attached 
to the specimen at its smallest section. 
In each test a second thermocouple was 
placed at a distance of 0.5 in. from the 
smallest section of the specimen in order 
to check the temperature gradient. 
The temperature variation of the speci- 
men at each thermocouple rarely ex- 
ceeded a range of +3F. during the 
progress of a test. 


Test DATA AND RESULTS 


Static Tests: 


The tensile strengths determined from 
the short-time tests are shown in Fig. 6, 
the stress for the notched specimens 
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being based on the area at the root of the same type of specimen tested at the same 
groove. Although the tensile strength temperature. Consequently it is felt 


values for the notched specimens are _ that no significant difference is observed 
7 


25 000 


rRoom Temperature 


300 F. 


© Unnotched Specimens 


© Notched Specimens, Stresses Based on 
Gross Area 


L,/ndicates Specimens which did not Fail 
500 F. 


107 108 
Number of Cycles for Fracture 


Fic. 5.—S-N Diagrams for Completely Reversed Cycles of Bending Stress. — 


frequently slightly less than the values between the strengths of unnotched and 
for unnotched specimens, the differences notched (circumferential V-groove) 
In almost all cases are less than the specimens for temperatures in the range 
Variation between several values for the from room temperature to 1100 F. 
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Fatigue Tests: 7 

The S-N (stress-number of cycles to 
failure) curves for the repeated-load 
tests at all temperatures used are shown 
in Fig. 5 and the endurance limits® are 
tabulated in Table I. It should be noted 
that the stresses used for the notched 


TABLE I.—ENDURANCE LIMITS. 


| Endurance Limits, psi. 


Temperature, 
deg. Fahr. Notched 
Unnotched | 


| Gross Area | Net Area 


20 400 
20 400 
19 200 
22 800 
20 400 
16 800 

7 210 


20000 | 17000 | 

17 000 

16 000 

19 000 

17 000 

14000 | 
6000 | 


18 000 
21 600 
23 000 
14 500 
6 000 


* Notch consists of a transverse hole whose diameter is 
0.10 the diameter of the specimen. 


60 000 
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least 20,000,000 cycles of stress and jy 
all but one case the difference betwee 
the stress in the last specimen tha 
broke and the endurance limit did no 
exceed 1000 psi. It will be observe 
that the endurance limits for the notched 
(0.032-in. diameter hole) specimens are 
only slightly less than for the unnotched 
specimens at all temperatures except 
1200 F., and there the endurance limits 
have a common value. Attention 
called to the fact that specimens teste 
at 3000 to 4000 psi. above the endurance 
limits broke at relatively small numbers 
of cycles; this means that any overload 
ing, even though it is for a relative) 
small number of cycles, may lead to an 
early failure. 

The endurance limits plotted against 


50 000 


40000 


psi 


30 000 


Stress 


= = 


Tensile Strength 
Unnotched Specimens 
© Notched Specimens 
. Each point represents 
one test 


\ 
\ 


20 000 


— 


a 


| 


Endurance Limit 


|. Unnotched Specimens 

10 000 © Notched Specimens, Stress Based on Gross Area 
x Notched Specimens, Stress Based on Net Area 
fach point represents one endurance limit 


| | 


200 400 


600 800 1000 1200 


Temperature of Test, deg. Fahr. 


Fic. 6.—Strength-Temperature Curves. 


specimens are based on the gross area, 
no allowance having been made for the 
material removed in forming the hole. 
All endurance limits are based on at 


5 Although the terms ‘endurance limit of unnotched 
specimens” and “‘endurance limit of notched specimens” 
are used in this report, it should be noted that the en- 
durance limit of the material is obtained from the tests of 
unnotched specimens. 


temperature are shown in the lower pat! 
of Fig. 6. It should be noted that here 
the endurance limits for the notche! 
specimens are plotted using both the 
gross and the net cross-sections in coll 
puting the stresses. A comparison \ 
the data for the unnotched and te 
notched specimens can be made evel 
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though the specimens did not come from 
the same casting. From data not in- 
duded in this report a variation of 
3000 psi. was found in the tensile 
strengths of similarly located specimens 
in three castings. This variation is no 
greater than the variations found for 


The shapes of the temperature - en- 
durance limit curves are quite similar 
to the shape of the temperature - tensile 
strength curve except for what appears 
to be an unusually high value of endur- 
ance limit for unnotched specimens at 
850 F. This causes the “hump” in 


(a) Specimen No. 9EF18—20,028,100 cycles at 850 F. 


(b) Specimen No. 7EFN11—25,547,400 cycles at 850 F. 
(c) Specimen No. 9EF32—21,164,800 cycles at 1200 F. 


(d) Specimen No. 7EFN21 


strengths of specimens taken from cast- 
ing No. 7 and tested at room temperature 
(see Fig. 6). Thus a comparison of the 
endurance limits for the unnotched and 
notched specimens can be made without 
tegard for any significant difference in 
the material of the two castings from 
which the specimens came. 


20,000,000 cycles at 1200 F. 


the curve for endurance limits to be at 
about 800 F. whereas the greatest tensile 
strength was obtained at 700F. The 
fact that the curve for endurance limits 
based on net areas coincides so closely 
with the curve for the unnotched speci- 
mens indicates that the stress concen- 
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tration factor is unity for all tempera- 
tures used. 

The endurance ratios, which are the 
average values of the endurance limits 
of unnotched and notched, based on net 
cross-section, specimens for any temper- 
ature divided by the average tensile 
strength of all specimens tested at that 
temperature, are listed in Table II. 
An average value of 0.44 is obtained. 
The value of tensile strength at 850 F. 
given in Table II is interpolated from 
the curve in Fig. 6; the value for 1200 F. 
is extrapolated from the values up to 
1100 F. The maximum variation from 
the average value of the endurance 


TABLE II.—COMPARISON OF ENDURANCE LIMITS 
AND TENSILE STRENGTHS. 

Average endurance limit 

at a given temperature 


Average tensile strength at 
the same temperature 


Endurance ratio = 


Average Average 

Endurance ‘Tensile 
Limit, Strength, 
psi.* psi. 


| Endurance 


Temperature, 
atio 


deg. Fahr. 


48 400 
45 000 
46 500 
50 200 
44 800 
33 200 0.47 
16 500 0.40° 
Average = 0.44 


0.42 
0.43 
0.40 
0.44 
0.48 


® Average of endurance limits of unnotched specimens 
and of notched specimens, based on net cross-section. 
Extrapolated from 1100 F. 


ratio is +9 per cent. The practically 
constant value of this ratio leads to the 
belief that the material was relatively 
metallurgically stable at all temperatures 
used and for the time involved in the 
tests. 

The specimens subjected to high tem- 
peratures for long periods of time, 
maximum of about 6 days, in the fatigue 
tests underwent slight scaling. This 
condition is shown in Fig. 7. The 
scaling may account for a small amount 
of the decrease in endurance limits at 
temperatures above 800 F., but in view 
of the fact that there was no scaling in 
the short-time tension tests and that the 
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endurance ratio is so nearly constant 
for all temperatures (see Table II) the 
decrease apparently is accounted for by 
inherent weakening of the material due 
to the high temperature. 


CONCLUSIONS 


From a study of the data in the table 
and of the figures, the following con- 
clusions regarding the tests of a high. 
strength cast iron at elevated tempen- 
tures can be reached: 


Short-Time Static Tension Tests: 


1. A circumferential V-groove had 
very little effect on the tensile strength 
at temperatures ranging from room tem- 
perature to 1100 F. In other words, the 
stress concentration factor under thes 
conditions was practically unity. 

2. The average tensile strength of all 
specimens, notched and _ unnotched, 
varied from 49,000 psi. at room tempera- 
ture to 45,000 psi. at 300 F., to a maxi- 
mum of 49,500 psi. at 700 F., and to 
only 26,000 psi. at 1100 F. 7 


Fatigue Tests in Bending: 


3. A transverse hole had no effect 
upon the fatigue strength of the high- 
strength cast iron tested for any tem- 
perature ranging from room temperature 
to 1200 F., provided that the stresse 
in the specimens containing the hole 
are calculated on the basis of the net 
cross-section at the holes. 

4. The endurance limit for completely 
reversed cycles of bending stress 4 
determined from unnotched and notchet 
specimens, based on net cross-sectiol, 
varied from 20,200 psi. at room tel 
perature to 19,500 psi. at 300F., to4 
maximum of 22,500 psi. at 800 F., an 
to 6500 psi. at 1200 F. 

5. The endurance ratio, that is, the 
ratio of the endurance limit for com 
pletely reversed cycles of bending stres 
to the tensile strength, has an almos! 
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constant value of 0.44 for temperatures 
ranging from room temperature to 1200F. 

6. The maximum static and fatigue 
strengths occurred at approximately 
700F. and both strengths decreased 
rapidly at higher temperatures. 
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DISCUSSION 


Mr. J. S. Vanick! (presented in written 
form).—By establishing the fact that 
the ratio between fatigue strength and 
static strength of a cast iron adheres to 
a fixed ratio and follows a parallel course 
from room temperatures to 1100 F., 
the authors have established an im- 
portant relationship which up to this 
time had been taken for granted but not 
proven. There is further satisfaction 
in the discovery that notched bars re- 
tain practically the full strength of the 
material for the net cross-section. In 
addition to the applications to which the 
authors have called attention, their 


results should be helpful in working out 
the design of castings such as piston 
rings and engine cylinder sleeves, pistons, 


and heads, which in many cases are sub- 
ject to repeated loads at relatively high 
temperatures. The fatigue strength at 
low and high temperatures of the harder, 
low-alloyed heat-resisting irons would 
suggest an interesting study for the 
extension of this work. 

The authors are aware that their 
tests are applicable only to iron that has 
been exposed to loading at elevated 
temperatures for a relatively short time. 
This point is re-emphasized here because 
a lower-strength cast iron made from a 
composition possessing better heat re- 
sistance than the material tested might 
be able to retain its initial strength and 
presumably its fatigue strength at ele- 
vated temperatures over a much longer 
period of time than a stronger iron of the 
50,000 or 60,000 psi. tensile strength 


1 Metallurgist, 


The International Nickel Co., Inc., 
Bayonne, N. J. 


class which possesses less resistance to 
deterioration by heat. It is known, 
for example, that steam at temperatures 
of 700 to 900 F. is much more destructive 
than muffle furnace atmospheres at these 
same temperatures, and a valuable con- 
tribution to the extension of the applica- 
tion of cast iron would result if this work 
inspires someone to establish the static 
and fatigue strengths of cast irons at 
temperatures in the 700 to 1200 F. 
range by testing a number of suitable 
compositions over a long (6 to 12 
months) period of time. 

Mr. JAspeR O. DRAFFIN® (presented 
in written form).—In view of the large 
use of cast iron for  stress-bearing 
machine parts, this investigation is most 
timely. It is apparent that great care 
was used by the authors to maintain 
constant temperatures, uniform through- 
out the specimens for each series of tests 

a condition essential for good results. 

The chemical analysis does not indi- 
cate any large amount of alloying ¢le- 
ments in the iron, and the question may 
be asked as to how the high strength 
was obtained. It would also be desir- 
able to know something of the hardness 
of this iron. With regard to the assump- 
tion of uniformity in the different 
castings, the difference seems to be 
about 8 per cent. Since tests on other 
irons have shown a variation as great as 
12 to 14 per cent within a single casting 
and an average of a number of tests for 
a number of castings from a single heat 
has given as high as 10 per cent variation, 
the assumption seems justified. 


2 Professor of Theoretical and Applied Mechanics, 


University of Illinois, Urbana, Ill. 
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exploratory tests, in static torsion, of notched (net area) bars may be analyzed 
notched and unnotched specimens of by the method outlined by Fisher.‘ 
ordinary gray cast iron without finding _ 
a significant difference in strength which Endurance Limits, on 
could be attributed to the notch, he is Tempera- 
somewhat surprised that no appreciable Fahr. | sanotched | Notched 
difference was found for similar tests in _ | eon 

tension. Does this mean that stress 20.0 20.4 
concentrations due to sudden changes in 18.0 19.2 
cross-section do not lower the strength of ap gs 
brittle materials subjected to an axial ee ee 
tensile stress under static load? 

While the reliability of the data is - 
not questioned, the endurance limit for = 
the unnotched specimens at a tempera- For n = 5, p is between 0.4 and 0.5. 
ture of 850 F. looks out of line with the 
other values. It. would be well to 
check these tests, if possible, since it 
may be that two unusually strong speci- 
mens were, by chance, tested at this 
temperature and stress. This check 
seems advisable, particularly in view of 
the fact that at this temperature the 
specimens failed at a relatively small 
number of repetitions of load when 
stressed but slightly above the en- 
durance limit, a fact pointed out by the 
authors for all their tests. 

It would be interesting to know 
whether the endurance ratio for ordinary 
gray iron agrees with that for high- 
strength iron at various temperatures. a 

Mr. C. K. Donono* (presented in | |rensile Strength, 
written form).—The authors of the paper psi. X 103 
have compared tests of unnotched and | deg. Fabs. Un- | 
notched specimens and have adjudged notched | Notched 
that there is no significant difference in | 50 t0 100 
the tests attributable to the notching. a 


™ 460 to 520 
There are useful statistical tests for 
significance ic ay applie 990 to 1020 
ance which may be applied to 
these data to determine the ‘evel of 

probability of significance or nonsig- 
nihcance of the effect of notching on the = 0.2237, t = 
physical tests. For n = 6, pis less than 0.01. 

For example, the data of Table I for 


Though the writer has made a few endurance limit of unnotched and 7 


0.6167_ 


= 0.895 


Since the probability of the difference, 
p, occurring by chance is between 0.4 
and 0.5, obviously the difference cannot 
be considered significant. 

The results of the static tests shown | 
in the upper part of Fig. 6 unfortunately 
are not given in numerical form and— 
hence cannot be treated with exactness. 
However, the data were divided into 
groups by temperature intervals, i 
plotted points scaled off as accurately — 
as possible, and the results of each kind © 
of tést for each group averaged to give — 
values which may be considered as_ 
representative single tests to be com-— 
pared. 


1M 4R. A. Fisher, ‘Statistical for 
etallurgist, Ameri Cas i ‘o., Birming- Workers,” Sixth Edition, p. 126, et seg., Oliver and Boyd, 
ham, Ala. g erican Cast Iron Pipe Co., Birming andor, (1936). 
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It will be seen here that for the seven 
groups all of the differences are of the 
same sign, which is in itself a remote 
chance probability (2 in 128), while use 
of the calculated ¢ shows that such a 
difference should occur by chance less 
than one time in 100 trials. In this 
case it appears that the differences are 
significant. 

It is believed that the use of some 
such statistical method to estimate 
significance adds to the value and 
meaning of such data. 


Messrs. W. LEIGHTON COLLINS AND 
James O. Situ‘ (authors’ closure by 
letter).—The authors wish to thank Mr. 
Vanick for mentioning the industrial 
applications wherein the data presented 
may be of value. The suggestions for 
continued work along similar lines are 
also appreciated and will serve as a 
guide for future work. 

Mr. Draffin inquired about the hard- 
ness of the iron and the source of the 
high strength. The high strength, con- 

sidering the small amounts of alloying 


‘ Assistant Professor, and Instructor, seagenivey, 
Department, of Theoretical and Applied Mechanics, 
University of Illinois, Urbana, III. 


elements present, is undoubtedly due to 
the fact that the material is a “process” 
iron, that is, the alloying is done at the 
cupola spout. Although no published 
reference can be given, the authors 
have been led to believe that for a 
given chemical composition a “process” 
iron will have a strength of about 10,000 
psi. greater than an iron made by the 
more usual cupola method. The hard- 
ness of the iron, at location A of Fig. 
2(f), is 200 Brinell (3000-kg. load) 
and 15 on the Rockwell “C”’ sale. 
No definite statement regarding Mr. 
Draffin’s question about notch sensi- 
tivity of cast irons subjected to static 
loads will be made at thistime. How- 
ever, it is hoped that an answer will be 
available next year as the authors now 
have such an investigation for both 
static and repeated loads under way. 
The statistical study of the data made 
by Mr. Donoho is a distinct contribution 
to the paper because it does present 
another method of interpreting the data. 
The authors are very grateful to Mr. 
Donoho for having made the study and 
submitting it as a discussion. 
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By JoHN SANFORD PEcK! 


‘The data presented in this paper show the effect produced upon the Rock- 
well hardness of gray cast iron by compressive loads of increasing intensity. 
Specimens of gray cast iron, 1 in. square and 3 in. high were used. The Rock- 
well B hardness of each specimen was obtained prior to loading by averaging 
64 readings, 16 on each face. The specimens were then subjected to com- 
pressive loads, increasing by increments of 10,000 psi. and their Rockwell 
hardness obtained again. The change in hardness was computed and the 
results plotted. In order to investigate the possible effect of the height of 
the specimen on the results, a series of check tests was run using specimens 
1, 1}, 2, and 3 in. in height, respectively. No material effect was observed. 

The data show that up to about 40,000 psi. the Rockwell B hardness in- 
creases slightly. From 40,000 to 60,000 psi. no significant change in hardness 
was observed. From 60,000 psi. to failure the Rockwell B hardness de- 
creased rapidly. 

In order to explain this apparent violation of all the theories of strain hard- 
ening, micrographs were made of the same spot in one specimen after increas- 
ing compressive loads had been applied. These micrographs, taken in the 
polished and unetched condition, show minute cracks appearing after a load 
of 60,000 psi. and increasing after succeeding loads until failure. 

It is concluded that the apparent softening of the metal as indicated by 
the differences in Rockwell hardness values taken before and after compress- 
ing is due to the penetrator of the Rockwell tester slipping into one of these 
minute fissures and giving a lower reading. 


This somewhat informal study was 
undertaken in an effort to explain a 
phenomenon that appeared some two 
yeats ago in the course of student ac- 
tivities in the Materials Testing Labora- 
ory of the College of the City of New 
York. At that time, the practice was 
instituted of requiring the students to 
make Rockwell hardness tests on all 
metallic specimens before and after test. 
The intention was to illustrate the phe- 
homenon of strain hardening. 


' Assistant Prof. 
ty of New — of Civil Engineering, College of the 


The results obtained were entirely con- 
sistent in all cases, with one notable ex- 
ception. When cast iron was tested in 
compression, it was discovered that the 
Rockwell hardness number showed a 
marked decrease after test. Such a re- 
sult is diametrically opposed to the - 
amorphous metal hypothesis, the slip 
interference theory, or any other theory 
regarding strain hardening and it was 
felt that a study of the phenomenon 
might result in some explanation that 
would at least satisfy student curiosity 
and might possibly be of wider interest. 


. 
a THE STRAIN HARDENING OF GRAY CAST IRON ; 
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It was realized at the start that when 
dealing with such a variable material as 
cast iron it would be necessary to take a 
large number of individual readings in 
order to obtain a mean value for the 
hardness of any one specimen that would 
approach reliability. 

The specimens selected for the in- 
vestigation were medium gray cast iron, 
1 by 1 in. in cross-section and 3 in. 
high. Sixteen Rockwell hardness read- 
ings were taken on each 1 by }-in. face, 
each reading in the center of an area } 
by 4 in. Sixty-four readings thus con- 
stituted one set. The specimens were 
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40 000 80 000 120 000 
Applied Load, psi. 
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Fic. 1.—Effect of Compression on Rockwell 
Hardness of Gray Cast Iron. 


For specimens of varying heights. 


then loaded on their 1 by 1-in. faces 
and another set of hardness readings 
taken. The difference b ’ween the 
means of these two sets of hardness 
readings then gave the change in hard- 
ness due to the applied load. Separate 
specimens were used for each loading, 
the loads increasing by increments of 
10,000 psi. 

Specifically, the problem was to de- 
termine the relation between the applied 
compressive load and the change in 
hardness for gray cast iron. To this 
end twelve specimens 1 by 1 by 3 in. 
were tested as described above. The 


applied load was increased by increments 
of 10,000 psi. 

In order to form some idea of the 
effect of the height of the specimen op 
the change in hardness, four additional 
series were run, using specimens 1, {} 
2, and 3-in. high, respectively. In these 
check tests, the applied load was jp. 
creased by increments of 20,000 psi. 

In Fig. 1 are plotted the data from the 
five series of tests, and a summary of 


TABLE I.—EFFECT OF COMPRESSION ON 
ROCKWELL OF GRAY 
CAST IRON. 


Applied Gum in Rockwell Hardness, B Scale 


Compressive 
Load, psi. sin. | 1in. 1} in. 2in. | 3in 
High High High High | Hig 


10 000 

20 000. ..... 2.84 

30 000.2... ‘ 

40 000...... 1.57 

50 000...... 

60 000 0.10 

70 000 

77 000.... 

$0 000......| —0.26 | —1.15 
90 000 17 —2.24 
100 000 —10.97 |—20.10 
110 000.... 
120 000...... 


Nore.—It is evident to anyone versed in statist 
method that conclusions from such small differen 
between two means must be drawn with extreme caut 
especially when dealing with a naturally variable materia 
The probabilities of all the above differences being duet 
pure chance (random errors of sampling) rather than t 
any constant factor have been computed and their sig 
nificance determined. However, due to the exigenc 
printing it was decided not to publish the results 
application of statistical method to these data 
author has all the supporting evidence and would be gla 
submit it to anyone interested. 


the data is shown in Table I. An it- 
spection of Fig. 1 shows that in the cast 
of the }-in. specimens increasing the 
applied load increases the hardness 
slightly up to a load of about 40,000 ps 
From 40,000 to 60,000 psi., the loi 
applied does not produce any significant 
increase in hardness over the origina 
value, but beyond 60,000 psi. the applied 
load actually produces a decrease ™ 
hardness, and the rate of softening 1! 
creases progressively as the 
fracture is approached. 

Figure 1 also shows that the only effect 
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() After 80,000-psi. compression. (f) After 100,000-psi. compression. 
Fic. 2.—Gray Cast Iron Polished and Unetched (X 350). : 
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of increasing the height of the specimen 
was to decrease the load at which final 
fracture took place. The general trend 
in all five series of tests is the same. 

It is one thing to establish a relation- 
ship or a trend and quite another matter 
to explain it. In a search for a plausible 
explanation of this apparent violation 
of the theories of strain hardening, it 
was first noticed that as the point of 
fracture was approached the surfaces of 
the specimen became dull and that after 
fracture, very small cracks could be 
observed on these faces. Accordingly, 
a 1 by 1 by }-in. specimen was polished 
for metallographic examination. This 
specimen was photographed in the un- 
etched condition at a magnification of 
350 after 0, 20,000, 40,000, 60,000, 
80,000 and 100,000 psi. loadings. (See 
Fig. 2.) The specimen was oriented on 
the microscope stage so that the same 
spot on the specimen was always in the 
field of view. 

By studying these photomicrographs, 


the progressive development of fine 
cracks can be observed. No marked 
- change can be observed until after the 
60,000 psi. loading when the develop- 
ment of the cracks is clearly visible. 
This is the point where the hardness after 
loading begins to fall below the original 
hardness before loading. From that 
point on, the development of the cracks 
_is very plain. 
_ From these observations it was con- 


cluded that the application of compres- 
sige loads greater in intensity than 
40,000 psi. produced intercrystalline 
fissures in gray cast iron, the size of the 
fissures increasing with the intensity of 
the compressive load. When tested in 
- the Rockwell hardness tester, using the 


B scale penetrator (;'g-in. ball), the 
penetrator would slip into one of these 
intercrystalline fissures and give a read- 
ing that would be interpreted as a de. 
crease in hardness. 

If this reasoning is sound, then read- 
ings made with the Brinell hardness 
tester should not show such a decrease jn 
hardness because of the larger penetrator 
(10-mm. ball) which would integrate 
over a larger area, possibly larger than 
any intercrystalline fissure. An attempt 
was made to check this conclusion, but 
the difficulties attendant upon obtaining 
a sufficient number of Brinell hardness 
readings to obtain a reliable mean value 
forced the abandonment of the attempt, 
for the time being. 

As a final warning, it must be em- 
phasized again that due to the variable 
nature of the material under investiga- 
tion, the generalizations and conclusions 
developed by this investigation can have 
only the most general application and 
interpretation. However, the author 
feels that, at least from the standpoint 
of students in the testing laboratory, his 
purpose has been accomplished, and 
any wider interest or application that 
may develop from this study is in the 
nature of an unearned increment. 


Acknowledgment: 

The author was fortunate to have the 
assistance of two of his students in this 
investigation. Harold Horwitz, senior 
in Civil Engineering, was responsible 
for the major portion of the routine 
hardness testing and computation and 
E. J. McMahon, senior in Chemical 
Engineering, did all of the metal- 
lographic and photographic work. 
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DISCUSSION 


Mr. Joun N. Kenyon! (presented in 
written form).—I believe that Mr. Peck 
has made a substantial contribution by 
calling attention to an apparent excep- 
tion to the commonly accepted theory 
of strain hardening, and by showing 
that the Rockwell hardness machine is 
a sensitive instrument for determining 
the progress of fissures in cast iron when 
stressed beyond a certain limiting value. 

Research usually develops interesting 
leads for further studies. It might 
therefore be advisable to carry the in- 
vestigation farther and extend it to cast 
irons, such as Meehanite, that consist 
largely of pearlite with finely dispersed 
free carbon. Perhaps the hardness im- 
pressions should be taken on a surface 
machined from the center of the test 
specimens in order to get away from the 
restraining effect at the load-bearing 
surfaces. 


—— 


' Instructor in Civil Engineering, Columbia University, 


New York, N. 


Mr. J. T. MacKenzie.2—This paper 
deals with only one specimen of cast 
iron, apparently of compressive strength 
a little over 100,000 psi., so it would be 
unwise to generalize from this one set of 
tests, interesting though it is. Cast 
irons of well over 200,000 psi. are 
regularly made and the point of damage 
on these would presumably be much 
higher than the 60,000 psi. given in 
the paper. 

Mr. Joun SAnrorpd Peck (author's 
closure by letter).’ Mr. MacKenzie’s re- 
marks are axiomatic and require no 
answer. In fact the author himself was 
most careful to emphasize the dangers of 
generalizing beyond the data. Mr. Ken- 
yon’s suggestions for further research 
were exactly the comments which the 
author hoped to obtain and if the time 
factor can only be satisfactorily adjusted, 
such research will continue. 


2 Chief Metallurgist, American Cast Iron Pipe Co., 
Birmingham, Ala. 

3 Assistant Professor of Civil Engineering, College of 
the City of New York. 
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YOUNG’S MODULUS OF ELASTICITY AND SOME RELATED 
_ PROPERTIES OF GRAPHITIC MATERIALS! 


By H. A. SCHWARTZ? AND C. H. JUNGE? 


SYNOPSIS 


Ingot ir 
S.AE. 


Young’s modulus of elasticity, density, resistivity and coercivity of a fairly 
extensive series of alloys comprising ingot iron, steel, graphitizable steel, 
white cast iron, malleable and pearlitic malleable cast iron, and gray cast iron 
were determined and correlated with chemical composition and heat treat- 
ment with special emphasis on the combined and graphitic carbon content. 
Consideration is given to the relative consistency of results of various evalua- mode 
° Meehan 
tions of Young’s modulus of elasticity. 
An extremely close correlation between density and modulus of elasticity Mollix 
_ is demonstrated, the correlation being closer than that of Young’s modulus 
and graphite content. A metallurgical explanation giving a new demonstra- 


Nickel . 
molyt 


tion of the relative solubility rate of graphite and cementite is offered. 


Only 


a loose correlation of combined and graphitic carbon and the electromagnetic 


properties is found to exist. 
geometric form of graphite. 


This paper represents a portion of a 
much larger study long in progress in the 
Research Department of the National 
Malleable and Steel Castings Co. which 
will it is hoped lead to a comprehensive 
and logical understanding of the physical 
and engineering properties of the cast 
graphite-bearing ferrous alloys. 

It is plain that in these grossly hetero- 
geneous mixtures, containing graphite 
and a ferrous alloy, an understanding of 
the effect of the inclusions in interrupt- 
ing the continuity of the metallic matrix 
is of primary importance. This effect 
can evidently best be observed with 


The data of this paper are contained in a thesis 
presented to Case School of Applied Science by Mr. Junge 
in partial fulfillment of the requirements for the degree of 
Master of Science in Metallurgical Engineering, June, 1941. 

Manager of Research, and Research Metallurgist, 
respectively, National Malleable and Steel Castings Co., 
Cleveland, Ohio. 


Some consideration is given to the effect of 


respect to properties not greatly affected 
by the composition of the matrix and 
greatly different for the matrix and 


graphite. Young’s modulus of elas 
ticity, but insignificantly affected by 
changes of composition and heat treat- 
ment, is evidently well suited to such an 
investigation and the density almost 
equally so. It will presently appear 
that in a restricted field of alloy types an 
unexpected intimate relation between 
these variables exists whose effect is the 
same whether the difference in density 
is due to graphite or voids. 
Resistivity and coercivity, which lend 
themselves readily to observation, wert 
included but were not found to fall 9 
well into a logical picture. This was not 
altogether unexpected in view of the 
unsatisfactory state of our knowledge 0! 
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d On Mopvutus oF ELASTICITY OF GRAPHITIC MATERIALS 


the systematic relation between chemi- MATERIALS 


cal composition, heat treatment, and The materials were selected to furnish 
resistivity of steels, or of the principles a comparatively complete coverage of the 


TABLE I.—CHEMICAL COMPOSITION AND HEAT TREATMENT. 


Composition, per cent 


Material Treatment 


Total Carbon 
Carbon - 


| Molybdenum 


| Graphitic 


Ingot iron . 2% hr. 700 C., air cooled 
AE. 1045 > 45 min. 825 C., furnace cooled 
SALE. 45 min. 825 C., water quench; 2 
hr. 650 C., air cooled 


Nickel - chromium - ‘ 

: \ 45 min. 825 C., furnace cooled 
molybdenum steel. 45 min. 825 C., water quench; 2 

hr. 650 C., air cooled 

Alloy cast iron......| No. None 


None 
Mechanite None 


Mallix }Interrupted malleable anneal { 


eee 

COs | 
tsi | Silicon 
Aang | 


NS 
oo 


1% hr. 840 C., oil quench; at | 
hr. 690 C., air cooled 

1% hr. 840 C., water spray; 6 
hr. 720 C., air cooled 
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Heat-treated malle- . 1% hr. 840 C., oil quench; 1% 
able iron ae hr. 690 C., air cooled 


a ° Same after interrupted mal- 
leable anneal 
1% hr. 840 C., oil quench; 1% 
hr. 690 C., air cooled 
45 min. 860 C., air cooled 
Commercial 3 day anneal inf 
Dressler kiln ) 
Dressler anneal; 45 min. 860 C.., 
air cooled; 3 days 700 C. 
Dressler anneal, HTM, then 
Dressler re-anneal 
Commercial Dressler anneal 
Malleable iron " Graphitized below A: point 


}Commercial Dressler anneal 


‘ . Prequenched from 825 C., then 
Dressler anneal 
: > Prequenched from 950 C., then 


wn 
vo} 
Oe 


aw 
Se 


Dressler anneal 
Commercial Dressler anneal 


None 
\% hr. 900 C., air cooled below 
650 C.; 1 hr. 760 C., cooled to 


J 540 C. in 5 hr., air cooled 
vo. Same, then Dressler anneal | 


hr. 900 C., air cooled below 
staphitizable steel. ‘ 650 C.; 1 hr. 760 C., cooled to 
540 C. in 5 hr., air cooled 


‘2 treatments as above 
}Spheroidizing anneal 


1 hr. 900 C., air cooled to 650 C.; 
1 hr. 760 C., furnace cooled 
to 650 C. 


White cast iron. . 


wn 


* Old-style bar. 


underlying the resistivity of heterogene- ferrous alloy field excluding the use of 
ous systems as an electrical problem. alloying elements almost entirely. They 


tls 
3 3 
Z 
0.75 | 0.30 | 1.75 i 
0.75 | 0.30 | 1.75 a 
... | 0.40 | 2.87 
No. 12 |} 
were eevee 
and cons | 
and | 2.56 | 0.02 | 1.04 
2.57 | 2.39 | 0.18 
elas- 2.52 | 2.52 | 0.00 | .. 
by 0. 27 2.50|.... | .... | 0.91 | 0.35] .... 
h an 2.64 | 2.64 | 0.00 
most No. 31 2.61 | 2.52 | 0.09 
No. 32 2.64 | 0.00 | 2.64 
pear | No. 33 1.46 | 0.89 | 0.57 1... 
PS al 
wee 1.42 0.20} .... 
1.40 0.48 | .. 
s the 1.44 .... 
1.45 mea 
nsity 1.42 0.14 
1.39 
1.03 
1.05 
len N 1.08 0.14]... 
were N 1.04 0.15 | .... 
s0 No. 1.03 0.39 0.15 | 
s not 
the 
ige ol 


include the purest commercially avail- 


able iron, a plain carbon and an alloy 
steel, a white cast iron, a fair number of 
partially and completely graphitized 
materials produced by various heat 
treating processes whose significance will 
be more apparent in the later discussion, 
a series of the relatively new graphitiz- 
able cast steels, and two types of rather 
high quality gray iron, one being a 
nickel alloy. We are indebted to the 
Fulton Foundry Co. of Cleveland and to 


the research laboratory of the Inter- 


national Nickle Co. for these gray irons. 
The materials are described as to chemi- 
cal composition and heat treatment in 
Table I. 


EXPERIMENTAL METHODS 


The determination of modulus of 
elasticity follows the familiar pattern of 
plotting a stress-strain curve and evalu- 
ating its slope. The specimens were 


0.505 in. in diameter with an 8-in. gage 


length. The ends were threaded for 


_ screwing into the conventional spherical 


seated specimen holders. The testing 
machine was a rather light manually 


_ operated Riehle machine originally of 


30,000-lb. capacity rebuilt in our labora- 
tory to decrease its capacity and increase 
its sensitivity in the ratioof 5to1. Care 
was taken in the reconstruction to main- 
tain the center of gravity of the beam 
system in proper relation to the central 
knife edge. The machine was cali- 
brated by dead loading and found to be 
in error by an amount less than is 
accurately measurable which is of the 
order of 1 lb., assuming the accuracy of 
the calibrating weights. These errors 
are disregarded in our subsequent con- 
siderations. Strain was measured by a 
Ewing extensometer whose scale was 
calibrated in terms of a single turn of 
the instrument’s micrometer screw. 
The pitch of that screw was compared 
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with that of an infrequently used Gaert. 
ner micrometer screw through the inter. 
vention of an Ames dial and no detecta- 
ble difference was found. Even if there 
should be unrecognized errors of calibra- 
tion they persist through the entire 
investigation and are of minor impor. 
tance since accurately comparative values 
are more important for our purposes than 
absolute precision. 

The stress-strain curves plotted from 
the observations were quite satisfac. 
torily smooth, departing from their trend 
lines by amounts readily accounted for 
by the degree of precision with which 
fractions of extensometer divisions could 
be interpolated. Their evaluation in 
terms of modulus of elasticity could be 
made in two ways. ‘The lines were, by 
inspection, all nearly straight up to 800 
psi. and the data up to this limit were 
used in computation. Up to 5000 psi. 
readings were taken at intervals of 250 
psi., then at intervals of 500 psi. to about 
20,000 to 30,000 psi., depending upon 
the material. No corrections for test- 
ing machine or extensometer errors was 
attempted. Either the slope of the best 
straight line representing the points as 
computed by least squares from the 
observational data can be taken to 
represent the modulus of elasticity 
throughout or the locus (computable by 
least squares) can be considered as 4 
quadratic function of stress whose first 
derivative when stress is zero represents 
the modulus of elasticity at the origin 
The fact that the coefficient of the square 
of stress is sometimes negative and the 
slope at the origin highly erratic and 
often of most unlikely value seems 
sufficient reason for discarding the latter 
method of evaluation; however, the data 
are retained for purposes of record. As 
a check we measured the slope of the 
line obtained by joining the ends of the 
very narrow, hysteresis loop obtained 
when varying the load between the 
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rt. limits 2000 psi. and 10,000 psi. which short intervals by which the real 
er- yields a value of modulus of elasticity temperature departed from 25 C. from 
ta- applicable, presumably, near 5000 psi. time to time was made. 

ere The specimens were baked 24 hr. at Resistivity was measured on the 
Ta- 230 C. to remove cold work before these Young’s modulus test specimens; a 
tire observations were made. Density was second strain relief might have been 
or determined by the Archimedean method desirable but was inadvertantly neg- 
ues lected. The measurements were made 
han TABLE I1.—PHYSICAL PROPERTIES. on a Leeds & Northrup Kelvin Bridge 

| Young's Modulus | | which was assumed correct without 
on of | further confirmation. Coercivity was 
fac- 22 |223)2%|5% determined for us by Thomas R. Graham 
end Aa and William W. Culbertson, Instructors 
10 |e 

for ——- in Metallurgy at Case School of Applied | 
rich ah Science to whom our thanks are due. 
Graham and Culbertson used a coerci- 
in b Ba meter, built at Case, of the type em- 
| be 3. . ployed by Clayton in his investigations © 
, by 0. 9... 7. at the Missouri School of Mines. We 
5000) are unfamiliar with any further details. 
were y The physical properties are summar- 
psi. 3 ized in Table IT. 

250 .. The total and graphitic carbon re- 
pout 7. corded in Table I were determined for 
pon us by G. M. Guiler in this laboratory, on 
test- sir. specimens consisting of solid pieces, not — 
was ~ chips. Duplicates on total carbon very 
best 3 rarely differed by 0.02 per cent and on- 
as graphite by 0.03 per cent; usually exact 
the 5|7. checks were obtained. It is a pleasure — 
1 to 1 to record our thanks for this cooperation. — 
icity When composition with respect 
le by ~ fy other elements is referred to, the infor- | 
as 4 4 mation is based on works analyses or 
hist specifications and the numerical data 
sents 7. have only a descriptive significance. No 
rigin important quantitative conclusions 
juare “131 based on such figures. 
1 the ..| 33.20) 30.: 
- and * Determined from slope of quadratic at origin; rejected. Discussion OF Data 
seems Most of our observations can best be 
latter correcting for the coefficient of ex- summarized by the usual statistical 
data pansion of water, but uncorrected to methods. 


. As vacuo. The density is ostensibly in 
f the grams per cubic centimeter at 25C., 
of the which is near laboratory temperature, 
ained but no correction for the coefficient of 
1 the thermal expansion of metal over the 


Our first step is a comparison of the 
two values of Young’s modulus of elas-— 
ticity, E, determined from the 
straight line, and EF, determined from 
the hysteresis loop. The correlation 


coefficient of the two moduli calculated 

from the data for all the specimens was 

found to be 0.952. The lines of regres- 
_ sion were found to be 


E, = 2.0568 + 0.9373 E,; and 
E, = — 0.8593 + 1.1062 E, 


The line of best fit (minimizing the 
residuals perpendicular to this line) is 


E, = 2.1350 + 0.9343 E, 


Throughout the discussion the unit of 
stress is 1,000,000 psi. From the above 
equation E, > E, if Ei, < 32 as it 
always is. 

In comparing carbon content and 
modulus of elasticity one is at first 
glance tempted to regard graphite as the 
cause and the modulus as the effect and 
also to consider that the graphite con- 
tent is the more accurately known vari- 
able. A line of regression of Young’s 
modulus on graphite is indicated. If 
one did not choose to disregard any ef- 
fect of combined carbon as a variable 
then a plane of regression of the modulus 
on the graphite - combined carbon plane 
may be computed. Taking the data 
for graphitic systems in which there has 
been no recombination of carbon under 
heat treatment and excluding gray iron— 
subjects to be referred to later—the 
plane of regression was found to be 


 E, = 29.8495 — 1.8019 G + 0.2265 C 


_ where G = graphite, and 
C = combined carbon in per cent. 
The contribution made to Young’s 
modulus by combined carbon is evi- 
dently small and on the verge of being 
problematical. The use of lines of re- 
gression thus seems justified, omitting 
combined carbon as a variable. The 
equations of these lines are found to be 


E, = 30.2034 — 1.9682 G, and 
G = 12.1771 — 0.3913 E, 
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The “line of best fit” has the equation 
E, = 30.9346 — 2.4354G 


and the correlation coefficient of G and 
E, is —0.888. The individual points 
fall well within the tolerances required 
for a homogeneous system. Be it noted, 
however, that an attempt to apply this 
equation to gray iron results in an 
average value of over 26 on three speci- 
mens where the observed value was but 
little over 19, thus indicating that the 
relationship is a function of the geo- 
metric form of the graphite. 

Similar calculations based on E, give 
the following equations: 


E, = 30.6489 — 2.0340 G — 0.2129 ¢ 
30.2798 — 1.8566 G 
15.2997 — 0.5017 
E, = 30.4474 — 1.9637G 


The correlation coefficient is —0.965 
showing that E, is somewhat more con- 
sistently related to graphite than is £,. 

Again using the data for the same 
materials and computing a relation of 
density and graphite we have the lines 
of regression 


= 7.7247 — 0.1798 G 


p 

G = 42.5513 — 5.5065p 
a line of best fit 

p = 7.7248 — 0.1799 G 


and a correlation coefficient of —0.995, 
and a plane of regression 


p = 7.7284 — 0.1811 G — 0.0039 C 


The application of the above equation 
to the three gray iron specimens gives 
an average calculated density of 7.3432 
as against an observed value of 7.2987. 
Although the discrepancy is not # 
glaring as in Young’s modulus of elas 
ticity, the individual readings fall far 
out of the permissible tolerance from 
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the line of regression and it is plain that the direction that flaky graphite is ap- 
the effect of graphite on density isquan- parently a less dense aggregate. 
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titatively different in gray iron than in Figures 1 and 2 show the observed 
materials aed temper carbon in values of the modulus of elasticity for 
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observed values of graphite content and 
density, respectively. The agreement 
with the calculated values may be judged 
by comparison with the lines of regres- 
sion and the “scatter bands” which are 
included in the figures. 

The densities of materials in which 
recombination of carbon has _ been 
brought about is far less than that ex- 
pressed by the above equations. Pass- 
ing through calculations based on specific 
volume, one may calculate the apparent 
densities of ferrite, graphite, and ce- 
mentite, reaching the values 7.7304, 
2.2082, and 7.3312, respectively. The 
data are in fair, although not precise, 
agreement with direct determinations. 
Considering the long extrapolation to 
the density of pure graphite and pure 
cementite, perhaps the agreement is all 
that can be expected. The fact that all 
the values are low may represent the 
difficulty in obtaining a perfectly sound 
specimen in cast form. 

Certain experiments, not here re- 
ported, demonstrated that when ferritic 
materials are heated to recombine car- 
bon a void is left, but not when pearlitic 
materials are so treated. Prompted by 
this the density data of ferritic alloys 
reheated to recombine carbon were 


densities of ferrite, graphite, and cemen- 
tite were those calculated from the pre-— 
ceding equations and that their reduced 
density represented voids produced by 
the solution of the recombined amount 
of graphite. The apparent density of 
graphite in materials when recombina- 
tion has occurred computed as before is 
1.57 as compared with a probable value 
of 2.2082. The graphite is thus ac- 
companied by a void whose volume is 
about 0.41 that of the graphite. This 
number is of course specific to the 
amount of carbon recombined which 
averages ().86 per cent in material whose 
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graphite averages 1.79. The ratio js 
0.48 as against 0.41 which agrees wel] 
with an assumption that the volume of 
void left by recombination of a given 
amount of carbon approximates the 
equivalent volume of graphite. We 
need follow this subject no further for 
the purpose of this paper. 

Having seen that close correlation 
exists between modulus of elasticity and 
graphite and between density and graph- 
ite, both in the absence of recombina- 
tion of graphitic to combined carbon, no 
formal demonstration is needed that 
modulus of elasticity and density are 
closely related. It is another matter to 
determine whether this correlation exists 
when this density is affected by voids. 
Calculation using all graphitic speci- 
mens except gray iron gives the follow- 
ing lines of regression: 


= 12.5436p — 66.3113 
p 0.071548 FE, + 5.5017 
E, = 13.8106p — 76.0059 


p = 0.059669 E, + 5.8347 


The correlation coefficients are 0.947 
and 0.908, respectively, and the two lines 


studied on the assumption that the of best fit: 


E;, = 13.9685 p — 76.8359 
E, = 16.7465 p — 97.6902 


All the observations fall into the toler- 
ance limits for a homogeneous system. 
It is apparent that density and modulus 
of elasticity remain closely related even 
when the former is affected by voids. 
The electromagnetic properties do not 
deserve much discussion. We have 
been unable to find in the literature any 
entirely satisfactory treatment of the 
resistivity of a heterogeneous system oF 
of the effect of alloying elements, & 
pecially in complicated systems, on the 
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resistivity of iron. Using Benedick’s® 
conclusions in the latter field to adjust 
all resistivities to the composition 1 per 
cent silicon, 0.4 per cent manganese it is 
possible to set up the equation 


R = 32.396 + 0.8577 G + 3.6285 C 


for the resistivity of our graphitized 
alloys excluding gray iron. Using Nor- 
bury’s* data on the effect of alloys on 
resistivity and the ideas advanced in 
“Science of Metals” by Jeffriesand Archer 
for the conductivity of a heterogeneous 
aggregate, one may calculate a plane of 
regression of the product of specific 
volume and specifie conductivity on 
graphite and carbon.’ For an alloy con- 
taining 1.0 per cent silicon and 0.35 
per cent manganese we obtain 


VA = 0.00448125 — 0.0000588 G — 
0.0008356 C 


where V and X are the specific volume 
and conductivity, respectively. Values 
of VA calculated from this equation for 
ferrite, cementite and graphite bear no 
reasonable relation to the constants so 
far as they are known. Obviously our 
basic knowledge is insufficient and the 
equation can have but empiric signifi- 
cance over a restricted range of com- 
position. 

In the evaluation of the coercivity 
data, the properties of similar ma- 
terials—malleable, pearlitic malleable, 
graphitizable steel, and steel—were aver- 
aged for each group and a plane of 
regression of coercivity on graphite and 
combined carbon computed as: 


F = 64506 — 1.7580 G + 8.8579 C 


Although the plane passed satisfac- 
torily near the four individual points, 
€xtrapolation to pure iron yields an 
entirely impossible result. Also there is 


*H. E. Cleaves and J. G. Thompson, ‘The Metal- 


NY. act McGraw-Hill Book Co., Inc., New York, 
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a considerable scatter in the coercivity 
of the materials in a single group due 
perhaps to the effect of grain size. The 
equation is offered as empirical only. 


CONCLUSIONS 


1. Young’s modulus of elasticity may 
be satisfactorily measured either by 
fitting the best straight line to a stress- 
strain diagram or by observing the 
stress-strain relation on repeated loading 
and unloading between the limits 2000 
psi. and 10,000 psi. 

2. The latter method is perhaps prefer- 
able both on account of ease of execu- 
tion and consistency of result. 

3. The results by the latter method 
will be consistently somewhat greater 
than by the former. 

4. In the absence of recombination 
of graphite in the heat treating process, 
modulus of elasticity for materials having 
all their graphite as temper carbon, and 
graphite content are linearly related. 

5. In all materials containing only the 
temper carbon form of graphite, modulus 
of elasticity and density have a close 
linear relationship. 

6. Graphite in the flaky form decreases 
modulus of elasticity much more than 
an equal amount of temper carbon. 

7. These principles may perhaps form 
the basis for quantitatively expressing 
graphite form. 

8. The re-solution of carbon from 
cementite is enormously faster than from 
graphite. 

9. Empirical equations are given cor- 
relating resistivity and coercivity with 


carbon content which probably have. 


little theoretical significance. 

10. When graphite exists only as temper 
carbon, that is, when the metallic matrix 
is interrupted only by approximately 
spherical voids and/or inclusions, modu- 
lus of elasticity is directly proportional 
to the amount of metallic phase in a 
unit volume. 
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such details has not been taken. 
elastic constants are to be accurately 


Mr. H. F. Moore.'—This is an 
unusual paper in that the authors, in 
making determinations of modulus of 
elasticity, have taken care to use speci- 
mens with relatively long gage lengths 
carefully measured, to use a carefully 


calibrated strainometer, and a carefully 


calibrated testing machine. They have 
then used statistical methods in deter- 
mining the value of modulus of elasticity 
A good many values 
of modulus of elasticity have been 
reported (some of them, I fear by 
myself) in which sufficient care about 
If 


determined, methods like those described 
in this paper, or others involving as 
great care and sensitivity, are necessary. 

Mr. J. S. Vanick.2—The authors 
point out that cast irons with flake 
graphite do not regiment themselves 
into these diagrams. We would prob- 
ably be disappointed if they did, because 
of the extreme importance of flake 
distribution as well as graphite quantity 
in the case of gray cast iron. Coming 
back to the malleable type of iron, 
the authors seem to suggest the possi- 
bility that even when the graphite was 
in a nodular form, if it had been formed 
at a higher temperature, the product 
might be less dense and therefore lower 
in elastic modulus. I should like to 
have them confirm or restate the point 
as to whether the higher temperature 

1 Professor of Engineering Materials, University of 


Illinois, Urbana, Ill 


2 Metallurgist, The International Nickel Co., Inc., 
Bayonne, N. J 


anneal of malleable, would lead to that 
kind of result. 

Messrs. H. A. SCHWARTz® ANp C. H. 
Junce*® (authors’ closure, by letter) 
The authors are very appreciative of 
Mr. Moore’s words of commendation 
in regard to their paper. 

We had not intended to suggest what 
Mr. Vanick apparently understood us 
to say, namely, that there was any 
difference between the effect of a given 
amount of graphite formed at high and 
at low temperatures. The point which 
we were making and which has appar- 
ently not been clear is that the density 
and Young’s modulus of a material 
produced from completely graphitized 
malleable iron by reheating above the 
critical point are lower than these same 
properties of a material in which the 
combined carbon has not been reformed 
from preexisting graphite but remains 
as the result of an incomplete graphitiza- 
tion. The same composition with re- 
spect to graphite and combined carbon 
is assumed in both cases. 

We have said furthermore that if 4 
material produced by an arrested anneal 
is reheated above the critical point and 
again cooled at a rate appropriate for 
the preservation of the correct propor- 
tions of graphitic and combined carbon, 
then the density and modulus of elas 
ticity will return to the value which 
they had before the reheat treatment was 
undertaken. 


3 Manager of Research, and Research Metallurgi 
respectively, National Malleable and Steel = 
Cleveland, O 
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THE TENSILE PROPERTIES OF SOME COPPER ALLOYS 


By Cyrit STANLEY SmiTH' AND R. W. Van WAGNER? 


SYNOPSIS 


Tension tests were performed on copper and twelve copper alloys in the form 
of commercially fabricated rods, using an extensometer sensitive to 0.0001 per 


cent. 


Typical stress-strain curves are reproduced, together with curves show- 


ing offset and permanent set on a large scale, both before and after over-strain- 


ing in tension. 


Over-strain decreases the stress first producing measurable 


ofiset in annealed alloys, but increases the stress needed to produce an equiva- 


lent set. 


Heat-treated beryllium copper follows Hooke’s law to nearly 100,000 


psi. if appropriate corrections for true stress and strain are made. 


In 1940 one of the authors described? 
a technique permitting stress and strain 
measurements to be obtained with high 
accuracy, and gave the results of some 
tests on a special material. The present 
paper records the results of some tests 
of equal sensitivity made on samples of 
commercially-produced copper alloys. 

All the materials tested were in the 
form of #-in. diameter rods, fabricated 
in one of the three Naugatuck Valley 
mills of the American Brass Co. In 
each case they were produced by normal 
manufacturing procedure, to meet cer- 
tain commercial specifications. Usually, 
the temper of the rods was that known 
commercially as “hard.” The actual 
teady-to-finish grain sizes and the 
amounts of final reduction by drawing 
are listed, with analyses, in Table I. 
The tension tests were made on threaded- 
end specimens of 0.505-in. diameter in 
the gage length. It is obvious that the 


' Research h Metallur ist, and Laboratory Assistant, re- 
erican Brass Co., Waterbury, 


Smith, “Proportional Limit Tests on Co r 
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properties of the specimen will be some- 
what different from those of the full 
section of the rod; also, that the tests 
do not represent other tempers or other 


‘sizes of the alloys concerned. Addi- 


tional samples of the hard rod were 
annealed in the laboratory and tested 


in this condition. 


METHOD OF TEST 


The method of gripping the test 
specimens to obtain axial loading, the 
extensometer (sensitive to 0.0001 per 
cent on a 2-in. gage length), and other 
details are given in an earlier paper. 
Most tests were made at a temperature 
of 32 + 0.1 C. in a thermostatically 


controlled box. Usually, stress and 
strain readings were taken up to 0.5 
per cent total strain (the customary - 
yield point for copper alloys), then the 
load was released and reapplied to 
fracture, extensometer readings being 
taken to about 1 per cent strain. 

In the permanent set tests, the load 
was applied quickly, held 5 sec., and 
released quickly. Substantially adia- 
batic conditions were thereby obtained 
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and thermal changes at zero stress were 
small enough to be dissipated in the two 
minutes allowed before reading the 
extensometer. Successive applications 
of increasing loads were made until a 
_ permanent set of 0.100 per cent had been 
obtained. The specimen was realigned 
in the holders, allowed to rest about 3 
hr. without stress, and then again 
stressed. The effect of prior tensile 
strain was thus determined on the 


larger scale. These tests relate to virgin 
drawn material as received or after 
annealing. In addition, curves 2B show 
offset for the same specimen after 
stressing to 0.5 per cent total strain and 
release as in curve 1, and curves 4p 
show the permanent set on restressing 
after straining to 0.1 per cent set jin 
obtaining curves 3 and 4A. Curves 
2A, 2B, 4A, and 4B are plotted to a 
scale 25 times that of curves 1 and 3 in 


TABLE I.—COMPOSITION AND TREATMENT OF MATERIAL TESTED. 


Ready- Composition, per cent 


to- Final 
Finish Grain 
Grain Size® 
Size 


Material 
Other Elements 


| Nickel 


2956 | Tough pitch copper... 
2957 Oxygen free copper. . 


2948 85-15 brass 
3032 | 65-35 brass 
3026 Tobin bronze 


0.060 
0.070 
0.125 


0.070 
0.032 


0.040 
0.070 
0.090 


0.075 
0.135 


3s 


O 0.043, S$ 0.002 
S 0.002 

0.050 
0.135 
0.030 


228 


2952 Phosphor bronze A... 
2950 Phosphor bronze C. . 
2951 Phosphor bronze D.. 


3421 Cupronickel 
3420 


0.025 
0.110 
0.120 


0.030 
0.060 


2901 Everdur 1010 ..| 0.045 
2955 Everdur 1015 (H).....| 0.14 
2954 Everdur 1015 (XH)...| 0.40 


0.060 
0.060 


0.130 
0.140 


...|Mn 0.95, $i 2.81 
-..|Mn 0.30, Si 1.48 
0.40, Si 1.49 


TABLE Il. 


02 
01 
02 
07 
08 
-10 
-09 
04 


3060 Chromium copper 


| 
2992 Beryllium copper (H).| 0.075 ee 
2993 Beryllium copper (A) Fae 0.055 


Si 0.08, Cr 0.9% 


...| Be 2.16 
.| Be 2.20 


@ Annealed samples only. 


stresses producing stated permanent 
set or offsets, that is, on the “elastic 
limit” and “proportional limit.” 


RESULTS 


The results are tabulated in Tables 
I and II and summarized graphically in 
Figs. 1 to 16 and 18 to 29. These 
figures show for each alloy: (1) a stress- 
strain loop up to 0.5 per cent extension 
and release of load, (2A) a part of the 
same data plotted as offset or deviation 
from the initial modulus on a large 
scale, (3) permanent set, and (4A) the 

same permanent set data plotted on a 


order to utilize the full sensitivity of the 
extensometer employed. The figures 
recorded in Table II are generally based 
on two determinations and may not 
exactly agree with the particular curves 
shown. There are no permanent set 
curves for the annealed materials. 


DISCUSSION 


All the annealed alloys have stress 
strain curves that are initially straight 
followed by a_ well-defined breaking 
away from proportionality. In some 
cases they have a definite “drop-of-the 
beam” yield point (Figs. 7 and 10), 
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although the decrease in load is never length. The stress producing 0.0002 
as great as with mild steel. The cold- per cent offset is frequently far below 
worked alloys invariably show no sharp the usual yield strength, sometimes 
break in the curve and the point of below the stresses at which the alloys 


Key to numbers of individual curves in Figs. 1 to 15 and 18 to 24. 

Curve 1—Stress-strain curve up to 0.5 per cent extension and release of load. Small scale. 

Curve 2A—First part of ¢xta of curve 1, plotted as offset from assumed modulus. Large scale, 

Curve 2B—Offset from assumed modulus, specimen restressed after prestraining as in curve 1. 

Curve 3—Permanent set produced by application of progressively increasing loads. Small scale, 

Curve 4A—Permanent set data of curve 3, replotted on large scale. 

Curve 4B—Permanent set obtained on second test after previous straining to 0.1 per cent set for 

curve 3. 

Note.—In the offset curves, 2A and 2B, the proportionality range is straight but not necessarily 

vertical unless the assumed modulus was the actual one indicated. 
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Fic. 1.—Stress-Strain Behavior of Tough Pitch Copper (2956, Cold Drawn). 
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Oo Fic. 2.—Stress-Strain Behavior of Annealed Copper. 


departure from proportionality is some- are regularly and safely being used in 
times hard to determine. Within the service. A comparison of two classes 
accuracy of measurement, however, there of high-strength materials, the 
is invariably a straight portion of bronzes and silicon bronzes, discloses 
measurable, sometimes considerable, great differences in stress-strain be- 
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Fic. 3.—Stress-Strain Behavior of Oxygen-Free Copper (2957, Cold Drawn). 
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although the decrease in load is never 
as great as with mild steel. The cold- 
worked alloys invariably show no sharp 
break in the curve and the point of 


4 


length. The stress producing 0.0002 
per cent offset is frequently far below 
the usual yield strength, sometimes 
below the stresses at which the alloys 


Key to numbers of individual curves in Figs. 1 to 15 and 18 to 24. 

Curve 1—Stress-strain curve up to 0.5 per cent extension and release of load. Small scale. 

Curve 2A—First part of data of curve 1, plotted as offset from assumed modulus. Large scale, 

Curve 2B—Offset from assumed modulus, specimen restressed after prestraining as in curve 1, 

Curve 3—Permanent set produced by application of progressively increasing loads. Small scale, 

Curve 4A—Permanent set data of curve 3, replotted on large scale. 

Curve a set obtained on second test after previous straining to 0.1 per cent set for 

curve 3. 

Note.—In the offset curves, 2A and 2B, the proportionality range is straight but not necessarily 

vertical unless the assumed modulus was the actual one indicated. 
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Fic. 2.—Stress-Strain Behavior of Annealed Copper. 


are regularly and safely being used m 
service. A comparison of two classes 
of high-strength materials, the 
bronzes and silicon bronzes, discloses 
great differences in stress-strain be 


departure from proportionality is some- 
times hard to determine. Within the 
accuracy of measurement, however, there 
is invariably a straight portion of 
measurable, sometimes considerable, 
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The cold-drawn 10 per cent 
phosphor bronze D (Fig. 13) follows 
Hooke’s law up to nearly 40,000 psi., 
while Everdur (Fig. 18) has a low pro- 
portional limit and a stress-strain curve 


that is straight only up to 14,000 psi. 


tion from proportionality is irrelevant to 
service, and, except in the case of elastic 
measuring members, is of no particular 
disadvantage. Indeed, Gillett? ang 
others have suggested that some degree 
of disproportionality is a desirable facto; 
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Fic. 6.—Stress-Strain Behavior of 65-35 Brass (3032, Cold Drawn). 
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Fic. 7.—Stress-Strain Behavior of Annealed 65-35 Brass. : 


These two materials, however, have 
roughly equal values for yield strength 
(0.5 per cent), tensile strength, and 
endurance limit. The stresses producing 
0.002 per cent permanent set are also 
not much different, though lesser sets 
vary greatly. It is obvious that devia- 


in permitting redistribution of stress 
in service. 

With most alloys in the cold-draw 
condition, the stress producing BS 


3H. W. Gillett, “The Limited Significance of the Duc 
tility Features of the Tension Test,’ Proceedings, Am. Se. 
Testing Mats., Vol. 40, p. 551 (1940). 
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Fic. 9.—Stress-Strain Behavior of Phosphor Bronze A (2952, Cold Drawn). _ 
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Fic. 10.—Stress-Strain Behavior of Annealed Phosphor Bronze A. 
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Fic. 11.—Stress-Strain Behavior of Phosphor Bronze C, (2950, Cold Drawn). 
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Fis, 13.—Stress-Strain Behavior of Phosphor Bronze D, (2951, Cold Drawn and Relief Annealed). 


833 
é 
100 4 — -— 
Fic 
A 
80000 
“10000 
60000 | 
wis |p § $48 
| 2A é 
20000 
= | P 
tt | 
cf ° Y 
q 


AND VAN WAGNER 


' 


/ 


nN 
Oo 


Stress, psi. 


oO 


l 
1 0.004% 
Strain, percent 


0.1% > 


Fic. 14.—Stress-Strain Behavior of Annealed Phosphor Bronze D. 


Stress, psi 


O/% 0.004% le 
Strain, percent both 
. 15.—Stress-Strain Behavior of Cupronickel (3421) in Cold Drawn Condition and After Reli¢ 13) 
Annealing at 450 C. lower 
sion j 
é to 


| 30000 detectab 
that for 
] f explain, 
70000 
60000 
& | 
Relief 
Drawn 
Wig 
wl| 
10000 $——24 4 |g—}-24 


| a On TENSILE PROPERTIES OF SOME COPPER ALLOYS 835 


detectable permanent set is greater than 
that for an equivalent offset, sometimes 
much greater as in the case of Everdur 
Fig. 18). It is a curious fact, hard to 
aplain, that phosphor bronze D and 
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Prestraining tends slightly to increase 
the proportionality range of commer- 
cially drawn materials, though the high 
zinc alloys are exceptions. This effect 
is probably associated with the par- 
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Fic. 16.—Curves Showing Ambrac (3420) Stressed In Various Conditions. 


both varieties of copper (Figs. 1, 3, and 
13) show permanent set at a stress 
lower than that which will produce 
measurable offset. Prestraining in ten- 
sion invariably raises the stresses needed 
to Produce a specified set. 


ticular distribution of residual stresses 
in the cold-drawn rods and would vary 
greatly with manufacturing variables, 
particularly the final straightening oper- 
ation. 

Prestraining the annealed alloys al- 
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ways results in a marked decrease of the 
stress corresponding to 0.0002 per cent 
offset. Contrariwise, both varieties of 
copper have their proportionality range 
definitely increased by prestressing. 
Different alloys differ greatly in their 
behavior. Thus, while in annealed brass 
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occur in the region of very smj 
strains. 

The effect of heat treatment on th 
properties of Ambrac (a copper-nickel. 
zinc alloy) is shown in Fig. 17. Th 
stress corresponding to 0.0002 per cent 
offset is increased by heating at temper. 
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Fic. 17.—Effect of Annealing on the Tensile Properties of Ambrac (3420, Cold Drawn). Annes 
were for 2 hr. at temperatures shown. 


and Everdur the 0.0002 per cent offset 
stress is halved by prestraining, in the 
tin bronzes the decrease is only about 
ten per cent. The reason for this be- 
havior is obscure. Internal friction 
measurements‘ show that related effects 


4W. Késter and K. Rosenthal, “Die Anderung von 

Elastizitatsmodul und Daimpfung bei der Verformung und 

Rekristallisation von Messing,” Zeitschrift fur Metall- 
kunde, Vol. 30, Pp. 345-348 (1938). 

Read, ‘Internal Friction of Single Crystals of 

Copper and Zinc,” Technical Publication No. 1309, Am. 

Inst. Mining and ‘Metallurgical Engrs. (1941). 


tures up to 600 C. while the convet- 
tionally determined yield strength has 
fallen off at 400 C. Similar effects wert 
shown by Jones, Pfeil, and Griffith 
for related copper-nickel alloys. The 
effect is well known and occurs with mos 
metallic materials. 

Figure 16 shows permanent set att 


5D. G. Jones, L. B. Pfeil, and W. T. Griffiths, 7 
Copper Alloys of High Elastic Limit,” Jou 


Vol. 46, pp. 423-440 (1931). 
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Fic. 21.—Stress-Strain Behavior of Everdur 1015 (2955, Cold Drawn). 
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deviation curves for this alloy stressed in 
various conditions, namely, (A) as 
drawn, (B) as A after straining to 0.10 
per cent set, (C) after annealing at 
450 C., (D) after annealing and applying 
a slight over-strain, (£) after straining 
in tension and then annealing, and (F) 
as E after stretching to 0.10 per cent 
set. A comparison between Fig. 16 (a) 
and (b) shows that permanent set and 
offset are quite different in the hard 
drawn and stretched conditions, but are 
approximately the same after relief 


50000 


ment is wr Moreover, i it is obvious 
from Fig. 16 curve C that subsequent 
over-strain ruins the elastic properties of 
relief annealed material. Elastic meas. 
uring members should be so designed 
that testing overloads or service stresses 
never exceed the initial elastic limit. 


BERYLLIUM COPPER 


Beryllium copper is so outstanding in 
its characteristics as to merit special 
discussion. Figure 25 shows stress. 
strain curves in five different conditions 
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Fic. 24.—Stress-Strain Behavior of Chromium Copper (3960 AT, Quenched and Heat Treated 


annealing. It will be noticed that 
straining in tension followed by a relief 
anneal gives the highest range of elas- 
ticity in tension. This effect is probably 
a result of redistribution and partial 
retention of appropriately oriented mi- 
crostresses. It suggests that instrument 
springs, Bourdon tubes, and other elastic 
measuring members, which are usually 
given a low-temperature anneal in the 
fabricated condition, would better be 
given a small over-strain by the applica- 
tion of stress in the direction of service 
stresses before the stabilizing heat treat- 


and Fig. 26 the corresponding devit- 
tion curves for four of these. Figure 2/ 
shows permanent set of the alloy after 
the various treatments. In the quenched 
or quenched-and-cold-drawn condition 
beryllium copper is slightly superior to 
the 10 per cent tin bronze. After pre 
cipitation heat treatment, its elastic 
properties are enormously improved. 
This alloy illustrates well the im 
portance of the corrections for true stres 
and true strain (that is, change of 
dimensions of the specimen under load) 


| 
q 840 SMITH AND VAN WAGNER a 
| calcul 
| | Fig. 2 
perim 
modul 
propri 
J 
| 
4 SP 
| 
4 
and 
the « 
> strain 
ture 
Dis 
Am. 


4 TENSILE PROPERTIES OF SOME ALLOYS 841 


calculated by Anderson.’ In curve 3, 
Fig. 26, are shown the uncorrected ex- 
perimental deviations from an initial 
modulus line; curve a shows the ap- 
propriate corrections for true strain 
based on Poisson’s ratio (u) = 0.35 
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is appreciable at stresses as low as 
30,000 psi., but the point of departure 
from Hooke’s law in terms of true stress 
and true strain is at about 100,000 psi. 
Obviously, the latter has some real 
significance whereas the “proportional 
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Fic. 25.—Stress-Strain Curves of Beryllium-Copper in Various Conditions. . 


and E = 18,400,000 psi.; curve ¢ shows 
the data of curve 6 corrected for true 
strain (that is b minus a). The curva- 
ture of the uncorrected deviation curve 


opi ussion by A. R. Anderson of paper by C. S. Smith 


rtional Limit Tests on Copper Alloys,” Proceedings 
Am Soe. Testing Mats., Vol. 40, p. 877 (1940). 


limit” as normally obtained is nothing 
more than a mathematical function of 
E and yp and bears no relation whatever 
to the other properties of the alloy. 
Two series of stress-strain loops, made 
with a Ewing extensometer sensitive to 
0.001 per cent, are shown in Figs. 28 
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and 29. The curves show successive 
readings on specimens—quenched and 
heat treated in Fig. 29; quenched, cold 
drawn and heat treated in Fig. 28— 
taken to 0.2 per cent offset, then the 
stress released, reapplied to the same 
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nearly equivalent, even in the realm of 
small strains. The alloy, moreover 
seems to be immune from elastic damage 
by overstrain. Curves not reproduced 
here show that measurable departure 
from true proportionality occurs at 
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Fic. 26.—Curves Showing Deviation from Proportionality in Beryllium-Copper in 
Various Conditions. 


- @ = correction for true stress and strain (E = 18.4 X 108 psi, w = 0.35). : 
_ 6 = uncorrected deviation from E = 18.37 X 108 psi. for quenched, cold drawn and heat treated beryllium copper. 
_¢ = data of curve b corrected for true stress and true strain. 

d = corrected deviation curve for quenched and heat-treated, beryllium copper. 

e = corrected deviation curve for quenched and cold drawn beryllium copper, without heat treatment. 


value, released, and again applied to 
produce a new 0.2 per cent offset and 
once more released. The fact that the 
return curve is nearly parallel to the 
ascending modulus and that reapplica- 
tion of the same stress gave a narrow 
closed loop confirms the observation of 
 *F igs. 26 and 27, that offset and set are 


f = deviation curve for beryllium copper in quenched condition. 


95,000 to 100,000 psi. with the cold- 
drawn and heat-treated material either 
initially or after prestraining. If ths 
stress is not exceeded, the ascending ant 
descending parts of the curve are supé- 
imposed while if this stress is exceeded, 
a closed loop of measurable width 5 
formed, though there is no permanetl 
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Fic. 27.—Permanent Set for Beryllium Copper After Various Treatments. 
4A = tests on virgin materials. 
4B = tests on material prestrained to 0.1 per cent permanent set. 
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Electrolytic copper 


46 000 
0.F-H.C. copper 


0.229 
0.232 


0.160 
0.273 


0.212 
0.222 


0.109 
0.224 


44 300 
45 000 


57 500 
29 600 


43 700 
44 600 
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29 300 
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46 800 


58 700 
31 400 
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0.412 
0.306 


57800 | 0.443 
61700 | 0.510 
79 900 0.674 


0.600 
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0.398 


1.025 - 
0.870 


Phosphor bronze A... 
Phosphor bronze C.............. 
Phosphor bronze D 


0.141 
0.094 
0.030 


0.121 
0.077 
0.019 


0.012 
0.082 
0.137 


0.000 
0.006 


0.277 
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63 000 
69 400 
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72 600 
55 000 
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60 900 
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_ alloys in hard condition unless otherwise noted. 
** composition and other properties of alloys, see Tables I and II. 
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Fic. 28.—Stress-Strain Behavior of Beryllium Copper (Quenched, Cold Drawn and Heat 


Treated). 
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Fic. 29.—Stress-Strain Behavior of Beryllium Copper (Quenched and Heat Treated). 
cycles of stress applied to same specimen. 
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set up to about 160,000 psi. in the once 
strained material. 


YrLD STRENGTH MEASUREMENTS IN 
CopPpER ALLOYS 


It is customary in the copper industry 
to use a yield strength defined as the 
stress producing a total strain of 0.5 
per cent. This is very satisfactory for 
acceptance testing (except possibly 
in the case of high-strength alloys) but 
it is unsuited for a comparison of the 
load-bearing behavior of materials of 
different moduli and yield strengths. 
Table III shows the offset and permanent 
set that results from stressing some 
copper alloys to the 0.5 per cent yield 
strength, and includes also a number of 
other possible criteria of plastic damage. 
The 0.5 per cent yield strength bears no 
direct relation to any index of plastic 
deformation, since there is an amount of 
elastic deformation that varies with the 
modulus and the applied stress. While 
for soft annealed materials the elastic 
contribution to strain is small, for hard 
phosphor bronze the elastic deformation 
is more than half the total, and in 
beryllium copper the entire specified 
0.5 per cent extension can be produced 
elastically, 
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2. 

The value of the convenient single- 
strain method for specification testing 
is not questioned. The 0.5 per cent 
yield strength is, however, unsuited as 
a criterion on which to base possible 
service stresses for different materials, 
since it is not related to plastic damage. 
A more logical basis for establishing 
unit design stresses and for comparing 
the stress-resisting capacity of different 
materials would seem to be the stress 
producing some stated value of per- 
manent set. 

The engineer might be cautioned re- 
garding the significance of the precise 
tests reported herewith. Slight de- 
parture from Hooke’s law is without 
practical significance and without rela- 
tion to possible service stresses. Small 
offsets are rarely accompanied by equiva- 
lent permanent sets. In another paper 
to be presented at the present meeting of 
the Society’ the fatigue properties of a 
number of copper alloys are reported and 
it can be seen that these bear no con- 
sistent relation to offset or any other 
statically determined point. 


7A. R. Anderson and C. S. Smith, “Fatigue Tests on 


Some Copper Alloys,”’ see p. 849. 
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DISCUSSION 


Mr. J. R. FREEMAN, JR.! (presented 
in written form).—The primary purpose 


of the work presented in this paper and 
the previous one published last year? 
is to make available to engineers reliable 
data on the true elastic properties of 
copper alloys suitable for design pur- 
poses. I think the authors deserve 
great credit for the development of the 
exceedingly precise test methods used 
and the carrying through of the very 
painstaking and time-consuming test 
program necessary to obtain the detailed 
data presented. It is hoped that the 
test program may be continued to ob- 
tain data on the same alloys at different 
tempers and other copper-base alloys 


of engineering interest. 


A.S.T.M., commercial, and Government 


I should like to direct particular at- 
tention to the discussion of yield point 
measurements in the latter part of the 
paper. The yield strength value, de- 
fined as the stress producing a total 
strain of 0.5 per cent under load, has 
become the standard method adopted 
by the copper alloy industry for specifica- 
tion purposes. It is used as the basis 
for defining the temper or degree of cold 
work in an alloy in practically all 


specifications. It has proved to be 
entirely satisfactory for the purpose of 
acceptance testing, with the exception of 
a few very special cases where the alloy 
has exceptionally high elastic strength. 

The data presented in the paper con- 
firm what is well known, namely, that 


© 1 Technical Manager, American Brass Co., Waterbury, 
onn. 
2 Cyril Stanley Smith, ‘‘Proportional Limit Tests on 
Coppa Alloys,” Eroceedings, m. Soc. Testing Mats., 
40, p. 864 (1940). 


the 0.5 per cent yield strength value 
bears no direct relation to permissible 
design stress. The recommendation has 
therefore been made by some engineers 
and specification writers that a definite 
permanent set or offset value should be 
used in commercial acceptance testing, 
such as the 0.2 per cent offset value used 
for aluminum alloys. I would call at- 
tention to the comparison of stress values 
given in Table III for yield strength at 
0.5 per cent strain, and stress at 0.2 per 
cent offset. It will be noted that for all 
the alloys tested the latter stress is ap- 
proximately the same as the former, or 
appreciably greater, the increase in stress 
value being more marked for the stronger 
alloys. Further, even the 0.2 per cent 
offset value does not give an exact basis 
for design stresses (which are properly 
based on values for permanent set) as is 
evident on comparing the stress values 
for a given offset in Table III with values 
for permanent set given for the same 
alloys in Table II. 

The design engineer, therefore, must 
use empirical values for factors of safety 
if he uses either the 0.5 per cent straif, 
the 0.2 per cent offset or, in fact, any 
offset value. His most reliable criterion 
is permanent set. The determination 
of the stress required to produce a stated 
permanent set in a test specimen Is 4 
lengthy and relatively costly procedure 
that cannot be used in the routine testing 
laboratory for acceptance testing. The 
determination of a definite offset value 
requires the plotting and drawing of 4 
stress-strain curve or use of special 
automatic curve-drawing equipment not 
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available in many laboratories. It is 
definitely more time consuming than the 
method of determining 0.5 per cent strain 
under load. This latter method is 
quick, inexpensive and has proved reli- 
able for many years in general acceptance 
testing. Once the stress value for a 
given permanent set has been established 
for a material with known temper or 
properties as defined by the yield 
strength for 0.5 per cent strain under 
load, other lots of the same material 
produced by the same standard prac- 
tices will show the same stress value for 
a given permanent set. The continued 
use of the 0.5 per cent strain under load 
value for acceptance testing is there- 
fore fully justified. 

Mr. Cyrit STANLEY SmitH® (author’s 
closure, by letter)—Mr. Freeman’s dis- 
cussion on the significance of yield 
strength in relation to acceptance testing 
and design is most welcome. ‘Too many 


engineers confuse the divergent require- 
ments of research testing for the purpose 


of establishing design stresses with those 
of routine testing for the purpose of 
finding whether a new batch of material 
isas good as the previous lot. It seems 
to me that once the fundamental dif- 
ference between these two types of test 
is realized the problem of obtaining satis- 
factory acceptance tests is considerably 
simplified. Tests such as those de- 
scribed in the present paper are necessary 
for an understanding of the behavior of 
4 material under stress, but they are not 
necessary for acceptance tests. No one 
would think of redesigning a piece of 
equipment to utilize the exact strength 
of each particular bar of metal, and an 
acceptance test does not need to provide 
such a figure. It seems to me that an 
acceptance yield strength should be de- 
fined as the stress that produces a plastic 
strain that is easily measurable but not 


b * Research Metallurgist, American Brass Co., Water- 
ury, Conn. 
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too high, and, while this strain must ob- 
viously be the same for successive 
batches of a particular material or 
temper, it is immaterial whether it is the 
same for all materials or not. For this 
reason I agree fully with Mr. Freeman 
that the present yield strength cor- 
responding to 0.5 per cent total elonga- 
tion is adequate for specification testing 
of most copper alloys. I would, how- 
ever, limit its use to the determination 
of yield strengths that do not exceed 
60,000 psi., for at that point (with ma- 
terial having a modulus of 15 million 
psi.) the offset becomes 0.1 per cent, and 
under present conditions of commercial 
testing this is about as small a plastic 
deformation as can be measured with 
the desired accuracy. For stresses 
above this point, I would suggest that a 
strain of 0.75 per cent be employed, up 
to the stress where this, too, ceases to cor- 
respond to more than 0.1 per cent offset 
(97,500 psi.), when the strain would 
again be changed to 1.0 percent. In 
this manner the plastic strain involved 
would always be at least 0.1 per cent and 
would never be over 0.6 per cent for any 
material as long as the modulus falls 
within the range 15 to 20 million psi., 
which includes the majority of the 
copper alloys. This system has the 
great advantage that it involves no 
change for alloys with yield strengths 
below 60,000 psi., and above this it 
continues to employ the advantages of 
the present system. The appropriate 
strain is the same for all copper alloys 
of a given yield strength and is at once 
apparent from the stress figure. Being" 
a round number, it is easily read on the 
extensometer. The present mass of 
experience data continues to be of value, 
for the majority of alloys will still be 
tested at 0.5 per cent extension. 

It has been proposed as a modification 
of the 0.2 per cent offset yield strength 
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to find the stress that produces a total 
strain equivalent to the minimum 0.2 


Finally, I wish to repeat that it must 
be realized that the yield strength deter. 


per cent offset point determined by prior 
trial. This has a disadvantage that each 
material and each temper requires a 
different strain and this strain will be an 
odd number, hard to remember and hard 
to read on the extensometer dial. With 
inevitable changes of modulus of elas- 
ticity and with the nonaxiality of load- 
ing that exists in routine testing, I ques- 
tion whether such refinement achieves 
its purpose and think that equally valu- 
able results could be obtained by the 
use of the simpler round-number strains 
advanced above. 


mined for specification purposes is not 
intended to define the properties of the 
material but merely to ascertain if the 
material has the same stress-resisting 
characteristics as a previous lot. For 
a comparison between different materials 
and for establishing design stresses, the 
engineer needs far more complete data, 
and it is suggested that actual stress- 
strain curves together with tabulated 
values of stress for certain standard sets, 
offsets, and strains could with advantage 
be included as an informative appendix 
to all metal specifications. 
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SYNOPSIS 


The paper presents the results of short-specimen rotating-beam endurance 
tests on commercially fabricated rods of tough pitch and oxygen-free copper 
and fifteen copper alloys, including precipitation-hardening types. 
strengths, at 300 million cycles, are tabulated, together with pertinent data on 
composition, fabrication and tensile properties, while the experimental data are 
The results are briefly discussed and the 
fatigue machines, preparation of specimens, and testing technique are de- 


presented in the form of S-N curves. 


scribed. 


The large amount of published data 
on the endurance properties of steels is 
in marked contrast with the paucity of 
information on copper alloys. In 1932 
Gillett (1)* adequately summarized the 
information then available on the en- 
durance properties of copper alloys. 
Since that time important papers have 
been published by Gough and Sopwith 
2, 3, 4, 5)(mainly concerned with at- 
mospheric and other corrosion factors 
in fatigue), by Greenall and Gohn (6), 
and by Price and Bailey (7) (describing 
the endurance properties of commercial 
copper alloys in the form of cold-rolled 
strip). Kommers (8) studied the effect 
ol straining and low temperature an- 
nealing on brass; Boone and Wishart 
9) studied brass at sub-atmospheric 
temperatures, and Krouse (10) investi- 
gated the speed effect with brass. 

rhe present determinations were made 
on carefully polished samples machined 


gy Assistant, Copper Alloys Research Labora- 
i merican Brass Co. , Waterbury, Conn. 
research Metallurgist, American Brass Co. ,Waterbury, 


The boldface numbers in parentheses refer to the 


- and papers appearing in the list of references 
nded to this paper, see p. 857. 
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Endurance 


from commercially hard-drawn rods, 
and the values obtained are usually 
higher than those of investigators who 
utilized strip as commercially furnished 
in the rolled condition. The figures 
approximate ideal endurance strengths 
(at 300 million cycles i in air) from which 
the effeét of various factors such as 
notches, corrosion and the like may later 
be evaluated. Pertinent information 
regarding composition, fabrication, 
structure and other properties is re- 
corded. 


TESTING PROCEDURE 


All tests were performed in rotating- 
beam machines of the type shown in 
Fig. 1. Fourteen such machines were 
used interchangeably. They differ from 
the short-specimen Farmer machine’ 
primarily in the method of applying 
load and the driving mechanism. The 
load is suspended from the bottom of 
the housings of self-aligning ball bear- 
ings, a design which leads to simplicity 
and cheapness of construction. In order 
to minimize vibration, the driving torque 
is applied through a spring and a bayonet % 
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Fic. 1.—Fatigue Testing Machine. 


Fic. 2.—Fatigue Specimen. 


_ catch to a pin located inside the spindle 
at the center of the left-hand bearing. 

Most materials were tested at a speed 
of 3500 rpm., though some were tested 
at 1600 rpm. A bronze tested at both 
speeds showed a negligibly small speed 
effect, as can be seen in Fig. 4 (d). 
Stresses were computed in the conven- 
tional manner, assuming elastic be- 
havior. The uncertainty in the value of 
computed stress due to errors in measure- 


° 


Million Cycles to Fracture 


0 0.001 0.002 0.003 0,004 0,005 


Thickness of Metal Removed, in. 
Fic. 3.—Effect of Amount of Metal Removed, 


by Abrasive Polishing, on Life of Annealed Ever- 
dur Specimens (3198-A) at 21,500 psi. Stress. 


ments is believed to be less than 1 per 
cent. 

Specimens of the R. R. Moore type, 
with the dimensions shown in Fig. 2, 
were machined from 0.5-in. or larger 
diameter rods. Other specimens from 
().398-in. diameter rods were of similar 
contour in the test portion but 
minimum diameter, 0.250 + 0.005 
The contours of the gage lengths wert 
produced by the use of suitably shape! 
guides for the lathe carriage. A pointed 
tool finishing with 2 or 3 cuts abott 
0.002 in. deep was used in an effort 
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minimize work hardening of the speci- 
men surface. In spite of this, appre- 
ciable work hardening or introduction of 
compressive stresses at the surface 
evidently took place, for a number of 
instances were observed where a 
_ machined specimen with tool marks as 
it left the lathe had a longer life, at a 
given stress, than did a carefully polished 
specimen of the same material. Figure 
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‘ 


or water. Specimens were gaged before 
completion of the final polish. The 
present preferred polishing practice js to 
remove lathe marks and 0.001 to 0,092 
in. of the underlying material with 
kerosine-soaked 150 abrasive cloth 
(“Lightning Metalite”) backed with g 


taut band of neoprene. A _ simple 


machine handling four specimens simul. 
taneously reciprocates the polishing pads 
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Fic. 5.—S-N Curves of Alloys Tested, Showing Experimental Points. Arrows indicate 
unbroken specimens. 


3 illustrates this for soft Everdur. About 
0.001 in. of metal had to be removed by 
abrasive polishing before the effect of 
machining became insignificant. The 
magnitude of the effect in terms of the 
endurance strength was not determined. 

Various polishing techniques were 
employed during the investigation. In 
all cases, however, the specimens were 
finished with a longitudinal polish using 
a suspension of Alundum 600 in kerosine 


at 200 complete strokes per minute, 
while rotating the specimen 2 rpm 
Longitudinal scratches from the coarse 
cloth are then completely removed by 4 
circumferential polish using 320 cloth 
with kerosine, backed with sponge rubber 
and applied with light pressure. A 
final longitudinal polish in the machine 
using 600 Alundum on a broadcloth 
pad backed with leather and soaked with 
kerosine removes all traces of circull- 


feren 
men 
| petro 
drops 
Va 
teste 
Tabl 
of gi 
work 
SS 
0,006 
obtai 
— | merc 
Figs. 
case 
expe 
stren 
Tabl 
maxi 
300 
M 
solut 
men 
estal 
mate 
of ¢ 
Strer 
Fig, 


ore 
The 
3 to 
vith 
oth 
ha 
iple 
nul- 
ads 


MATERIALS TESTED 


Various tempers of commercially pro- 
duced copper and copper alloy rods were 
tested. The compositions are given in 
Table I, together with pertinent details 
of grain sizes, amounts of final cold 
work, final anneats or heat treatments, 
and a summary of mechanical proper- 
ties. The tension tests were made 
using the refined technique previously 
described (11). The stress producing 
0,0002 per cent offset represents the 
first consistently detectable departure 
from proportionality; the 0.002 per cent 
offset stress is roughly equivalent to 
the proportional limit that would be 
obtained in ordinary high quality com- 
mercial testing. ‘True stress-true strain 
corrections (12) were applied, when ap- 
preciable, in obtaining these values. 

Results of the endurance tests are 
presented in the form of S-N curves, 
plotted to a semilogarithmic scale, in 
Figs.4 and 5. The curve drawn in each 
case is that which seems best to fit the 
experimental data, rather than the 
lowest possible curve. The endurance 
strengths at 300 million cycles listed in 
Table I represent values of computed 
maximum fiber stresses at the inter- 
sections of these S-N curves with the 


300 million cycles ordinates. _ 
DISCUSSION 


Most of the work-hardened solid- 
solution alloys tested need little com- 
ment. The results seem to be well 
tablished for the particular lots of 
material tested. The well-known effect 
of cold work in increasing endurance 
strength is shown for a phosphor bronze, 
ig 4 (e) and a silicon bronze, Fig. 
4 (i) and (j). Comparatively little 
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ferential scratches. The finished speci- 
men is then washed in kerosine and 
petroleum ether and coated with a few 
drops of white medicinal mineral oil. 


initial working raises the endurance 
strength rapidly, while further working 
produces less effect and may even reduce 
it, perhaps as a result of increased notch 
sensitivity. It is significant that “‘scat- 
ter” frequently increases with the 
amount of cold work. 

Alloys whose structures vary with 
treatment show wide differences in 
endurance behavior. Naval brass is of 
alpha plus beta structure and the amount 
and distribution of the two phases, 
greatly affected by treatment, itself 
affects the endurance properties. Figure 
4 (kh) compares the behavior of specimens 
machined from two 1-in. rods, prepared 
by extrusion and by hot rolling, re- 
spectively, before the final cold drawing 
to size. The extruded material has a 
large grain size and varies in structure 
from front to back of the push. The 
hot-rolled material (commercial designa- 
tion “Tobin Bronze’) is of finer grain 
size, contains less beta and is generally 
more uniform. The difference in en- 
durance strength is marked. Figure 
5 (c) shows the behavior of material of 
similar composition made by hot rolling 
and cold drawing to a smaller size. 

For the precipitation hardening alloys, 


the effect of precipitation heat treatment — 


is not nearly so great on endurance 
strength as on tensile strength, and con- 
siderable scatter of points may be ob- 
tained. This is well illustrated by the 
curves for heat-treated chromium cop- 
per, Fig. 5 (6) and (c). Although heat 
treatment does not appreciably raise the 
endurance strength at 300 million cycles, 


it does greatly increase the life at higher - 


stresses. The results are extremely sen- 
sitive to slight variations in heat treat- 
ment, which possibly accounts for much 
of the scatter. This can be seen from 
Fig. 6 wherein is plotted the life of a 
specimen at 40,000 psi. versus the 
temperature of its heat treatment for 3 
hr. Maximum life is obtained after 
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treatment at 435 C. A life only half 
as great results if the temperature 
varies 15 deg. in either direction, while 
the effect on Rockwell hardness is 
negligible. It does not necessarily fol- 
low, however, that this temperature 
results in maximum endurance strength 
at 300 million cycles. 

Figure 5 (a) shows S-N data for 
beryllium-copper and again demon- 
strates the importance of heat treatment 
variations. Curve 3419-H1 is well de- 
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ciable but within the amount to be 
expected from commercial fabrication, 
Taking any of the three curves as drawn 
the endurance strength is considerably 
higher than earlier figures reported jp 
the literature. It is not to be expected 
that commercial material will consjs- 
tently reach even the minimum of these 
values—47,000 psi. Also, it should be 
pointed out that unpolished specimens 
of this material would be expected to 
show more scatter and fail at lower 
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Rockwell Hardness “B” Scale 


100 200 300 400 500 600 700 
Temperature, deg. Cent.,(3-hr. anneal) 


Fic. 6.—Effect of Heat Treating Temperature on Hardness and Endurance of Chromium 
Copper (3326). 


fined by 11 points. Curve 3419-H2 is 
also well defined, though with fewer 
points, and is quite distinct from the 
former. Both curves were obtained on 
material that was identical, save for the 
final heat treatment, and this, performed 
in the laboratory with care, was in- 
tended to be the same. Curve 2991-H 
is on a different lot of material but sup- 
posedly the same. The considerable 
scatter of certain points seems directly 
attributable to observed variations in 
grain size of the metal prior to cold 
working, the variations being appre- 


stresses than these carefully polishe! 


bars. 
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DISCUSSION | 


Mr. H. F. Moore.'—In the paper on 
fatigue tests of some copper alloys the 
authors have given us some useful data 
on alloys whose fatigue properties hith- 
erto have been very largely unknown. 
As the authors point out, their data ob- 
tained by tests of small polished speci- 
mens are to be regarded as data for en- 
durance strength of the metal under the 
most favorable conditions. In actual 
machine parts, surface conditions, stress 
raisers, corrosion, and perhaps other 
factors may profoundly modify the 
fatigue strength of the part, sometimes 
quite overshadowing the inherent fa- 
tigue strength of the material. This 
does not mean that such data as this 
paper presents are without value; such 
data serve as basic data for a metal, 
upon which may be superimposed stud- 
ies of various factors modifying fatigue 
strength in service. 


Mr. Cyrit STANLEY SmitH? (author's 
closure).—As Mr. Moore points out, it 
is well known that tests made on w- 
notched specimens with polished sur. 
faces give values for endurance strength 
higher than the stresses that can safely 
be applied to machine parts or structural 
members of the same materials; more. 
over, the relative merit of various mate. 
rials will depend on the condition of the 
surface of the piece. For this reason the 
values given in this paper obviously 
cannot be taken as design values and 
were not so intended. They do pro- 
vide, however, a base value of more or 
less ideal endurance strength on which 
the effect of surface condition, stress 
raisers, corrosion, and other factors can 
later be evaluated. 


1 Professor Materials, University of 
Illinois, Urbana, I 


2 Research iectturgist, American Brass Co., Water 
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COMPARATIVE VALUE OF ARSENIC, ANTIMONY, AND PHOSPHORUS 
IN PREVENTING DEZINCIFICATION 


SYNOPSIS 


6a 


Later, antimony or phosphorus was used in similar amount for the same 
purpose. Laboratory tests are reported herein on 70-30 and admiralty 
brasses modified by an appropriate addition of each of the above elements. 


Early attempts to inhibit dezincification of alpha brasses culminated suc- = 
cessfully in the introduction of a few hundredths of a per cent of arsenic. 


These tests indicate that dezincification of alpha brass alloys effectively may 
be suppressed by a small addition (for example, 0.03 per cent) of arsenic, 
antimony or phosphorus, without impairment of the alloy in other respects. 


The tendency of the zinc-rich brasses 
to dezincify under certain conditions 
of exposure is well known to the pro- 
ducer and consumer of these alloys. 
The high zinc brasses are particularly 
liable to dezincification when in contact 
with sea water, but may eventually 
fail from this cause when exposed to 
many fresh water supplies or to certain 
aqueous solutions. 

In some cases, increased service life 
will result from substitution of an alloy 
immune or strongly resistant to de- 
zincification, such as copper or 85-15 
brass. In other applications, the ad- 
vantage thus obtained is offset by rela- 
tive weakness of the substituted alloy 
in other respects. For example, copper 
or low brass tubes when exposed to cor- 
tosive sulfur compounds on the oil 
side of an oil-refinery condenser are 
less resistant than high-brass tubes. 
Then again, copper or low-zinc brasses 
are not useful for carrying flowing sea 
water, as in marine condensers. Even 
at water velocities of a few feet a second, 
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protective surface layers of copper | 
corrosion products developed on the 
surface of the tubing in service are not sy 
tenaciously adherent. The protective 4 | 
zinc-bearing corrosion products formed 

on the high brasses are dislodged — 
mechanically less readily than are anal- — 
ogous “scales” produced on copper or 
zinc-poor brasses (22).? 


NATURE OF DEZINCIFICATION 


The term “dezincification” was de- 
rived from a concept that since has 
been abandoned. It was thought that 
zinc was dissolved from the brass pref- 
erentially, leaving copper as a residue. 
For example, in 1898, Arnold (2) in- 
vestigated the cause of the explosion - 
of a brazed copper pipe and found de- 
terioration of the brazing metal used 
in its manufacture. He concluded, in 
part, that, “Explosion was due to a 
gradual removal from the greater part 
of the brazing of about one half of “4 


zinc, the remainder being converted to_ 


2The boldface numbers in parentheses refer to the 


reports and papers appearing in the bibliography a 
pended to this paper, see p. 877. J 
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oxide, and thus leaving a spongy and 

hence brittle mass of metallic copper 
"possessing little cohesion.” Subsequent 
investigators repeatedly ascribed the 
type of corrosion observed by Arnold 
to selective corrosion of zinc. Yet, 
this opinion was not held universally. 
Tilden (1), as early as 1886, reported 
deposition of copper on brass immersed 
in sea water at 40C. (105F.). In 
1909, Rhead (4), and, in 1915, Evans 
(11) suggested that dezincification might 
_ be the result of redeposition of copper. 
By 1923 it had been definitely shown 
that, in the so-called dezincification 
reaction, brass dissolves for the most 
part, if not wholly, as an entity, followed 
by redeposition of copper from solution. 
Thus, the essential difference between 
dezincification and other types of cor- 
rosion in which metal is generally or 
locally dissolved lies in the nature of 
the cathodic reaction: dezincification 
results when copper rather than hydro- 
gen is the reactant at the cathode. 
Redeposited copper tends to accelerate 
subsequent corrosion by formation of 
the electrolytic cell, brass-electrolyte- 
copper. 

Clarification of the mechanism of 
dezincification was due largely to the 
intensive studies of Bengough and asso- 
ciates, and Abrams. Bengough and 
coworkers expressed the opinion in 1919 
(14) that selective corrosion of brass 
may never occur. In the following 
year (15), the conclusion was reached 
definitely that so-called residual copper 
was in actuality redeposited. 

In 1922, objections to the assumption 
that dezincification resulted from “‘leach- 
ing” of the zinc were pointed out by 
Abrams (18) on the basis of experimental 
work: namely, (1) the copper occurred 
in a distinct, separable layer instead of 
being continuous with the unattacked 
brass; (2) aeration or stirring of a 
normal solution of hydrochloric acid 


Sack at" 


prevented dezincification, which other. 
wise occurred; (3) dezincification could 
not be produced in a solution of cop- 
centrated hydrochloric acid or saty. 
rated sodium chloride. 

The work of Abrams emphasized the 
importance of a relatively high con. 
centration of copper ions at the surface 
of the brass as a prelude to dezincifica- 
tion. This situation is realized best 
under the following environmental con- 
ditions: (1) moderate concentrations of 
certain salts or acids, especially chlo- 
rides; (2) a limited amount of dissolved 
oxygen; (3) low water velocity, par- 
ticularly stagnation; and (4) elevated 
temperature. 

When conditions over the entire metal 
surface are favorable for dezincification, 
the copper is redeposited as a layer. 
Conditions may arise, however, par- 
ticularly as the result of nonuniform 
oxygen distribution, that produce de- 
zincification only at certain areas. The 
corrosion pits thus formed are filled with 
“plugs” of redeposited copper. 

Other alloys, such as high aluminum 
or manganese bronze, suffer analogous 
types of corrosion. 


PREVENTION OF DEZINCIFICATION 


In 1910 a monumental study of con- 
denser-tube corrosion was begun by 
the Corrosion Research Committee of 
the (British) Institute of Metals. The 
general progress of the work was It 
ported in a series of eight papers which 
appeared in the Journal of the Institute 
of Metals in the period 1911 to 192. 
The present state of knowledge of co- 
denser-tube corrosion is largely due to 
this work and to the further investigs- 
tions that it stimulated. 

Because of the practical importance 
of avoiding dezincification of condenset 
tubes and other brass parts for marine 
service, it was natural that the col 
mittee should give immediate and vig 
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orous attention to the problem. At that 
time dezincification was the usual cause 
of failure of the brass tubes of marine 
condensers. The reciprocating engine 
then used led to comparatively low 
velocity and high temperature of the 
cooling water in the condenser—con- 
ditions favorable to  dezincification. 
later, concurrent use of the steam tur- 
bine in conjunction with a small, com- 
pact surface condenser necessitated higher 
water velocities. This change in operat- 
ing conditions promoted failure of 70-30 
brass or admiralty metal tubes by ero- 
sion-corrosion rather than dezincifica- 
tion. 

In the Second and Third Reports to 
the Corrosion Committee (7, 12) the 
superior resistance to dezincification of 
admiralty metal (70-29-1 tin) in com- 
parison with 70-30 brass was established. 


INFLUENCE OF ARSENIC IN PREVENTING 
DEZINCIFICATION 


Brief mention of the remarkable 
efficacy of a few hundredths of a per cent 
of arsenic in suppressing dezincification 
is contained in a communicated dis- 
cussion of Abrams’ paper by Bengough 
and May (19). Following this sugges- 
tion, Nixon (23), in 1924, tested brass 
containing “less than 0.3 per cent of 
usenic” as follows: 0.5 N NaCl, 0.5 V 
HCI solution for 85 days; 0.5 WN CuSO,, 
0.5 N H,SO,, 29 days; acidified CuSOu,, 
32 days; and sea water, as anode, 12 
days. Dezincification did not occur. 
Nixon commented that “it is evident 
that arsenic plays a remarkable part 
here, as it does in many other cases... . 
From the above experiments it is ap- 
parent that a small fraction of 1 per 
cent of arsenic in brass will greatly 
retard, if not completely prevent, de- 
zincification.”” 

In the same year, Bengough and May 
22) presented the Seventh Report to 


the Corrosion Committee of the Insti- 
tute of Metals, concerned mainly with 
the mode of formation and behavior of 
“scales” which form on copper and brass 
in sea water, but chiefly remembered in 
relation to the work on inhibition of 
dezincification. For periods up to 16 
weeks 70-30 brass containing 0.01 to 
0.04 per cent arsenic was immersed in 
sea water at 50C. (120 F.). Dezincifi- 
cation was absent when more than 0.01 
per cent arsenic was included. “In 
view of the remarkable effect of arsenic 
in influencing the nature of the corrosion 
products of brass, and through them 
the rate of corrosion of the alloy itself, 
it was decided to examine the influence 
of a number of the metals which com- 
monly occur in brass, either as acciden- 
tal or intentional additions.” Pure 70- 
30 brass was modified by: 1 per cent tin, 
0.5 to 1 per cent nickel, 0.5 to 0.75 per 
cent aluminum, 0.5 per cent tungsten, 
0.04 to 2 per cent manganese, 0.5 to 
1 per cent iron. These alloys were 
tested in the same manner as the ar- 
senical alloy. Tin, nickel, tungsten, 
and aluminum all had an effect of the 
same kind as arsenic, but much less 
intense, and in the order named. Man- 
ganese and iron increased the rate of 
dezincification under the conditions of 
test. 

Recently, May (26), summing up 
practical experience, commented that 
the tendency of aluminum brass to 
undergo dezincification ‘is completely 
removed by a suitable small addition of 
arsenic (for example, 0.02 per cent), 
without in any way affecting the re-. 
sistance of the alloy to impingement 
attack.” 

Although the value of arsenic in 
preventing dezincification of alpha 
brasses is now thoroughly established, 
its effectiveness in alpha-beta brasses, 
such as Muntz metal (60 copper, 40 
zinc) is questionable. Recorded in- 
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formation is meager. Masing (24) noted 
no difference in the dezincification re- 
sistance of Muntz metal with or without 
0.05 per cent arsenic after eight days 
in 3 per cent sodium chloride plus 0.10 
per cent nitric acid solution at SOC. 
(120 F.). Under the same conditions, 
70-30 brass containing 0.02 to 0.05 per 
cent of arsenic did not dezincify. 
Whether more ample additions of arsenic 
(for example, 0.50 per cent), or the use 
of some other element or combination 
of elements, would inhibit or substan- 
tially reduce dezincification of alpha- 
beta brass is a matter for future in- 
vestigation. 


4 EFFECT OF ANTIMONY AND OF 
PHOSPHORUS 


Inasmuch as arsenic, antimony, and 
phosphorus occur in the same group in 
the periodic table of the elements, 
reasonably it might be expected that 
their influences on dezincification would 
be similar. As regards antimony, ex- 
periments recorded in the literature are 
contradictory. Nixon (23) reported 
that, “a brass containing less than 0.5 
per cent of antimony was tested, but 
found to be of no value. Antimony in 
this quantity has practically no influ- 
ence upon dezincification.” Experi- 
mental details were not given. 

Subsequent published reference to 
antimony apparently does not occur 
until 15 yr. later (1939) when Mitchell 
(29) claimed “that the addition of 
antimony in small quantities to brasses, 
including aluminum brass and _ ad- 
miralty, definitely is beneficial to their 
corrosion-resistance to water. As small 
an amount as 0.02 per cent prevents 
dezincification of 65-35 alpha brass. 
Even as small an addition as 0.007 per 
cent antimony greatly increases the 
corrosion resistance of the brass to 
water, although superficial dezincifica- 
tion still occurs. The effect of antimony 
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on the dezincification of brasses jg 
greater than that of arsenic and, what 
is even more important, intercrystalline 
corrosion’ does not occur.” Conditions 
of test were: water-line test in “dilute 
synthetic sea water” at 60C. (140F. 
for 100 days; water-line test in } 
percent malic acid plus } percent sodium 
chloride at 60 C. (140 F.) for 30 days, 
Recently, phosphorus has been pr- 
posed as a dezincification inhibitor, 
In substantiation of the claim, Gleason 
(31) has briefly presented the results of 
laboratory tests. Tension specimens of 
phosphorized and of plain admiralty 
metal were immersed for 60 weeks in 
1 per cent cupric chloride solution at 
80 F. and at 120 F. Curves were drawn 
showing the relationship between tensile 
strength and elongation of the alloys, and 
time of immersion. The amount of phos- 
phorus added was not mentioned, nor 
was it stated whether any dezincification 
of the phosphorized admiralty occurred. 
Most recently, Barry (32) compared 
the corrosion resistance of plain ad- 
miralty metal with that containing 
0.03 and 0.06 per cent arsenic, 0.05 
per cent antimony, and 0.03 per cent 
phosphorus. The method of test was 
identical with that of Gleason. I 
general, the results substantiate those of 
Gleason and of Mitchell. a 


PROCESS OF INHIBITION 


The precise manner in which arsenic 
antimony, or phosphorus prevents o 
delays dezincification is not definitely 
known. In reference to the influence 
arsenic, various theories have beet 
offered. Bengough and May suggestet 
tentatively, several hypotheses: (I) 
“that it [arsenic] acts as a carrier 
oxygen to the brass-surface and oxidizes 
up to a higher state the first formed cop 


3 Intercrystalline corrosion will be considered in Part 
of this paper, 
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per corrosion products,” (2) “that it 
increases the discharge potential of 
copper on brass,” and (3) “that it 
tends to precipitate cuprous chloride 
from colloidal suspension in chloride 
solutions.” 

Masing (24) believed that: a coating 
of elementary arsenic forms on the 
surface of corroding arsenical brass; 
this arsenic film being of nobler poten- 
tial than the brass serves as cathode; 
the cathodic overvoltage of the arsenic 
is less than that of brass, hence de- 
polarization of hydrogen is more readily 
accomplished, so readily in fact that the 
necessary potential for the precipitation 
of copper cannot be obtained. Masing 
also suggested that the inability of 
arsenic to prevent dezincification of 
alpha-beta brass was related to the less 
noble potential of the beta constituent, 
which favored copper redeposition at 
the cathode. He further suggested the 
probability that dezincification of alpha- 
beta brass could be prevented by suf- 
ficient reduction of its cathodic over- 
voltage, for example, by addition of an 
impurity more noble than arsenic. 

Masing determined experimentally 
that the cathodic overvoltage of arsenic 
or arsenical brass in normal hydrochloric 
acid solution is approximately 0.45 v., 
and that of brass or antimonial brass 
(0.10 per cent antimony) under the 
same conditions, 0.56 v. Masing com- 
ments that “the fact that the antimony 
content is without effect on the cathodic 
reaction of the brass is probably ex- 
plained by the fact that antimony is 
less noble than arsenic and is not pre- 
cipitated by pickling. It also could not 
Prevent the dezincification of alpha 
brass.” Thus, the theory of Masing 
fails if antimony is effective in inhibiting 
dezincification. 

Whereas Masing believed that the 


effect of arsenic found its full explana- 


tion in its influence on the cathodic 
reaction, Fink (28) hypothesized that 
arsenic, while undoubtedly having some 
effect at the cathode, acts chiefly as an 
anodic inhibitor. 

On the basis of admittedly insufficient 
experimental evidence, Fink suggested 
that, in the absence of arsenic, the first 
stage of dezincification consists of selec- 
tive corrosion of zinc at zinc-rich points, 
leaving residual copper spots which act 
as cathodes. Then, on the main part 
of the surface, copper and zinc are dis- 
solved simultaneously, and the copper 
is redeposited on the cathodic nuclei. 
Arsenic brass was pictured as develop- 
ing an arsenic-bearing film preferentially 
over those susceptible anodic spots 
which, otherwise, would tend to lose 
zinc. This film presumably acts as a 
barrier to selective corrosion, while 
permitting general corrosion of more 
homogeneous areas. 

Most recently Hollomon and Wulff 
(25) have examined, by X-ray and 
electron diffraction methods, surface 
films developed by corrosion of arsenical 
copper, arsenical 70-30 brass, and anti- 
monial 70-30 brass. The authors con- 
clude, in part, that, for brass containing 
around 0.03 per cent or more of arsenic, 
arsenic redeposits and is oxidized to ar- 
senious oxide (As,O3). For the antimo- | 
nial brass, the mechanism of deposition 
is essentially similar; yet redeposited 
antimony does not oxidize as readily. 


EXPERIMENTAL WORK 


The degree of resistance to dezinci-_ 
fication and rate of corrosion of 70-30 
brass and admiralty metal, with and 
without small additions of arsenic, an- 
timony, or phosphorus were compared 
by means of laboratory tests. 
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Material and Treatment: 


Brasses of the analyses given in Table 
I were cast from cathode copper, high- 
grade zinc, Straits tin, 15 per cent ar- 
-senic copper, antimony, and 15 per 
cent phosphorus copper. Fifty-pound 
charges were melted in a_ graphite 
crucible, under charcoal, using a gas- 
fired laboratory furnace. The heats 
were cast in a 3-in. diameter cast iron 
mold. The castings were hot rolled to 
7 in. in diameter, then successively 
pickled, cold drawn, and annealed, 
according to usual commercial practice, 
to 0.350-in. diameter rod. After a 
final reduction of 50 per cent in area, the 


TABLE I.—CHEMICAL COMPOSITION IN PER 
CENT OF BRASS ALLOYS USED FOR TESTS. 


Nominal Composition 


Zinc, by dif- 


Antimony 
| Phosphorus 


Plain 70-30 brass 

70-30, 0.03 As........... 
70-30, 0.03 Sb 
70-30, 0.03 P 
70-30, 0.10 As........... {71.60}... .|0. 28.30 
70-30, 0.10 P ‘ 0.106| 28.65 
Plain ....| .... 28.05 
Admiralty, 0.03 As \70.11/1.08 0.030) .... (28.78 
Admiralty, 0.03 Sb |71.04/1.07| .... .. |27.86 
70.25|1.05) .... 0.034 28.67 


Admiralty, 0.03 P 


rod was finish annealed in a laboratory 
electric heat-treating furnace. The 
grain size was controlled within the 
range 0.045 to 0.065 mm. in diameter. 
The same material was used for the 
tests described in Part II of this paper. 


Corrosion Tests: 


The observed liability of many brasses 
_ to dezincify in sea water early inspired 
the use of sodium chloride or other 
chloride compounds in laboratory cor- 
rosion tests. Of particular importance, 
correlation has been obtained between 
such tests and service performance. 
Since previous work at this laboratory 
had demonstrated the suitability of the 


5 per cent cupric chloride, 5 per cent 
hydrochloric acid solution for test pur- 
poses, solutions of this composition were 
used. Two series of tests were run: 
one at 72 F. + 4F.; the other at 150F. 
+3F. 

Test specimens were in the form of 
unmachined tension specimens 7} jn, 
long. According to established cor. 
rosion-testing practice, the progress of 
the corrosion was evaluated by com- 
paring the tensile strengths and elonga- 
tions of the samples at intervals of time 
during the test with the same properties 
before test. In conjunction with this, 
the surfaces of all specimens periodically 
were inspected visually; and, at the 
completion of the test, microsections 
were prepared and examined from du- 
plicate samples of each alloy. 

Details of the test are as follows: for 
each alloy, ten test specimens, annealed 
to 0.045 to 0.065 mm. in grain diameter 
and pickled, were cleaned in ether and 
set in holes drilled equidistant circum- 
ferentially in a 4-in. diameter by }-in. 
bakelite disk. The assembly was com- 
pletely immersed in the test solution, 
contained in a 3-liter beaker, and the 
beaker covered. In the case of the 
tests run at 150 F. + 3 F., the beakers 
were placed in an insulated container, 
electrically heated, with rheostat con- 
trol. 

All tests were run for ten weeks. 
Slight losses of solution by evaporation 
were compensated periodically. At in- 
tervals of two weeks, for the first six 
weeks, and after a final interval of four 
weeks, duplicate specimens of 
alloy were removed from the solutions 
for mechanical tests. The surfaces of 
all specimens were inspected visually 
at these times. At the end of ten weeks, 
two specimens of each alloy were tt 
moved for microexamination. At the 
end of the second, fourth, and sixth 
weeks, all solutions were renewed. 
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Surfaces and Microstructures of Corroded 
Alloys: 


At the end of two weeks, the plain 
10-30 and plain admiralty brasses 
showed surface-redeposited copper. In 
the case of the admiralty metal im- 
mersed in solution at 72 F., the copper 
layer was superficial and not everywhere 
present. For the same alloy at 150 F., 


judged from visual examination, the 
corrosion products as described above 
did not change in character over the 
period of ten weeks, nor was there mate- 
rial alteration in amount, except for 
increasing thickness of the copper layer 
on the uninhibited alloys. Plain ad- 
miralty in the solution at room tem- 
perature was an exception to this gen- 


TABLE II.—AVERAGE TENSILE STRENGTHS AND ELONGATIONS OF VARIOUS 70-30 AND 
ADMIRALTY eo IMMERSED IN 5 PER CENT CUPRIC CHLORIDE— 
5 PER CENT HYDROCHLORIC ACID. 


ee 
Nominal Composition 


Solution at 72 F. for Periods up to Ten 
Weeks 


Solution at 150 F. for Periods up to Ten 
eeks 


+s Second | Fourth 
Original Week | Week 


Sixth | Tenth 


Second | Fourth} Sixth | Tenth 


Week | Week |F8inall ‘Week | Week | Week | Week 


| 42 300 
48 000 


70-30, 0. 

70-30, 0.10 Sb 

70-30, 0.10 P 

Flain admiralty 
Admiralty, 0.03 As 
0.03 Sb.. 


AVERAGE TENSILE STRENGTH, PSI. 


iralty, 0.03 P 


Plain 70-30 brass 
70-30, 0.03 As 
70-30, 0.03 Sb 
70-30, 0.03 P 


70-30, 0.10 Sb. 
70-30, 0.10 P 

Plain admiralty 
Admiralty, 0.03 As 
Admiralty, 0.03 Sb 


AVERAGE ELONGATION, PER CENT IN 1.4 IN. 


Admiralty, 0.03 P 


the surfaces of the specimens were com- 
pletely covered by a layer of copper of 
appreciable depth. 

The surfaces of the inhibited alloys, 
on the other hand, in both “cold” and 
“hot” solutions, contained no rede- 
posited copper, but rather a thin ad- 
herent black deposit, probably composed 
of or containing the inhibiting element. 
In addition, the admiralty metal showed 
4 thin, w hite, superimposed coating 
presumably tin oxide. All alloys car- 
ried a small amount of green copper 
oxychloride. In so far as could be 


22 200 
43 500 
43 000 
46 000 
41 300 
40 500 
45 000 
44 000 
43 000 
44 800 
45 800 | 53 500 


eralization: here, the redeposited copper 
consistently was of superficial thickness. 

The specimens taken at the end of the 
test for microexamination were, in each 
case, cross-sectioned on several planes. 
The sections were mounted in trans- 
parent plastic, and polished. In regard 
to the uninhibited alloys: specimens of 
both 70-30 and admiralty brass tested 
at 150 F. were on the verge of complete 
dezincification (see Fig.1). By repeated 
cross-sectioning, it was established that 
each alloy contained a central core of un- 


attacked brass about 0.05 in. in diameter | 
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along the greater part of the axis of the 
specimen. However, occasional planes 
were obtained on which the brass had 
been completely replaced by copper. 
For the same alloys tested at room tem- 
perature, the situation, quantitatively, 
was quite different. As_ previously 
stated, but a slight amount of copper 
had been redeposited on the admiralty 
metal. The dezincified zone of the 70- 
30 brass was about 0.05 in. in thickness. 


TABLE III.—-AVERAGE PER CENT LOSSES IN 
TENSILE STRENGTHS OF VARIOUS 70-30 AND 
ADMIRALTY BRASSES, IMMERSED IN 5 PER 
CENT CUPRIC CHLORIDE—S PER CENT HYDRO- 
CHLORIC ACID SOLUTION AT 72F., AND AT 
150 F. FOR PERIODS UP TO TEN WEEKS. 


F. 10 F. 


Tenth Week | 


Nominal Compo- 
sition 


Fourth Week 


Second Week 


| Fourth Week 


‘ | Second Week 


Plain 70-30 brass. . 
70-30, 0.03 As..... 
70-30, 0.03 Sb.... 
70-30, 0.03 P 

70-30, 0.10 As.. 
70-30, 0.10 Sb 
70-30, 0.10 P 

Plain admiralty... 
Admiralty, 0.03 As. 
Admiralty, 0.03 Sb.. 
Admiralty, 0.03 P.. 


9 
3 
4 
4 
4 
4 
4 
9. 
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44 
44 
47 
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4 
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7 
5 
8 
0 
3 
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2 
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3 
5 
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2 
2 
5 
2 
2 
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The alloys containing arsenic, anti- 
mony or phosphorus were examined 
caretuily up to a magnification of about 
500 for the possible presence of inter- 
granular corrosion. Intergranular cor- 
rosion could not be detected (see Fig. 2). 


MECHANICAL TESTS 


Tension tests were made with a South- 
wark-Emery hydraulic testing machine. 
Tensile strengths were computed on the 
basis of the original cross-sectional 
areas, and elongations measured over a 
gage length of four times the diameter 


Part II]—-INFLUENCES OF THE INHIBITOR 


The second part of this paper com- 
prises a consideration of possible effects 
of the inhibitor aside from suppression 
of dezincification. More particularly, 
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(1.4 in.). Results of the tests are given 
in Tables II and III. 


SUMMARY AND DISCUSSION 


Conditions were established in the 
laboratory that resulted in complete 
dezincification of 0.350-in. diameter plain 
70-30 brass and admiralty metal rod in 
a period of ten weeks. Under these 
conditions, the same alloys modified 
by about 0.03 per cent arsenic, antimony. 
or phosphorus did not dezincify. Neither 
did corrosion of the modified alloys 
progress along’ grain boundaries, 
Wholly, the corrosion resulted in ap. 
proximately uniform reductions of diam- 
eter of the specimens. Quantitative 
indices of corrosion rates are given in 
Tables II and III. 

The test results on the uninhibited 
admiralty alloy are of interest. It is 
well established, through laboratory 
tests confirmed by service experience, 
that the 1 per cent of tin contained in 
admiralty metal usually is a retardant 
of dezincification. The results of our 
corrosion tests are in accord, when 
temperatures of around 72F. are in- 
volved. But, at 150 F., tin was without 
influence on the rate of the dezincifica- 
tion reaction. Increase of temperature 
from 72 F. to 150 F. was markedly and 
similarly accelerative of dezincification 
for both the admiralty and the 70-H 
brass. Not unexpectedly, the following 
generalization appears to be warranted: 
under conditions where dezincification 
may occur, the higher the temperature 
of usage, the more urgent the need of an 
effective inhibitor in alloys susceptible to 


dezincification. 


valid evidence has been sought that 
would indicate an adverse influence o 
the performance of the alloy as the It 
sult of the use of any specific inhibitor. 
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For, it is well to consider whether the 
addition of an element to control de- 
zincification may, under some con- 
ditions, decrease rather than increase 
the life of the fabricated part. 

In general, the presence of an in- 
hibitor could be damaging to the per- 
formance of a brass part, such as a tube, 
were it able to impair its chemical or 
mechanical resistance to its environ- 
ment. Before considering in detail 
whether the possibility of such damage 
exists, it is convenient to tabulate the 
types of corrosion and the mechanical 
properties of the alloy that significantly 
might be influenced by the addition of 
arsenic, antimony, or phosphorus in 
the amount commercially used: 


(A) Chemical Influence 
1. Uniform corrosion (general thin- 
ning) 
2. Nonuniform corrosion 
(a) Pitting and grooving 
(6) Intergranular corrosion 
(B) Chemical-Mechanical Influence 
1. Stress-corrosion 
(a) Intergranular cracking 
(6) Corrosion-fatigue 
2. Erosion-corrosion 
(C) Mechanical Influence 
1. Tensile strength and elongation 


2. Notch sensitivity _ 


3. Endurance limit 
(A) CHEMICAL INFLUENCE 
1. Uniform Corrosion (general thinning): 
Conditions may exist that cause 
brasses such as 70-30 or admiralty to 
corrode uniformly without dezincifying. 
When no tendency exists for copper to 
redeposit from solution, the presence of 
an inhibitor conceivably might accelerate 
corrosion. Laboratory corrosion tests 
designed to evaluate this possibility or 
observations based on practical ex- 
perience were not found recorded in the 
literature. Tests made at this labora- 
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tory on uninhibited and inhibited a¢. 
miralty are described below. Under the 
test conditions, the rate and degree of 
uniformity of corrosion of all alloys were 
substantially the same. Consistently 
however, the rate of corrosion of the 
plain admiralty was slightly higher than 
the rate of the same alloy modified by 
arsenic, antimony, or phosphorus. 


TABLE IV.—AVERAGE TENSILE STRENGTH 


ELONGATION, AND LOSS IN TENSILE STRENGTH 
OF VARIOUS ADMIRALTY ALLOYS IMMERS! 
IN AERATED 10 PER CENT HYDROCHIOR 
ACID SOLUTION AT 72 F. FOR PERIODS UP T 


| 


Composition 


Nominal | 


Second Week 
Fourth Week 


Eighth Weel 


Sixth Week 


AVERAGE TENSILB STRENGTH, PSI. 


Plain admi- | 
ralty....... | 50800 | 44500 | 36000 
Admiralty, 
| 47 800 


0.03 As 
4 Admiralty, | 

50 500 
| 53 500 


24 200 


44.800! 36300 | 26300 


0.03 Sb 
Admiralty, 
0.03 P 


45 300) 38700 | 28000 


48 400 | 39 300 | 28 100 | 1 


AVERAGE ELONGATION IN 1.4 IN., PER CEN’ 


Plain admi- | | 
ralty... 
Admiralty, 
0.03 As 
Admiralty, 
0.03 Sb..... 
Admiralty, 
| | 


Loss IN TENSILE STRENGTH, PER CENT 


Plain admi- | | | | 
ralty j 2.4; 52.4 | 
Admiralty, 
0.03 As 6.3 | 24.1 45.0 
Admiralty, 
0.03 Sb’... 10.3 | 23.4 | 44.5 | 
Admiralty, 
0.03 P.. | 95 | 26.6 | 47.4 
Experiments.—The admiralty alloys 
listed in Table I were used for test. The 
preparation of specimens and methol 
of test were the same as those dt 
scribed in Part I of this paper,‘ 
for these differences: the solution ‘ 
sisted of 10 per cent hydrochloric a0 
in water at room temperature. Col 
pressed air was introduced throug) ¢ 
glass tube, centrally at the bottom 


4 See pp. 863-866. 
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each beaker, at a rate of about one-half 
liter per minute. The purpose of the 
sir was to increase oxidation of dissolved 
copper to insoluble copper oxychloride, 
and thereby to maintain the concentra- 
tion of copper ions in solution below that 
necessary for redeposition. The test 
was run for eight weeks, with removal of 
samples at the end of every two weeks. 

The appearance of the surfaces of the 
corroded, inhibited alloys, and the re- 
sits of their microexamination at the 
end of the test, were essentially the same 
as described in Part I. Contrary to the 
results of the previous tests, and by 
intention, copper did not redeposit on 
the plain admiralty. The surfaces of 


these specimens were practically free 
from corrosion products, except for a 
little copper oxychloride. 

Results of mechanical tests are given 


(a) Pitting and Grooving.—The in- 


in Table IV. 


2. Nonuniform Corrosion: 


fluence of an inhibitor on the corrosion 
rate of uniformly dissolving brass has 
just been considered. An analogous 
consideration, even more important from 
4 practical viewpoint, is the influence of 
the inhibitor on the rate of and tendency 
toward pitting, when dezincification does 
not occur. 

May (26), after commenting on the 
complete inhibition of dezincification by 
the addition of 0.02 per cent arsenic to 
aluminum brass, adds: “An even higher 
arsenic content may be used if the tubes 
are required especially to resist deposit 
attack; an aluminum brass with 0.04 
per cent or 0.05 per cent arsenic resists 
deposits of sand far better than any 
known condenser-tube alloy, with the 
possible exception of those alloys con- 
taining a very high percentage of nickel.” 
As is well known, electrically noncon- 
ductive deposits, such as sand, wood, 
shells, etc., promote corrosive attack by 


producing oxygen-concentration cells. 
Therefore, the observation that addi- 
tion of arsenic to aluminum brass in- 
creases its resistance to deposit attack 
is equivalent to the statement that 
arsenic decreases differential aeration 
currents. The practical importance of 
this observation is evident. Oxygen 
concentration cells are an important 
cause of rapid pitting corrosion and 
are produced not only by deposits but 
also form readily in crevices, at a water 
line, in drops of liquid, and in porous 
“scale” or sediment. 

That arsenic diminishes the strength 
of currents set up in a differential aera- 
tion cell has been observed by Fink 
(28) by means of potential measurements 
on arsenical and nonarsenical 70-30 
brass. 

(b) Intergranular Corrosion. — Re- 
cently Mitchell (29) and Barry (32) 
have reported intergranular corrosion of 
arsenical admiralty metal under lab- 
oratory tests. Intergranular attack was 
said to have occurred in the absence of 
appreciable stress. This type of inter- 
granular penetration must not be con- 
fused with the well-known “season 
cracking” of brass, which likewise fol- 
lows an intergranular path, but requires 
simultaneous action of stress and cor- 
rosion. 

The test results of Mitchell and Barry 
are of considerable scientific interest; 
for, in so far as we know, this is the first 
time that report has been made of 
intergranular corrosion of a copper-base 
alloy in the absence of internal or ex- 
ternal stress of appreciable magnitude. 

Mitchell’s test conditions were: a 
water-line test in “dilute synthetic 
sea water” at 60C. (140 F.) for 100 
days. The alloys tested were: ad- 
miralty metal, aluminum brass, and 
leaded 2 and 1 brass, in three conditions 
—plain, with antimony, and with ar- 
senic. The fabricating procedure or 
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final treatment of the alloys was not 
given. Corrosion resistance was evalu- 
ated on the basis of percentage loss of 
original tensile strength. Intergranular 
corrosion was noted only in the case of 
arsenical admiralty (0.06 per cent ar- 
senic). Barry tested five “finish-an- 
nealed” admiralty metal alloys (plain, 
0.03 per cent arsenic, 0.06 per cent 
arsenic, 0.05 per cent antimony, and 
0.03 per cent phosphorus) by total 
immersion in 1 per cent cupric chloride 
solution at 80 and 120 F. for 50 weeks. 
In the tests at elevated temperature, the 
two arsenical admiralty samples 
“showed definite intercrystalline attack 
of the metal.” 

Mitchell and Barry infer that arsenic 
is a potentially dangerous inhibitor, 
responsible for service failures. This 
conclusion appears to be unsubstan- 
tiated, either in the literature or by 
practical experience. 

Furthermore, the emphasis placed by 
the above-mentioned investigators on 
cracking of admiralty tubes appears to 
be disproportionate. Cracking is not 
a major cause of tube failure. In the 
experience of the present author, the 
cracks usually follow a transgranular 
path (corrosion-fatigue), hence cannot 
be related, even remotely, to inter- 
granular corrosion. 

For example, an analysis was made of 
the causes of failure of 46 admiralty 
heat-exchanger tubes from diverse 
sources, examined at this laboratory in 
the past 3 yr. Arsenic in commercial 
amount was contained in 23 per cent of 
the tubes; the remainder contained no 
inhibitor. Twenty-two per cent of the 
tubes were cracked; 15 per cent as a 
result of corrosion-fatigue, and 7 per 
cent from stress corrosion, none, appar- 
ently, from intergranular corrosion. 

The lack of correlation between the 
corrosion behavior of arsenical admiralty 
in service and under specific, but un- 
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related, conditions in the laboraton 
is not surprising. Engineers hay 
recognized for years the danger 9 
indiscriminate use of short-time tests 
and the careless or misleading applic. 
tion of the test data, even when the 
tests bear some relationship to actya| 
service conditions. Laboratory cor. 
rosion testing suffers this fundamental 
limitation: it is usually impossible or 
impractical to reproduce the conditions 
that the alloy must withstand in service 
For this reason, such a test may be 
wholly unreliable in predicting type or 
rate of corrosion. A laboratory test is 
of proven value only when the results 
obtained thereby are capable of con- 
sistent correlation with the performance 
obtained under conditions of usage. 
That the tests described by Mitchel 
and Barry are of such a nature remains 
to be demonstrated. 

The well-known. limitations of lab- 
oratory corrosion tests as well as their 
value have been fully recognized and 
aptly stated by Dix (33). He has 
remarked in relation to stress-corrosion 
cracking that, “by the ingenious selec- 
tion of the test conditions, it is probable 
that most metals in engineering us 
today can be made to fail by stress 
corrosion. ‘To obtain results of prac- 
tical value, the test conditions must be 
selected with due regard to the service 
to which the metal will be subjected. 
Correlation between laboratory stress 
corrosion tests and service performance 
is difficult to obtain and often requires 
many years. If the test conditions 
are intelligently selected, accelerated 
stress-corrosion tests are useful in the 
development of new alloys. The t 
sults of such tests on new alloy com 
positions may be compared with thos 
obtained on established alloys whos 
performance over a number of years of 
service is known. In this way, 4 
comparative rating may be obtained 
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and the probability of the new alloy 
failing in service by stress-corrosion esti- 
mated with considerable accuracy.” 


B) CHEMICAL - MECHANICAL INFLU- 
ENCE 
1. Stress-Corrosion: 


(a) Intergranular Cracking.—Many 
metals and alloys fail from intergranular 


2. 


not expose the metal frequently to an 
environment of the chemical and physi- 
cal characteristics inducive to this type 
of attack. The requisite environmental 
conditions vary from alloy to alloy, but 
the corrosive attack when produced is 
characterized universally by selective 
pitting and grooving of the grain boun- 
daries. Stated electrochemically, the 
grain boundary is anodic to the grain. 


Fic. 3—Unhibited Admiralty Metal Heater Tube. Cross-section through tube-wall at flattened 
U-bend. Shows intergranular stress-corrosion cracking. 


stress-corrosion cracking under suitable 
combinations of static stress, corrosion, 
and temperature. Among these are: 
various steels (34-36), aluminum and 
alloys (37-38), nickel-copper alloys, and 
Various brasses and bronzes (especially 
the higher zinc brasses, aluminum brass 
and bronze, and silicon bronze) (39-46), 
These materials differ considerably in 
Susceptibility in this sense: that common 
commercial usage either does or does 


The notch effect of grain boundary cor- 
rosion together with pressure developed 
by any corrosion products lodged therein, 
eventually superimpose a damaging 
stress concentration on the stresses ex- 
isting previously. ‘Thereupon cracks are 
propagated along the grain boundaries, 
as shown in Fig. 3. This type of attack 
on brasses and bronzes inaptly is called 
“season cracking.” Its occurrence in 
stressed brasses or bronzes is favored par- 
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ticularly by contact with aqueous solu- 
tions of ammonia or compounds of 
ammonia or mercury, or by mercury 
itself. ‘The season cracking of stressed 
brass or bronze on atmospheric exposure 
depends on slight concentrations of am- 
monia or other accelerants in the air and 
the presence of moisture at the surface 
of the metal. Under these feebly cor- 
roding conditions, the period required to 
produce failure is sometimes measurable 
in terms of months or years; hence, the 
term “season cracking.” When this 
terminology was proposed, the influence 
of corrosion had not been recognized; but, 
in view of present knowledge, “stress- 
corrosion” more completely would de- 
fine the phenomenon. 

Stresses in the material (which, in 
conjunction with grain boundary corro- 
sion, cause this type of failure), may be 
produced by: nonuniform deformation 
of the alloy by cold working, by a tem- 
perature gradient during cooling from a 
high temperature, or by structural 
changes involving localized change of 
volume. Operating stresses usually are 
insufficient, except as they may be ad- 
ditive to internal stresses produced by 
the means outlined above. 

Stress-corrosion (or season) cracking 
is an uncommon cause of failure of brass 
parts, such as heat-exchanger tubing. 
This is due largely, if not entirely, to the 
common practice of annealing suscep- 
tible alloys subsequent to the final cold- 
working operation (41). 

It is pertinent to inquire whether the 
presence of an inhibitor in brass might 
favor increased susceptibility to corro- 
sion along grain boundaries, and thus 
promote intergranular cracking. From 
the experiments described below, this 
possibility appears to be remote. In the 
case of arsenical admiralty and arsenical 
aluminum brass, the experimental evi- 
dence issubstantiated by extended service 
experience. 


Experiments.—The use of a mercury 
salt for testing in the laboratory the 
liability of brass to “season crack” was 
suggested as early as 1905 (41). This 
test, has given useful correlation with 
results in service. Because of its proven 
usefulness, a modification of this test 
was used to evaluate the influence of 
inhibitors on susceptibility to inter. 
granular cracking. The method was 
partly on the lines of that described by 
Genders (45). 

The material used was the same as 
that previously described. Inasmuch as 
stressless intergranular corrosion of ar- 


TABLE V.—AVERAGE TENSILE STRENGTHS 
AND ELONGATIONS OF VARIOUS ALLOYS. 


Average 

Tensile 
Nominal Strength, 

Composition psi. 


At | Bb | 

46 300 | 46 500 0.99 
.| 49 000 | 48 000 |1.02 
46 300 | 46 800 (0.99 
50 500 51 300 0.99 
| 47 500 | 47 000 1.01 
| 47 000 | 46 500 1.01 
52000 51 300 |1.01 
| 50 800 | 50 800 |1.00 
47 500 | 47 800 0.99 
51000 50500 1.01 
| 53 500 | 53 500 1.00 


Average 
Elongation 
in 1.4 in., | ; 


QD 


Plain 70-30 brass.... 
-30, 0.03 As 2 
30, 0.03 Sb 
70-30, 0.03 P 
30, 0.10 As. . 
70-30, 0.10 Sb 
-30, 0.10 P 
Plain admiralty 
Admiralty, 0.03 As 
Admiralty, 0.03 Sb 
Admiralty, 0.03 P 


| Ratio, C 


* Tested after previous contact with mercury for |! 
min., followed by mercury evaporation. 
Tested after no previous contact with mercury 


senical admiralty has been said to occur 
under certain specific conditions of lab- 
oratory testing, preliminary tests were 
made on the annealed material in the 
absence of applied stress. Duplicate 10- 
in. lengths of each alloy were wholly 
immersed in standard mercurous nitrat 
solution (10 per cent HgNOs plus 13 
per cent concentrated HNO;) for 1 
min. The deposited mercury was thet 
volatilized by means of a hot plate and 
tensile strengths and percentage 
gations in 1.4 in. determined. The 
correspondence of these properties wit! 
the same properties when mercury W% 


See pp. 869-871. 
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not deposited on the surfaces of the test 
specimens was well within experimental 
error. Thus, damage of the inhibited 
brasses by intergranular penetration of 
mercury is not indicated in the absence 
ofstress. Results are shown in Table V. 

The relative susceptibility to stress- 
corrosion of the various alloys was tested 
as follows: specimens in triplicate were 


4.—Longitudinal Section Through Tube-Wall of Plain Admiralty Metal Tube. 


tensile strength of untreated specimens 
of the same alloy was taken as an index 
of susceptibility to stress-corrosion. A 
further test was made in which the stress 
just insufficient to cause fracture or 
cracking of a mercury-coated specimen, 
when applied for 15 min., was deter- 
mined. Again, tests were made in 
triplicate and the ratios computed. Re- 


Shows trans- 


granular fatigue crack at base of corrosion pit (X 75). 


immersed in mercurous nitrate solu- 
tion as previously described, followed by 
immediate determinations of _ tensile 
strengths. To avoid breaking of the 
specimen in the grips of the tension test- 
ing machine, the grip ends were coated 
with paraffin before immersion in the 
est solution. The ratio of the average 
tensile strength of the mercury-coated 
‘pecimens of each alloy to the average 


sults are given in Table VI. It may be 
seen that the ratios of the inhibited - 
alloys rather closely fall around those 
of the uninhibited ones, being in some 
cases slightly more and in others slightly 
less. 

(b) Corrosion-Fatigue.—Failure from 
corrosion-fatigue is not uncommon in 
parts subjected to the conjoint action of 
alternating operating stresses and corro- 
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sion. The resulting fracture is trans- 
granular (Fig. 4), thus distinguishing the 
type of failure microscopically from the 
stress-corrosion type described above. 
When corrosion and cyclic stresses act 
simultaneously, these influences are more 
than additive. A reciprocal action is 
involved: stress increases corrosion, and, 
conversely, corrosion increases stress. 
The alternating stresses, particularly if 
of high frequency and intensity, tend to 
disrupt or dislodge films and other cor- 
rosion products protecting the metal 
surface (47). If the accelerated corro- 
sion thus produced is distributed uni- 


TABLE VI.—AVERAGE TENSILE STRENGTHS OF 
VARIOUS ALLOYS. 


Average Average 
Tensile Safe 
Nominal Strength, Stress, 
Composition A/B psi. 
ce 


17 000 


Plain 70-30 brass... 
70-30, 0.03 As..... 
70-30, 0.03 Sb...... 
70-30, 0.03 P 

70-30, 0.10 As 
70-30, 0.10 Sb 
70-30, 0.10 P 

Plain admiralty... . 
Admiralty, 0.03 As. 
Admiralty, 0.03 Sb. 
Admiralty, 0.03 P... 


es 
ao 


NS 


“* Tested in contact with mercury. 
Tested in contact with air. 
© Stress just insufficient to cause cracking when ap- 
plied for 15 min. 


formly, the fatigue resistance of the 
material will be reduced in proportion 
to the reduction in cross-section; but, if 
pitting ensues, the situation is more 
serious. The pits or crevices produced 
under conditions of corrosion and cyclic 
stress are characteristically narrow and 
pointed (47), a type that produces great 
weakening by stress-concentration ef- 
fects. The final stage of the corrosion- 
fatigue process is the initiation of cracks 
at the base of these pits and their gradual 
propagation inward. 

The resistance of an alloy to corrosion- 
fatigue depends primarily on its corro- 
sion resistance. Thus, cold working, 


which increases the endurance limit of 
metal in the absence of appreciable cor- 
rosion, does not have an analogous effect 
under conditions of  corrosion-fg- 
tigue (47). Furthermore, cold working, 
particularly without subsequent relief 
annealing, may be deleterious because of 
resulting corrosion acceleration, or be- 
cause of increase in notch  sensi- 
tivity (50). 

As regards the influence of an ip- 
hibitor on resistance to corrosion-fa- 
tigue, experimental work reported in this 
paper indicates that the endurance limit 
and notch sensitivity of inhibited and 
uninhibited alloys are comparable, and 
that their resistances to corrosion are 
similar, except under conditions pro- 
moting dezincification, where inhibited 
alloys are definitely superior. There- 
fore, increased susceptibility of a brass 
alloy to corrosion-fatigue as the result 
of an addition designed to prevent de- 
zincification reasonably cannot be an- 
ticipated, whereas, in some cases, 
improvement may be expected there- 
from. 


2. Erosion-Corrosion: 


The corrosiveness of a moving liquid 
is related intrinsically to its rate of mo 
tion past the object being corroded. As 
the liquid velocity increases, the forma- 
tion of a corrosion-protective layer o 
the surface of the metal or alloy increas- 
ingly is hindered or, if formed, it is more 
liable to mechanical removal. In the 
case of heat-exchanger tubes, the ve 
locity effect may lead to the well-known 
“impingement” attack (49). This usv- 
ally occurs within a few inches of the 
tube sheet. If particles of solids, such 
as sand, or, particularly, air bubble 
are present in a stream of impingiig 
fluid, the corrosive effect may be 
celerated greatly. 

Inasmuch as 70-30 or admiralty bras 
is not, as a rule, sufficiently resistatt 
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sbove water velocities of around 6 ft. 

sec., and is not ordinarily recom- 
mended for such usage, consideration of 
the effect of an inhibitor on the erosion- 
corrosion resistance of these alloys could 
grve no practical purpose. Aluminum 
brass and cupro-nickel tubing are char- 
acterized by excellent resistance to types 
of attack associated with the higher fluid 
velocities and have found widespread use 
on this basis. In regard to aluminum 
brass, there is noexperimental evidence or 
practical experience to show that the 
resistance of the alloy is impaired by the 
presence of an inhibitor. May states 
(6) that the tendency of aluminum 
brass to dezincify may be “completely 
removed by a suitable small addition of 
arsenic (for example, 0.02 per cent) 
without in any way affecting the re- 
sistance of the alloy to impingement 


attack.” 


1. Tensile Strength and Elongation: 


(C) MECHANICAL INFLUENCE 


Bearing in mind the minute amount of 
an inhibitor that suffices to suppress 
dezincification, the possibility appears 
to be remote that the mechanical prop- 
erties of a brass alloy would be influ- 
enced significantly by its presence. 
This supposition is substantiated in the 
ase of tensile strength and elongation 
by the data contained in Table VII. 
Phosphorus appears slightly to increase 
tensile strength and hardness, and com- 
mensurately to decrease elongation. 
Arsenic or antimony are without de- 
tectable influence. 

Experiments. Material of each an- 
alysis sufficient for three tensile speci- 
Mens was carefully annealed to 0.065 
im. average grain diameter. The grain 
size variable thus having been elim- 
inated, differences in tensile strength 
and elongation beyond possible experi- 
mental error could be attributed properly 
‘0 the influence of alloy modification. 


2. Notch Sensitivity: 


As already described, the formation of 
corrosion pits in the presence of cyclic 
operating stresses may result in corro- 
sion-fatigue cracking at an applied stress 
value well below the endurance limit of 
thealloy. In this section, the possibility 
will be considered of damage due to cor- 
rosion notches being accentuated by the 
presence of an inhibitor. 

In general, there are two ways in 


which it appeais ,>ssible that the in- 
hibitor might measurably alter sen- 
sitivity to notch effects: (1) by altering 
work sensitivity,® or (2) by an “em- 
brittling” effect. 


In regard to the first, 


TABLE VII.—COMPARISON OF AVERAGE TENSILE 
STRENGTHS AND ELONGATIONS OF VARIOUS 
DIAMETER. AT 0.065 MM. AVERAGE GRAIN 


Elonga- 
tion in 
4X di- 
ameter, 
per cent 


Nominal Composition 


Plain 70-30 

70-30, 0.03 As... 
70-30, 
70-30, 
70-30, 0.10 P 

Plain admiralty 

Admiralty, 0.03 As 
Admiralty, 0.03 Sb.......... 
Admiralty, 0.03 P 


as pointed out by McAdam (50) and 
others, work hardening of a metal or 
alloy increases its notch sensitivity.’ 
Fatigue stresses, (particularly when con- 
centrated, as at the base of a notch) 
readily may be of sufficient magnitude 
to produce progressively a work- 
hardened layer of metal. Particularly 
would this be true when the initial 
elastic limit of the metal was low. It 
follows, other things being equal, that, 
for a given range of cyclic stresses, an 
alloy with greater work sensitivity 
would possess greater notch sensitivity. 


6 Percentage increase in hardness resulting from a given 
amount of cold working may be taken as an index of work 
sensitivity. 

7 enemy | e decrease in fatigue limit, due to a notch is 
a measure o Taste sensitivity under cyclic stresses. 
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Experiments.—The work hardening 
characteristics of 70-30 brass or ad- 
miralty are not altered appreciably by 
the addition of an inhibitor, as shown 
below: 

Three-foot lengths of each alloy were 
cold drawn to 5, 10, 15, and 30 per 
cent reduction in area, and average 
Rockwell “F” scale hardnesses deter- 
mined. Results are shown in Table 
VIII. 

Notched-Rod Impact Tests..The pos- 
sibility was mentioned above of an in- 
hibitor increasing notch sensitivity by 
TABLE VIII.-RELATIONSHIP BETWEEN PER 

CENTAGE OF COLD REDUCTION AND ROCK. 


WELL HARDNESS “F” SCALE FOR VARIOUS 
BRASS ALLOYS. 


Average Rockwell *‘F” Scale 
Hardness at Various Reductions 
of Area 
Nominal Composition 


5 10 15 | 30 
per | per | per | per 


cent | cent | cent | cent 


Plain 70-30 brass | 
70-30, 0.03 As 
70-30, 0.03 Sb 
70-30, 0.03 P | 
70-30, 0.10 As 
70-30, 01.0 Sb . 
70-30, 0.10 P 

Plain admiralty 
Admiralty, 0.03 As 
Admiralty, 0.03 Sb 
Admiralty, 0.03 P 


an “embrittling” effect. To explore this 
possibility, notched-rod impact tests 
were made. It should be borne in mind 
that it has not been demonstrated that a 
connection exists between notch sensi- 
tivity as measured by a test involving 
continuous or impact application of load, 
and notch sensitivity measured by tests 
in which the load is cyclic, as in notched- 
rod fatigue testing. Therefore the re- 
sults of a notched-rod impact test cannot 
be clearly related to alloy performance 
under _corrosion-fatigue conditions. 
Yet, within the restrictions imposed by 
the test conditions, the test is a useful 
measure of relative “‘brittleness” in the 
presence of a notch. A fundamental 


criterion as to whether a metal breaks 
a “brittle” manner, that is, with little 
or no plastic deformation, is the rat; 
of cohesive strength to resistance ty 
deformation (51). In the case of a non. 
heat treatable alloy, “brittle” fracture 
may be favored in two important ways: 
(1) by cold working, which decreases the 
above ratio, and (2) by introduction of a 
stress-concentrator, such as a noted 
which increases the ratio required to 
obtain appreciable deformation. In the 
experimental work, a more compre 
TABLE IX. 


NOTCHED-ROD TESTS. 


Average Impact Value After Var 
Reductions of Area by Cold 
Drawing, ft-lb. 


5 per 10 per 
Nominal Compo- | cent cent 
sition 


2-mm. Notch 
3 oan Notch 
2-mm. Notch 
3-mm. Notch 
2-mm. Notch 
3-mm. Notch 


Plain 70-30 brass. 
70-30, 0.03 As 
70-30, 0.03 Sb 
70-30, 0.03 P 

70-30, 0.10 As 
70-30, 0.10 Sb 
70-30, 0.10 P 

Plain admiralty. 
Admiralty, 0.03 As. 
Admiralty, 0.03 Sb. 
Admiralty, 0.03 P. 


Pr rr rr rrr re 


* A = incompletely fractured. 


hensive picture was obtained by varying 
factors (1) and (2). 

Under the conditions of the test 
significant increase in notch sensitivil 
did not result from addition of an it- 
hibitor to 70-30 or admiralty brass, 
cept in the case of the alloy 70-30 brass 
containing 0.10 per cent antimony 
which was definitely more notch sens 
tive. This composition, however, § 
outside of usual commercial limits. 

Experiments.Suitable lengths of the 
previously described alloys were cold 
drawn to 5, 10, and 15 per cent reduction 
in area, one length of each being retained 
in the annealed condition. For eat 
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condition of each alloy, two 6-in. lengths 
were cut. Two circumferential notches 
(3) with 45-deg. angles and 0.01-in. 
radii at the bases were machined in each 
jngth. One notch was 2 mm. deep, 
the other 3 mm. deep. The distance 
between notches was 1.1 in. These 
specimens were tested in an Izod impact 
testing machine with the results shown 
in Table IX. 


3, Endurance Limit: 


As in the case of properties such as 
tensile strength and elongation, a few 
hundredths of a per cent of arsenic, 
antimony or phosphorus would not be 
expected to alter measurably the en- 
durance limit of a brass alloy. Certain 
small differences existed in determina- 
tions made at this laboratory. These 
differences are thought to result from 


| factors other than inhibitor content and 


to be within possible experimental error. 
On the assumption that the differences 
are actual rather than apparent, they do 
not appear to be significant. 
mentioned above,® the resistance of an 
alloy simultaneously subjected to cor- 
tosion and cycle stresses depends 


"See p. 874, 


For, as 


om 


primarily on its corrosion resistance and 
to a lesser extent on its endurance limit. 
Experiments.—The fatigue tests were 
run on R. R. Moore rotating-beam 
fatigue machines. Standard specimens 
were used, bright annealed after ma- 
chining to 0.030 to 0.045-mm. grain size. 
The reduced sections of the specimens 
were polished through 000 emery paper. 
The endurance limit was determined at 
10 million cycles. In establishing this 
TABLE X.—ENDURANCE LIMIT AT 10 MILLION 
CYCLES OF VARIOUS ADMIRALTY ALLOYS. 


Nominal 
Composition 
Plain admiralty 
Admiralty, 0.03 As 
Admiralty, 0.03 Sb 
Admiralty, 0.03 P 


Endurance 
Limit, psi. 


figure, tests were run at intervals of 
1000 psi. Results are shown in Table X. 


CONCLUSIONS 


Laboratory tests indicate that dezinc- 
fication of alpha brass alloys may be 
effectively suppressed by a small ad- 
dition (for example, 0.03 per cent) of 
arsenic, antimony or phosphorus, with- 
out impairment of the alloys in other 
respects. These conclusions. have been 
confirmed, especially in the case of 
arsenic, by extensive service experience. 
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DISCUSSION 


Mr. A. W. Tracy! (presented in written 
form).—Mr. Lynes has done a thorough 
job in studying the effect of inhibitors 
on the dezincification and physical prop- 
erties of brass and admiralty metal. 
Our laboratory tests confirm Mr. Lynes’ 
conclusions that arsenic, antimony, and 
phosphorus are equally effective in pre- 
venting dezincification of admiralty. 

Our tests were made in one per cent 
cupric chloride solution by total immer- 
sion at room temperature for 1 yr. and 
at 120 F. for six months. Test speci- 
mens were strips of sheet metal 0.050 in. 
thick annealed at 500 C. Tension tests 
were made on uncorroded material and 
on corroded strips at two-month 
intervals. 

Uninhibited admiralty metal was cor- 
roded by plug-type dezincification. ‘The 
inhibited alloys were almost uniformly 
corroded. The uninhibited admiralty 
metal rapidly lost tensile strength and 
ductility, especially in the 120F. test. 
The tensile strength and ductility of the 
three inhibited alloys dropped much less 
rapidly and there was no significant dif- 
ference between the admiralty metal 
with arsenic, antimony, or phosphorus. 
The physical test results, showing per- 
centage of original tensile strength and 
percentage of original ductility are given 
in the accompanying Table I. 

It is of interest to record that several 


1 Assistant Metallurgist, The American Brass Co., 
Waterbury, Conn. 
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million pounds of arsenical admiralty 
metal condenser tubes have been placed 
in service since this modification was in- 
troduced in 1933. These tubes have 
shown excellent resistance to corrosion 
by dezincification and have shown the 
same degree of resistance to other types 
of corrosion expected of admiralty tubes. 


TABLE I.—TESTS IN 1 PER CENT CUPRIC 
CHLORIDE. 


Room Tem- | 
| 120F, 

perature— 

12 months | months 


ginal 


Percentage of Original | 


Tensile Strengt 
iginal 
gina! | 


Percentage of Ori 
Ductility 


Percentage of Or 
Tensile Streng 


Uninhibited admiralty...... 
Admiralty + 0.03 per cent 
arsenic 80.8 
Admiralty + 0.07 per cent 
87.6 
Admiralty + 0.05 per cent 
phosphorus 64.5 | 81.4 
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Messrs. ALAN Morris? AND R. > 
Pratt? (presented in written form).—W 
would like to add a little to the work 
that has been reported on the effect 
arsenic in Muntz metal. Comparative 
tests were made by loss of strength meth 
ods after immersion of strip samples 
an acid well water containing about ° 
ppm. of free carbon dioxide. Tests wet 
made after one year immersion in ct 
well water and two months in hot we 


2 Chief Metallurgist, and Metallurgist, respective! 
Bridgeport Brass Co., Bridgeport, Conn. 
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water (160 to 170F). The results of 
these tests are as follows: 


in laboratory tests by Mitchell and by 
Barry, working independently of each 


other. Mr. Lynes stated that this type 

as | Tensile Strength, psi. Loss in of intergranular penetration must not be 

percent confused with the well-known season 

= cracking of brass which is intergranular 

Arrer 1 ye. 1 Corp Weit Water in character but requires simultaneous 

action of stress and corrosion. Season 

cracking is generally defined as a crack 

ralty it due to the simultaneous action of internal 

laced tensile stress and certain specific corro- 
Arter 2 MONTHS IN Hot WELL WATER 

aS i sive media, for example, ammonia or 

* ammonium compounds or mercury and 

ots ss 308 mercury compounds. Mercury and am- 

the $8250 monium compounds are the only ones 

types known to bring about this type of crack- 

ubes ing of brass. The corrosion tests of 


» work 
fect of 
arative 
 meth- 


These tests indicate that arsenic is also 
beneficial in reducing dezincification in 
Muntz metal as well as in admiralty 
metal or 70-30 brass. It is evident, 
however, that best results are obtained 
when the quantity of arsenic is greater 
than that usually added to admiralty 
metal. 

Mr. F. M. Barry® (presented in writ- 
len form)—The author has chosen for 
corrosion tests in the laboratory a 5 per 
cent cupric chloride, 5 per cent hydro- 
chloric acid solution, the reason being 
that previous work had demonstrated its 
suitability for test purposes. This solu- 
tion is strongly oxidizing in character and 
of a high degree of acidity, its pH value 
being less than 1.0. It is essentially a 
solution which will attack and dissolve 
copper alloys rapidly and uniformly. In 
my opinion, this solution is entirely too 
active as an accelerated corrosion testing 
agent and bears no relation or similarity 


Mitchell and Barry indicate that, in the 
case of alpha brasses containing arsenic, 
corroding agents other than mercury and 
ammonium compounds will attack the 
metal intergranularly even in the absence 
of stresses in the metal, and cracking of 
such brasses even under mild stressing 
would be expected which might be identi- 
fied in many cases as season cracking or 
stress corrosion cracking. 

On page 870, the author states that 
Mitchell and Barry infer that arsenic is 
a potentially dangerous inhibitor, re- 
sponsible for service failures. In regard 
to the Barry reference, and noting that 
Mr. Lynes has used the word “infer’’ to 
mean ‘‘conclude”’ he has misinterpreted 
the subject matter of my paper in some 
respect. Quoting the paper in question 
the most damaging statement that can 
be found regarding arsenical admiralty 
metal is the following: “The suscepti- 


bility of arsenical admiralty metal to in- 
tergranular corrosion may explain a 
number of service failures of arsenical 
admiralty metal tubes, as a result of 
cracking, which have come to our atten- 
tion.” In other words, the Barry paper 
suggested only the possibility of some 
relation between cracking of admiralty 


‘0 actual service conditions under which 
dezincification of brass usually occurs. 

Under the heading (6) Intergranular 
Corrosion, page 869, the first paragraph 
deals with the reported intergranular 


Corrosion of arsenical admiralty metal 
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metal tubes and the arsenic content of 
the metal. No conclusions were made 
contrary to Mr. Lynes’ statement. 

Mr. Lynes believes that over emphasis 
has been placed by the above-mentioned 
investigators (Mitchell and Barry) on 
cracking of admiralty tubes. As a 
matter of fact, the paper by Barry was 
devoted almost entirely to a description 
of a test procedure for evaluating the 
dezincification resistance of brass alloys 
followed by a discussion of results of 
tests on a number of copper alloys, and 
the reference to the intergranular corro- 
sion of arsenical admiralty metal was 
incidental to the discussion of test results 
on all alloys under test. In view of the 
statements on page 870, in regard to 
laboratory corrosion tests and “the 
danger of indiscriminate use of short- 
time tests and the careless or misleading 
application of the test data” which are 
made in connection with a discussion of 
Mitchell and Barry’s work, I wish to 
quote the summary given in Barry’s 
paper and ask Mr. Lynes to point out 
any “indiscriminate use of short-time 
tests or the careless or misleading appli- 
cation of the test data” contained in 
this summary: 


“1. A corrosion test for measuring the 
dezincification resistance of copper-zinc al- 
loys has been described, and results of such 
tests on a number of alloys have been given. 

“2. The tests indicate that the addition 
of phosphorus, antimony or arsenic to ad- 
miralty metal in amounts up to approxi- 
mately 0.05 to 0.06 per cent will inhibit 
dezincification under the particular condi- 
tions of the test. 

“3. Intercrystalline corrosion of arsenical 
admiralty metal has been revealed by the 
cupric chloride test, particularly at elevated 
temperatures (120 F.). 

“4. The cupric-chloride test is useful only 
in determining the dezincification resistance 
of brasses. The results of this test cannot 
be used to predict the behavior in service of 
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such alloys when subjected to other forms oj 
corrosion.” 


If Mr. Lynes has any objections ty 
the above summary of the Barry paper, 
or if he has any constructive criticism to 
offer in regard to the paper as a whole 
the author would be pleased to receive 
it. The type of criticism offered in the 
present paper by Mr. Lynes, however, js 
neither constructive nor helpful and con. 
tributes nothing to the subject at hand, 

In speaking of the conclusion, attrib- 
uted to Mitchell and Barry, that arseni 
is a potentially dangerous inhibitor, r 
sponsible for service failures, the author 
states that it appears to be unsubstanti 
ated either in the literature or by practi 
cal experience. In this connection, m 
paper referred to an article by E. § 
Dixon on “Service and Life of No»- 
Ferrous Tubes in Petroleum Refining, 
appearing in the ASTM Buttemy 
The following remarks regarding non- 
ferrous alloys (brasses) containing a- 
senic are quoted from this paper: 

“The author has noted an improve 
ment with respect to dezincification when 
arsenic was added, but because of crack- 
ing of tubes containing arsenic the use 
this alloy tube has been discontinued 
It is impossible to state whether the 
cracking of tubes occurred because of the 
arsenic. Many tubes did not crack 
though arsenic was present.” bv 
dently, Mr. Lynes has completely ds 
counted these observations by E. > 
Dixon. 

Analysis of the cause of failures of # 
admiralty metal heat exchanger tule 
from diverse sources, examined by Mf 
Lynes’ laboratory and reported on pi 
870 of the paper showed that 22 per ct 
of the tubes had failed as a result 
cracking. Arsenic in commem 
amount was contained in 23 per cel! 


4 ASTM Buttetin, No. 102, January, 1940, pa 
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the tubes examined. Mr. Lynes has 
identified 15 per cent of the cracks as 
due to corrosion fatigue, 7 per cent to 
stress-corrosion and none to intergranu- 
lar corrosion. I should like to ask Mr. 
Lynes what percentage of the cracked 
tubes contained arsenic in view of the 
fact that the percentage of arsenical 
tubes.is so close to that of the percentage 
of cracked tubes. Mr. Lynes states that 
cracking is not a major cause of tube 
failure. From the 46 tube failures in- 
vestigated by Mr. Lynes, however, 23 
per cent of such failures as a result of 
cracking seems to be a substantial pro- 
portion of the total failures and would 
undoubtedly be considered very serious 
from the standpoint of the user of con- 
denser tubes. In his analysis of tube 
failures as a result of cracking, I should 
like to ask the author how he distin- 
guishes between tube failures due to 
stress corrosion and those due to inter- 
granular corrosion since both would 
show an intergranular type of fracture. 
I believe that Mr. Lynes will agree that, 
if intergranular corrosion of arsenical 
brasses does occur under certain condi- 
tions of service, actual failure of such 
brasses would not be likely to occur 
simply through continued corrosion of 
this type until it extended through the 
tube wall because tubes are usually sub- 
jected to stresses in service which would 
come into play simultaneously with the 
intergranular corrosion and, depending 
upon the type and magnitude of such 
stresses, actual failures might well be 
diagnosed as due to stress-corrosion or to 
corrosion-fatigue. There seems to be 
some question in Mr. Lynes’ mind on this 
point and it is one of his chief arguments 
for refusing to consider that there may be 
correlation between the behavior of 
arsenical admiralty metal in service and 
those laboratory tests which have shown 
the susceptibility of arsenical admiralty 
metal to intergranular corrosion. 


The author has referred several times 
throughout the paper to published re- 
ports of Mitchell and of Barry on the 
intergranular corrosion of arsenical ad- 
miralty metal and has attempted to 
show by tests of his own that inter- 
granular corrosion is relatively unim- 
portant or does not exist. In cases of 
this kind where certain test results are 
questioned, the natural procedure would 
be, in our opinion, to check the work of 
the earlier investigators, adhering as 
closely as possible to their methods of 
test, to find out whether their test results 
can be duplicated. Has Mr. Lynes at- 
tempted to follow through either the lab- 
oratory corrosion test of Mitchell or of 
Barry and, if so, has he been able to check 
their reported results? Also, it is per- 
tinent to inquire for what reasons Mr. 
Lynes prefers to place more reliance on 
his own accelerated tests than those of 
Mitchell and of Barry. 

I am as interested as Mr. Lynes to see 
more light shed on this controversial 
subject of the intercrystalline corrosion 
of arsenical admiralty metal. In spite 
of the large number of tests conducted 
and reported by the author of this paper, 
however, the subject in my opinion still 
remains open for considerable future in- 
vestigational study before any definite 
or positive conclusions can be reached 
regarding it. 

Mr. W. Lynes® (author’s closure).— 
It is interesting to note that tests and 
observations made by Mr. Tracy are con- 
firmed in the present paper. 


Messrs. Morris and Pratt have added ° 


to the meager available information on 
the effect of arsenic in Muntz metal by 
presenting results of tests in an acid well 
water containing about 80 ppm. of free 
carbon dioxide. 


5 Research Metallurgist, Research Dept., Revere Cop- 
per and Brass, Inc., Rome, N. oes oo 
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Mr. Barry believes that the test solu- 
tion of 5 per cent cupric chloride, 5 per 
cent hydrochloric acid used by the au- 
thor is entirely too active, and bears no 
relation to actual service conditions. 
The test purposely was made drastically 
accelerative, so that freedom from dezin- 
cification under the test conditions would 
be strongly indicative of similar freedom 
under any operating condition. On the 
other hand, had some particular set of 
operating conditions begn simulated, the 
dezincification resistance of the alloy 
under more severe conditions could not 
be inferred. The well-known mercurous 
nitrate test for season cracking is based 
on analogous considerations. 

In regard to the statement in the pres- 
ent paper that “Mitchell and Barry infer 
that arsenic is a potentially dangerous in- 
hibitor, responsible for service failures,” 
the author is glad to have Mr. Barry’s 
correction that his paper “‘suggested only 
the possibility of some relationship be- 
tween cracking of admiralty metal tubes 
and the arsenic content of the metal.” 
However, Mitchell unequivocally has 
stated that intercrystalline corrosion of 
arsenical admiralty tubes has occurred in 
service.© In this connection it is in- 
teresting to note that Mr. Barry, in his 
discussion, has conceded the impossi- 
bility of demonstrating conclusively that 
intergranular corrosion ever occurs under 
service conditions, inasmuch as some 
stress is always present. 

Mr. Barry, in support of his supposi- 
tion that intergranular corrosion may 
explain a number of service failures of 
arsenical admiralty metal tubes, has 
quoted from an article by Dixon.’ The 
following remarks are quoted: “The 
author has noted an improvement with 
respect to dezincification when arsenic 
was added, but because of cracking of 
tubes containing arsenic the use of this 


W. Mitchell, ‘Recent Developments in Copper 
Alloy Condenser Tubes,” Oil and Gas Journal, July 27, 
1939, pp. 87-88. 
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alloy has been discontinued. It js jm. 
possible to state whether the cracking 
of tubes occurred because of the arsenic. 
Many tubes did not crack although ar. 
senic was present.” The foregoing 
merely states that arsenical admiralty 
tubes may crack in service, which js 
entirely expected, as it has never been 
suggested that addition of arsenic to ad- 
miralty metal precluded such a possi- 
bility. Furthermore, there is no neces 
sary relationship between cracking of 
condenser tubes and intergranular corro- 
sion. In the experience of the author, 
the most common cause of tube cracking 
is corrosion-fatigue. This type of failure 
cannot well be confused with intergranu- 
lar corrosion, because the path of fracture 
in corrosion-fatigue is transgranular. 
The author believes that, on a proba- 
bility basis, the cases of cracking cited by 
Dixon are most likely to have been the 
result of corrosion-fatigue, and to bear no 
relation to the presence or absence of 
arsenic. 

In reference to an analysis of the cause 
of failure of 46 admiralty metal heat-er- 
changer tubes examined at the laboratory 
with which the author is associated, ina 
3-yr. period, Mr. Barry asks what percent- 
age of the cracked tubes contained arse 
nic. The answer is 40 per cent. Heals 
asks how tube failures due to stress-cor- 
rosion are distinguished from those duet 
intergranular corrosion. Two plain at- 
miralty tubes and one arsenical admiralty 
tube out of 46 admiralty tubes examined 
showed an intergranular type of failure. 
As regards the plain admiralty tube 
failures, one tube “season-cracked 
where rolled into the tube sheet, the 
other at a flattened U-bend; that 3s, 
both cases, the stresses necessary 1 
stress-corrosion cracking were developes 
during assembly of the heat-exchanget 
The arsenical admiralty tube whic 
failed by stress-corrosion cracking ™ 
been accidentally in contact with me 
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cury, as shown by the examination. As 
is well known, mercury is particularly 
active in producing cracking of stressed 
brass tubing. In this case, the cause of 
the stress factor is not known. Thus in 
the 46 tubes examined, none showed evi- 
dence of having failed from intergranular 
corrosion. ‘To answer the above ques- 
tion in a general way, stressless inter- 
granular corrosion would evidence itself 
by widespread intergranular corrosion. 
In the case of 18-8 stainless steel this is 
known as “sugaring,”’ and tends to re- 
duce the test specimen to its component 
grains. In the case of stress-corrosion 
cracking where the stress intensity was 
high, the intergranular corrosion would 
be localized at a crack or at several 
cracks. At lower stress intensities, the 
end result would, in appearance, tend to 
approach that of intergranular corrosion. 

Mr. Barry states that Mr. Lynes “‘has 
attempted to show by tests of his own 
that intergranular corrosion is relatively 
unimportant or does not exist.” This is 
somewhat of a misinterpretation of the 
author’s position. A more careful read- 
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ing of the paper would show that the 
validity of the results obtained by Mr. 
Barry in laboratory tests have not been 
questioned, nor have tests made by the 
author been offered as evidence that 
intergranular corrosion of arsenical ad- 
miralty metal cannot occur under appro- 
priate conditions. The essence of the 
author’s position is that extended service 
experience with large tonnages of ar- 
senical admiralty metal tubing has shown 
no propensity toward intergranular cor- 
rosion of these tubes in service, and that 
but a small percentage of these tubes 
have failed intergranularly, irrespective 
of the type of intergranular failure. The 
author still maintains that valid evidence 
is lacking to show that the intergranular 
corrosion obtained by Barry and Mitch- 
ell in laboratory tests has its counter- 
part under operating conditions. At the 
moment, the test results of Barry and 
Mitchell are scientifically interesting but 
lack proven commercial significance. 
The author would like to thank the 
various parties who, by their discussions, 
have added to the value of the paper. 
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THE PROPERTIES OF CERTAIN LEAD-BEARING ALLOYS 


By ALBERT J. ALBERT A. SMITH, JR.,' AND Paut A. Beck! 


SYNOPSIS 


A new lead-base bearing alloy containing approximately 12.5 per cent 
antimony, 3 per cent arsenic, 0.75 per cent tin, has been developed and its 
properties have been compared to those of conventional lead-base and tin- 
base alloys. At elevated temperatures, approximating those prevailing 
in automotive engine bearings, the tensile strength and Brinell hardness of 
the new alloy are considerably higher than those of the standard lead-base 
alloy and equal to those of the tin-base alloy. In addition, it retains its 
higher hardness over long periods of exposure to elevated temperatures, 
whereas the standard alloys show considerable softening under such con- 
ditions. The rotating-beam fatigue strength and the flexure fatigue strength 
of the new alloy at room temperature are superior to those of the standard 
bearing alloys. This superiority is also fully retained at 100 C. The alloy is 
easy to cast, retains its composition after repeated remelting, and shows 
relatively little loss of weight due to drossing. Above 175 C. the alloy is 
ductile enough to permit shaping as required in certain bearing manufacturing 
processes. The solidus temperature is 242.5 C. and liquidus temperature 


295 C. 


The properties of the new alloy indicate that it is superior to the 
lead-base and tin-base bearing alloys now in general use. 


Since tin is a stra- 


tegic material, the new alloy promises to be of great interest because its use 
can decrease the amount of tin employed for bearing purposes. 


Some time ago in the Central Research 
Laboratory of the American Smelting 
_ and Refining Co. a program was started 
for the expressed purpose of deter- 
mining or developing the best lead-base 
bearing alloy available. From a pre- 
liminary survey of the data given in the 
literature it would seem, on the face of 
it, that lead-base bearing alloys are 
quite the equal and, in some cases, pos- 
sibly superior to tin-base bearing alloys 
but as a matter of practical experience 
this has not proved to be the case. 

Tin-base bearing alloys have usually 


1 Research Metallurgists, American Smelting and 
Refining Co., Barber, N. J 


proved their superiority, particularly in 
automotive engines where the bearings 
are subjected to elevated temperatures. 
Since the data in the literature cover very 
largely the properties of lead-base bear- 
ing alloys at room temperatures it was 
anticipated that the failure of the phys 
cal properties to indicate the relative 
merit of tin- and lead-base bearing 
alloys was due to the measurement of 
these properties only at room temper 
tures. Therefore the properties of the 
various accepted bearing alloys wet 
measured over a range of temperature 
wide enough to include the highest tem 
perature at which bearings could nor- 
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mally be employed. This procedure 
did indeed indicate that the properties 
of most lead-base bearing alloys fall off 
more rapidly with increasing tempera- 
ture than do the properties of tin-base 
bearing alloys. A further factor was 
soon discovered which proved to be of 
greater significance and that is—time at 
the elevated temperature. When bear- 
ing alloys were held, for example, at 
150 C. for a period of many days it was 
found that with all the commercial lead- 
base alloys tested the properties fell off 
much more rapidly with time than did 
the properties of the conventional tin- 
base alloys. As a result of this survey 
it was felt that if a lead-base alloy 
could be developed that would retain its 
physical properties over a range of tem- 
perature and time at least equal to the 
best tin-base alloy, the application of 
lead-base alloys could be widened to a 
great extent and very largely displace 
tin-base bearing alloys. Since tin is a 
high-priced strategic metal, this pos- 
sibility is of considerable significance at 
the present time. 


SURVEY 


As not one of the lead-base bearing 
alloys tested had properties reasonably 
close to those of the tin-base bearing 
alloys which were set as the minimum 
target for the development, a survey 
was made of ‘all lead alloy systems that 
could possibly be of use for bearings. 
The initial survey was simple, since it 
merely took into account the binary 
‘ystems of lead with all other elements 
of the periodic table. The systems of 
many elements are not known and for 
the most part such systems can be 
diminated since they contain very 
largely either the rare elements which 
ae not available at a reasonable price 
or elements that are difficult, if not im- 
possible, to alloy with lead. Of this 
Soup only two or three systems were 


investigated, none of which proved to 
be promising. 

Of the group where the constitution 
is known, most of the systems can be 
eliminated without performing any ex- 
perimental work. For example, the 
eutectics of platinum, gold and other 
precious metals can be eliminated on the 
basis of cost. Other systems having low 
melting eutectics can be eliminated on 
the basis that their melting point is too 
close to the working temperature de- 
sired. Certain other elements like 
lithium, sodium, potassium, etc., are 
much too reactive to permit the forma- 
tion of an alloy stable enough for regular 
commercial usage. Hence, of the simple 
eutectic systems only two or three were 
investigated and in no case was an alloy 
found that had satisfactory properties. 

Of the group of alloys that showed a 
decreasing solid solubility with tem- 
perature, which of course are potentially 
hardenable alloys, fairly careful surveys 
have been made in the past and conse- 
quently relatively little work was done 
on these alloy systems considering the 
number of potentially interesting sys- 
tems. One factor that eliminated a 
great many of these alloys was the in- 
stability at temperatures approaching 
150 C. of the hardness due to pre- 
cipitation. In other words, while these 
alloys do produce desirable properties 
at room temperature and even at ele- 
vated temperatures for a short period of 
time, when exposed to elevated tempera- 
tures for long periods of time their 
properties approach those of common 
lead. 

It was therefore felt after performing 
only a moderate amount of work on the 
binary systems that the possibility of 
developing a satisfactory binary lead- 
base alloy for bearings was quite remote 
and that there was more chance of suc- 
cess in developing an alloy which de- 
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pended for its strength upon a matrix 
material consisting of a ternary or poly- 
nary eutectic. While the number of 
possibilities in ternary and polynary 
_ systems is tremendous, yet there is one 
fact that makes a survey of such systems 
for bearing alloys rather simple and that 
is—the alloy developed must have a 
reasonably high melting point if good 
physical properties are to be obtained 
at elevated temperatures. At the same 
time the alloy must contain a relatively 
large amount of the alloying elements if 
a substantial effect on the properties is 
to be obtained. However, even with 
these limitations, the number of alloys 
that were to be investigated was so great 
as to preclude making a complete survey 
of the properties of these alloys. For the 
purpose of quickly testing the series it 
was decided that a simple test, that could 
be conducted with a minimum of out- 
lay for test specimens and testing pro- 
cedure, would be employed and that all 
systems which passed this preliminary 
survey would be further investigated. 
The test procedure employed in this 
preliminary survey was to determine the 
Brinell hardness over a range of tem- 
peratures and a reasonable period of 
time. 
After a great many preliminary tests, 

a lead-base alloy system was developed 
which proved to be at least equal to the 
present commercial tin-base bearing 
alloy in practically all of its physical 
properties. It is the purpose of this 
article to describe the properties of this 
alloy, comparing them with those of the 
conventional lead-base and tin-base al- 
loys. The alloy? as finally developed 
had the following composition: 

Antimony, per cent 

Arsenic, per cent 
a Tin, per cent 

Lead, per cent 


Solidus point 
Liquidus point 


2 U. S. Patent No. 2,232,185, February 18, 1941. 
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It was found that other elements coyl 
be added to this alloy system without 
deterioration and in some cases with 
minor improvements in __ properties, 
These elements were, for example, cop- 
per, bismuth, cadmium, nickel, mercury, 
etc. In no case was it found that smal] 
amounts of the various addition agents 
tested developed any serious loss in 
desirable properties. Consequently it 
is felt that the alloy was quite insensi- 
tive to impurities or contaminating 
elements, a feature that is of some com- 
mercial importance. 

The effect of additions of arsenic to 
lead-base bearing alloys has been studied 
by a number of investigators* and the 
results show improved high-temperature 
properties and considerable grain re- 
finement. In addition, Schwarz' states 
that the addition of arsenic to lead-base 
bearing alloys markedly lowers the coef- 
ficient of friction. However, the above 
quaternary system has not previously 
been completely surveyed to determine 
the composition ranges that give the 
best combination of properties. 


BRINELL HARDNESS 


Test’ specimens were prepared for 
Brinell hardness tests by alloying the 
various constituents in Dixon “graphite” 
crucibles, heating to 400 C. for the lead 
alloys and 500 C. for the tin-base alloys, 
and casting in an open iron mold to 
produce slabs 7 in. long, 1} in. wide and 
1 in. thick. The mold was used cold 
and was quite heavy in order to product 
the maximum degree of chill, a condition 
that prevails in the commercial casting 
of bearings. All hardness impressions 
were made on the smooth bottom surface 
of the castings. 


3 Metals Handbook, 1939 Edition, p. 1554. . 

H. J. Roast and C. F. Pascoe, “How Arsenic 
Alloys,” The Foundry, Vol. 51, pp. 67-70 (1923). d 

«M. von Schwarz, “Tests on Frictional P ‘Alloys 
New Bearing Alloys, Particularly Lead-Base 
Zeitschrift far Metalikunde, Vol. 28, p. 128 (1936): 
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Brinell hardness impressions were 
made as soon after casting as was prac- 
tical, and after several readings had been 
obtained to give an average value, the 
castings were placed in an electric oven 
automatically controlled at 150 C. At 
the end of various periods of time, the 
samples were removed from the oven to 
an oil bath automatically controlled at 
150 C. and which was mounted on the 
anvil ofa Brinell machine. After taking 
two or more impressions of each specimen 


TABLE I.—-BRINELL HARDNESS AS RELATED TO 
TEMPERATURE. 


Brinell Hardness 
Composition, per cent 


> 
w 
o 


At 150 C. 


After 7 days 
at 150C. 
After 46 days 

After 17 hr. 


we | After 46 days 


o- 


ao 


ease | After 7 days 


wr 


dead-weight machine employing either | 
25, 50, 75, or 100-kg. loads. The load 
was applied for a period of 30 sec. and it 
was found necessary to control this 
period rather precisely. As a general 
rule the scatter in readings obtained on 
any one specimen seldom exceeded one 
Brinell number. Values obtained with 
the above procedure are listed in Table I. 


TENSILE PROPERTIES 


Tensile properties were determined on 
the various bearing alloys in the “as 
cast” condition. The alloys were pre- 
pared in the same way as for the Brinell 
specimens but were chill cast into a cold 
iron mold. The iron mold was shaped 
to produce flat specimens with a reduced 
gage length 2 in. long by 1 in. wide by 
in. thick. 

The tension tests at elevated tem- 
perature were conducted using a uni- 
versal hydraulic testing machine of the 
lapped ram type equipped with two 


TABLE II.—TENSILE PROPERTIES AT VARIOUS TEMPERATURES. 


Composition, per cent 25 C. 


100 C. 


re) 


Copper| Lead 


Elongation 
per cent | 


Elongation 
in 2 in., 
per cent 
in 2in., 
per cent 


Elongation 
in 2 in., 


Bal. 
Bal. 


Se 
Sas 


1200 
1700 


at 150 C. the specimens were removed 
fom the oil bath and allowed to cool to 
foom temperature in order to obtain 
the room temperature Brinell hardness 


in the annealed condition. After the 
‘oom temperature impressions had been 
made and the values of the impressions 
both at room temperature and 150 C. 
"ere recorded, the specimens were re- 
turned to the electric oven for further 
heat treatment. 

be Brinell hardness tester employed 
‘10mm. ball and was a direct-acting 


Bourdon gages, one reading to 300 lb. 
and the other 1000 lb. The tests were 
conducted in an electrically heated oil 
bath automatically controlled to within 
ane or two degrees of the designated — 
temperature. After a specimen had 
been clamped in the grips and was 
placed in the bath, a period of 20 min. 
was allowed for it to reach temperature 
before testing was commenced. The 
speed of the head was 0.05 in. per inch 
of gage length per minute. All values 
as reported are the results of at least two 
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closely checking tests. Data from speci- 
mens containing defects in the fracture 
were discarded in all cases. The data 
are given in Table II. 
Drossinc 
The commercial use of any bearing 
alloy can be very considerably influenced 


by the composition stability of the alloy 
under normal conditions of commercial 
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rejected material -composition, 
Consequently a series of comparative 
drossing tests was conducted in order 
to determine whether the new alloy was 
as stable in composition as the con- 
ventional tin- and lead-base bearing 
alloys. 500 g. of each alloy was melted 
in a porcelain casserole and held at 400 
for 30 min. During this period a stirrer, 
skimming the surface of the metal ina 


TABLE III.—CHANGE IN COMPOSITION DUE TO DROSSING. 


Lead Babbitt 


Tin Babbitt 


New Alloy 


Initial 


Final Initial Final 


Antimony, per cent 
Arsenic, per cent 
Copper, per cent 


per cent 


13.9 
0.24 
6.62 
Balance 
500 


7000 


| Balance 
| 360 


14.0 
0.24 


6.67 


4.75 


5. 43 
Balance 


4.65 


43 


6 000 


. 5000 


> 
oO 
oO 
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Stress, psi. 


3 000 }— 


C-5.2 per cent Cu +6.2 per 
2 000 


A- 13.3 per cent Sb+3 2 per cent As 
+0.7per cent Sn + Balance Pb 
B-/4 per cent Sb + 6.6 per cent Sn 
+0. 24 per cent As + Balance Pb 


per cent Cu 


cent Sb+Balance Sn 


1000 


10° 10° 


107 io? 


CYCLES TO FAILURE, LOG. SCALE 


Fic. 1.—Fatigue Test Results 


operation. For example, an alloy that 
contains elements which readily vola- 
tilize or oxidize to form dross and thus 
change the composition significantly are 
looked upon with disfavor on the part 
of operating men due to the nuisance of 
continually checking compositions. 
Such difficulties may be so great as to 
increase the cost prohibitively due to 


on the Various Bearing Alloys. 


circle 14 in. in diameter, was rotated a! 
exactly 100 rpm. Samples taken be 
fore and after this drossing period wer 
analyzed with the results given 
Table III. 

In addition a great many tests wert 
conducted under operating conditions 
when actually casting bearings and in™® 
case was it necessary to adjust com 
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FATIGUE TESTS 


Fatigue strengths of the various alloys 
were determined by conventional means. 
Slugs 2 in. in diameter by 6 in. long were 
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Fic. 2.—Fatigue Test Machine. 
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average temperature obtained by the 
specimens was about 37 C. The results 
obtained with the various bearing alloys 
are given in Fig. 1. It will be noted that 
on the basis of 20 million cycles the 
fatigue strength of the conventional tin 
babbitt is 3400 psi., of the conventional 
lead babbitt 3900 psi., and of the new 
lead alloy 4400 psi. While a high fatigue 
strength at room temperature probably 
does indicate to a reasonable extent a 
desirable property in a bearing alloy, the 
fatigue value at the operating tempera- 
ture of the bearing is of course much 
more important and may be of quite 
different magnitude. Likewise in auto- 
mobile bearings the fatigue strength of 
the bearing alloy is only of importance if 
the fatigue strength of the bond fasten- 


Fic. 3.—Fatigue Test Machine. 


cast ina cold iron mold. These castings 
were machined into the 0.350-in. diam- 
eter standard test specimens for R. R. 
Moore rotating-beam fatigue machines. 
The machines were specially balanced in 
order to permit testing with low loads 
but otherwise were standard design. 
They were run at 2000 rpm. and the 


ing the bearing alloy to the steel backing 


is satisfactorily high. Consequently a 
special testing machine to determine 
these two properties was developed on 
the basis of a description of a testing 
machine used by a European manu- 
facturer of automobile engines.2 The 
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machine consists of a device for rotating 
and flexing a bushing made by centrifu- 


_ gally casting the bearing alloy under test 


into a steel ring of proper dimensions. 
The ring is mounted on two rollers which 
rotate at the desired speed. A third 
roller presses the top of the ring, flexing 
it the desired arnount. The machine is 
illustrated diagrammatically in Fig. 2 
in which B is the test specimen, rolls 
1 and 5 are the bottom rolls for sup- 
porting the specimen, 6 and 2 are the 
gears for driving one of these rolls, 3 is 
the roll for applying the load, which is 
supplied by spring 11 acting on the lever 
arm 7. The apparatus as built is il- 
lustrated in Fig. 3. In practice the 
machine is flooded with oil which is cir- 
culated through a suitable heating tank 
where it is maintained automatically at 
the desired temperature. The speci- 
mens were driven at 1190 rpm. and there 
were, quite obviously, three flexing 
cycles per revolution. The test pro- 
cedure was to examine each specimen 
periodically by removing it from the 
machine to determine whether failure 
had taken place. This could be detected 
in two ways. First, by ringing the 
specimen and, second, by visual examina- 
tion for cracks. Usually the ring test 
would detect cracks before they could 
be seen with the unaided eye. The 
change from a clear bell-like tone to a 
“cracked bell” sound was quite marked. 
The bearing bushings were prepared by 
centrifugally casting the various alloys 
into cold-drawn seamless steel tubing. 
The tubes were tinned by placing them 
in a bath of the tinning alloy covered 
with a layer of molten zinc chloride and 
maintained at about 450 C. This high 
temperature was necessary to prevent 
the relatively heavy steel tubing from 
chilling down the molten tinning alloy 
to the freezing point. The tubes for 
both lead alloys were tinned with an 
alloy containing 12 per cent antimony, 


i 


4 per cent tin, and 84 per cent lead. 
The tinning bath for the tin babbitt alloy 

was of the same composition as the alloy 

All test specimens were machined to ? 
in. outside diameter, 1 in. w ide, 0,040 
in. steel thickness and 0.020 in. bensian g 
metal thickness. Table IV gives the 
data obtained at both room temperature 


and 100 C. 


DISCUSSION 


As has been mentioned before, the 
Brinell hardness data, particularly after 
a period of 7 to 46 days at 150 C., reveal 
that the physical properties, at least as 


TABLE IV.—FLEXURE TESTS AT VARIOUS LOADS 
AND TEMPERATURES. 


Composition, per cent 


| 


Temperature, 
deg. Cent. 


! 


| Antimony 


determined by hardness, of the conven- 
tional lead-base bearing alloys are de- 
cidedly inferior to those of the standard 
tin-base alloy. However, the new lead- 
base bearing alloy retains its hardness to 
a greater extent than does the tin 
babbitt. The tensile strength data con- 
firm the hardness data and show that 
while the new alloy is initially a tne 
softer at room temperature than the 
lead or the tin-base babbitt, it is ver 
much better than these two alloys 4 
100 C. and higher. It is true that the 
ductility of the alloy at room temperé 
ture, as determined by elongation, © 
inferior to that of either the lead- or ti 
base babbitts but for most beariog 
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purposes ductility is an unimportant 
factor and is useful only in that it is 
supposed to be a guide to fatigue or 
flexure strength. It is important for 
making bearings by certain procedures 
that the alloy have a reasonably wide 
“working temperature” range to permit 
shaping without fracture. However, in 
the temperature range of 175 to 200 C. 
the new lead-base bearing alloy is ductile 
enough to permit the most drastic 
shaping operation. 

The composition stability of the new 
alloy is most satisfactory and in addi- 
tion the low rate of dross formation pro- 
motes economical utilization of the 
alloy. In fact the alloy is far easier to 
handle in the molten state than any 
bearing alloy tested. The high fatigue 
strength as shown by the tests on the 


893 


R. R. Moore rotating-beam machine was 
encouraging but not conclusive evidence 
that the alloy would show real superi- 
ority in this respect in commercial 
bearings. However, the flexure test 
machine demonstrated such a marked 
improvement over the conventional lead- 
base or tin-base babbitts that there is 
little question that bearings made of the 
new alloy have improved fatigue resist- 
ance. In addition there have been 
several installations of the alloy in 
automobiles and machinery and no 
failures have been experienced to date. 
Several of these tests have now run. 
over 18 months and it is felt that they 
afford reasonable confirmation of the 
results predicted from the laboratory 
tests. 
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DISCUSSION 


Mr. H. W. (presented in 

written form).—Jt is encouraging to see 
- that an attempt is being made to repro- 
- duce, in a lead-base babbitt, the proper- 
ties of tin-base babbitt, both at room 
temperature and at operating tempera- 
tures. Many experimenters have “im- 
_ proved” lead-base babbitt by hardening 


jt at room temperature, probably beyond 


the degree dictated by embedability 
requirements, without improving its 
properties at operating temperature. 
Until someone can more clearly define 
_ what properties are needed in babbitt, 
there is always the possibility that what 
the shaft wants is just what tin-base 
babbitt gives, neither more nor less. 

Working on the assumption that a 
similar hardness-temperature curve (de- 
termined on aged material) to that of 
 tin-base babbitt would indicate a first 
approach to the required properties 
and that good bonding, or soldering, 
power was essential, we have , been 
studying substitute lead-base babbitts 
at Battelle. Since silver confers strength 
at elevated temperature, since lead- 
silver alloys are recognized solders, and 
since the United States has large 
amounts of silver not being put to any 
useful engineering purpose, silver was 
not excluded from the list of alloying 
elements tried. 

From this work it was found that a 
lead-base alloy with 2} to 5 per cent 
silver, 15 per cent antimony, 2 per cent 
tin, 0.25 per cent copper has many 
similarities to tin-base babbitt. One 
could consider this a cross between 
No. 10 lead-antimony-tin babbitt of the 


Metallurgist, Battelle Memorial Inst., Columbus 


hi 


Standard Specifications for White Meta] 
Bearing Alloys (Known Commercially 
as “Babbitt Metal”) (B 23 - 26)? 
which has bearing properties but low 
strength at high temperature, and a 
lead-silver-copper solder which has high- 
temperature strength. The tin content 
was put in primarily because some tin 
in a lead-base bearing is considered 
helpful against corrosion by oil, and 
while it is probably not needed for that 
purpose in the 5-component alloy, it 
was retained and held at this level 
because of its strengthening effect and 
because alloys of either much higher or 
much lower tin tend to soften more on 
aging. 

We used soft and hard tin-base bab- 
bitts of 7} per cent antimony, 3} per 
cent copper, and 83 per cent antimony, 
8} per cent copper for comparison. 
These and the lead-base babbitts studied 
were tested for hardness as follows: 
at room temperature as cast; at room 
temperature after aging 24 hr. at 300F. 
using a 23-mm. ball, loaded for 30 sec. 
5-kg. load; and at 300 F. after aging 24 
hr. at 300 F., with 2}-mm. ball, 2-kg. 
load, for both 30 sec. and 300 sec. 


Room 
Temper- 300 
ature, 
30 sec. 


Composition, per cent 


at 300 F. 


Balance 


SRSB | After 24 hr. 


Balance 
3 Balance 


2 1939 Book of A.S.T.M. Standards, Part I, p- 671. 
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Our 300 F. hardness values for the 
tin-base babbitts are lower than those 
of Phillips, Smith and Beck, for an 
intermediate composition, which prob- 
ably is due to differences in casting 
conditions. We did not follow up 
arsenic-containing alloys very far be- 
cause of indications of inferior bonding 
power compared to the silver-containing 
alloys. 

Cylinders of the lead-base babbitts 
containing silver could be hammered 
down 40 per cent or more before cracking 
started, so formability seems adequate. 

The raw material cost for these bab- 
bitts that contain silver is higher than 
for those of Phillips, Smith and Beck, 
but, figuring on industrial silver and 
present cost of tin, the 5 per cent silver 
alloy costs two-thirds as much as tin- 
base, the 23 per cent silver alloy one- 
half as much. 

We have run Amsler seizure tests 
on the lead-base alloys with silver and 
found that their frictional properties 
are almost identical with those of the 
tin-base babbitts. Full-size bearing 
tests, on a machine of the General 
Motors design for testing connecting 
rod bearings, have shown that such an 
alloy resists cracking as well as the 
tin-base babbitts. 

We have run no fatigue tests on such 
alloys in the rotating-beam machines. 
In the past, however, we ran a large 
number of rotating-beam tests on various 
standard tin-base and lead-base bab- 
bitts, both at room temperature and at 
elevated temperatures. At that time, 
we found the thing pointed out by Phil- 
lips, Smith and Beck, that tests at room 
temperature were no indication of what 
the results would be at elevated tem- 
peratures, nor did high-temperature 
fatigue tests prove very illuminating. 
For that reason, we have gone to the 
General Motors type of bearing test 
lor obtaining data on propensity toward 
cracking. We have questioned the value 


of the flexure test, for the reason that it 
appears to give data that are not trans- 
latable into service. For example, the 
data in the paper would seem to show 
that lead-base babbitts, even without 
arsenic, are more resistant to fatigue- 
cracking than tin-base babbitts, which 
seems contrary to general experience. 

The every-day lead-base babbitts, 
in the extremely thin layer now used 
in automotive bearings, seem to be 
serviceable as substitutes for the thicker 
layer of tin-base babbitt of earlier days, 
but this does not help the man who has 
to reline a failed thick tin-base babbitt 
bearing if he cannot get tin in a shortage. 

It was with this in view that we 
attempted to produce a lead-base bab- 
bitt with the approximate properties of 
the tin-base, and with approximately 
the same bonding power. 

It is to be hoped that widespread 
practical trials will be made of the 
lead-base alloys with arsenic, of those 
with silver, and of any others that show 
promise of being adequate substitutes 
for tin-base babbitt, because of the 
strategic importance of such substitu- 
tion. The strategic aspect makes the 
work of Phillips, Smith and Beck doubly 
important and particularly welcome. 

Mr. Joun M. Lessetts.*—Tin-base 
babbitts have been replaced by other 
types of materials for severe applica- 
tions such as aeroengine crankshaft and 
connecting rods. This replacement of 
tin-base babbitts is also taking place 
in the automotive field. In view of this, 
what are the chief application and service 
condition which the authors have in ~ 
mind for these babbitts? 

Secondly, it has been shown that the 
fatigue life of babbitts increases as the 
thickness of the babbitt is decreased 
to a certain minimum and the question 
arises whether or not the thickness of the 
babbitts was varied in the authors’ tests. 


® Associate Professor of Mechanical Engineering, 
Massachusetts Insfitute of Technology, Cambridge, 


Mass. 
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on Messrs. ALBERT J. PHILLIPS,‘ ALBERT 
A. Situ, Jr.,* AND A. BEcK* 
authors’ closure, by letter)—In answer 
to Mr. Lessells’ question regarding the 
application of the new alloy, there are 
any number of possible places where a 
low-cost alloy of excellent properties 
can be used such as automobiles and 
rolling mills. Because of the strategic 
_ importance of tin at the present time a 
_ saving in its use in conventional babbitts 

is of importance. 
‘The flexure fatigue tests were all made 
on a babbitt thickness of 0.020 in. and 
this was not varied for the different 
alloys, as comparative data were de- 


‘Research Metallurgists, American Smelting and 
q Refining Co., Barber, N. J. 
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sired. It is well known that the thick. 
ness of the babbitt lining has a 
effect on fatigue life, but this was felt 
to be outside the scope of the present 
work. 

Mr. Gillett has presented some inter- 
esting data on lead-base babbitts con- 
taining silver which show very promising 
properties. He agrees with the authors 
that high-temperature properties and 
their retention after prolonged heating 
are important for bearing alloys. It is 
difficult to determine by laboratory tests, 
such as flexure and hardness, whether a 
particular bearing alloy is superior to 
another in actual use. However, such 
tests do serve as guides and actual 
service installations have confirmed the 
laboratory tests to a large extent. 
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MERCURY CRACKING TEST, PROCEDURE AND CONTROL* 
By H. RoseNTHAL! AND A. L. JAMIESON! 


This paper presents data accumulated during an investigation made on 
small arms ammunition cartridge cases and small arms ammunition cartridge 
case draw pieces. The purpose of this study was to determine the effect of 
different variables which exist in the mercurous nitrate test for detection of 
excessive stresses in copper-base alloys. 

The variables studied include the preparation of specimens prior to testing, 
mercurous nitrate and nitric acid concentrations, temperature of solutions, 
time of test period, and re-use of solutions. 

Tests were made on two lots of metal, fabricated at Frankford Arsenal, which 
had stresses of two different magnitudes. These specimens were subjected to 
tests in which all variables were held constant except those being investigated. 
The results of these tests show that test conditions should be controlled as to 
temperature and composition of the solution, period of immersion, and sample 


| 
SYNOPSIS 


preparation and examination. 


The use of mercury salt solutions to 
detect excessive stresses in copper-base 
alloys was originated and first applied to 
inspection of ordnance materials by F. 
Rogers in 1905.2 Since that time, the 
use of mercury salt solutions for detect- 
ing stresses has steadily grown until it is 
now universal. 

Most of the literature dealing with this 
subject is not directly applicable to ord- 
nance inspection. In testing small arms 
ammunition cartridge cases, for example, 
adefinite number of cases representing a 
production lot are prepared by pickling 
i a solution containing 40 per cent by 
volume of nitric acid (sp. gr. 1.42). The 


mas Bresentation of this paper at the mocting 
y Committ -§ 

Alloys, Cast A —— ee on Copper and Copper 

ist, ive 
and G. L. Thirkell, “Season Cracking,’ 
» Inst. Metals, Vol. 22, pp. 67-91 (1919). 


pickled cases are then immediately im- 
mersed in a 1 per cent mercurous nitrate - 
1 per cent nitric acid aqueous solution for 
a specified period of time. When the 
immersion period is completed, the cases 
are removed, washed, and prepared for 
inspection by volatilization of the mer- 
cury from the cases. The cases are 
examined with the aid of a 10 to 20X 
microscope and the percentage of cracked 
cases reported. 

Most of the investigators have studied 
the mercury test by determining the time , 
required for cracks to develop in single 
samples. Ordnance inspection uses the 
mercury cracking test from the aspect of 
determining the percentage of failures in 
a definite number of samples after a fixed 
period of immersion. It has been neces- 
sary to correlate this information with 
time-to-crack results. 
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Previous work by Gisser* on develop- 
ing a method of replenishing the 1 per 
cent mercurous nitrate - 1 per cent nitric 
acid solution after one use, has been ex- 
tended for the replenishing of 10 per cent 
mercurous nitrate - 1 per cent nitric acid 
solutions. 


MATERIALS 


The investigation of percentage of 
cases to crack in a given period of immer- 
sion was conducted on caliber .30 car- 
tridge cases, manufactured in 1939, by a 
five-draw process which had all the oper- 
ations completed except that the primer 
hole had not been vented, the neck had 
not been annealed, and the stress relief 
anneal had not been applied. These 
cases contained residual stresses of a 
magnitude which produced different per- 
centages of cracked cases as the cracking 
power of the mercury solution was 
changed. 

The time-to-crack phase of this inves- 
tigation was conducted on caliber .50 
first-draw pieces which were manufac- 
tured in 1940 and had not been washed or 
annealed. These draw pieces were made 
with the same punch and die, from a 
single lot of metal, and in the unannealed 
state they contained residual stresses of 
high magnitude. 

The composition of both types of sam- 
ples conformed to the U.S. Army Speci- 
fication for Cups, Case; Cartridge Brass, 
No. 57-172-2A. 

In making the mercurous nitrate solu- 
tions, HgNO3-H20 crystals were used, 
allowing 6.5 per cent of the gross weight 
as water of crystallization. The crystals 
were dissolved in water previously acidi- 
fied with the required amounts of nitric 
acid. Solution of the crystals was ob- 
tained by gentle heating. The solutions 


3H. Gisser, “A Procedure for Replenishing Spent 
Mercurous Nitrate Solutions Used in Mercury Cracking 
Tests,” Report No. 53, Frankford Arsenal Ordnance 
Laboratory (1940). This report has not yet been pub- 
lished, but copies may be obtained by applying to the 
Commanding Officer at Frankford Arsenal. 


were stored in the presence of small addi- 
tions of metallic mercury in order to 
reduce any mercuric salts that might 
have formed.’ 

In all instances, the percentage of 
mercurous nitrate was expressed as the 
number of grams of mercurous nitrate 
per 100 ml. of solution.® 

All concentrations of diluted acids 
referred to in this paper are expressed as 
percentages by volume of concentrated 
acid. 

The sulfuric acid used in the prepara- 
tion of samples prior to immersion in the 
mercurous nitrate solutions had a spe- 
cific gravity of 1.84; while the phosphoric 
acid used in pickling had a specific 
gravity of 1.689. 

TESTING PROCEDURES 


Time to Crack: 


The time-to-crack tests were con- 
ducted*by immersing the caliber .50 draw 
pieces in 95 ml. of test solution con- 
tained in a 150-ml. beaker. Since the 
beaker was on a small turntable rotated 
by hand, all sides of the test specimen 
could be watched and the time for the 
first crack to appear noted. Time for 
the draw pieces to crack was measured by 
a 10-sec. sweep electric stop clock which 
could be read to tenths of a second. 

The effect of different cleaning 
methods and different pickling solutions 
on the time to crack was determined by 
measuring the time for the first crack 
to appear after immersion of the prepared 
draw pieces in 10 per cent mercurous Dl 
trate - 10 per cent nitric acid solutions. 

After the draw pieces had been prt 
pared by a standard method of cleaning, 
the effect of various pickling periods 

4 J. W. Mellor, ““A Comprehensive Treatise on 
and Theoretical Chemistry,” Vol. IV, pp. 984-997, la 
mans, Green and Co., Ltd. (1929). f : 

5 See the requirements for the mercurous nitrate test 
the specifications of the American Society for Test 
Materials, for example, the Tentative Specifications ® 
Copper and Copper-Alloy Seamless Condenser Tubes 2 


Ferrule Stock (B 111 - 40 T), 1940 Supplement to Book 
A.S.T.M. Standards, Part I, p. 396. 
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4) per cent nitric acid on the time to 
crack was determined. The standard 
method of cleaning was as follows: Dip 
for 5 min. in carbon tetrachloride, rinse 
in alcohol, wash in water, dip for 5 min. 
in 12 per cent sulfuric acid, and follow 
with a water rinse. 

The effect of nitric acid and mercurous 
nitrate concentrations was studied by 
preparing the draw pieces by the standard 


loaded Specimen Holder Water 42% Nitric AcidjBath 
in HgNOs Solution Rinse 


Stainless Steel Holder 


3 Stainless Steel 
loaded with Test Specimens 


Specimen Holder 
Fic. 1.—Apparatus for Determination of Per- 
centage to Crack. 


method, pickling 60 sec. in 300 ml. of 
4) per cent HNOs, and immersing them 
in the various test solutions. The time 
to crack was measured. 


Percentage to Crack: 


The tests conducted with the caliber 
5 cartridge cases were made on lots of 
W cases ata time. The cases were held 
ina definite arrangement by a special 
fixture made of stainless steel (see Fig. 1). 

Pickling was done in 3000 ml. of 40 per 
‘ent nitric acid for 30 sec.; immediately 
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after pickling the specimens were vigor- 
ously rinsed in water and placed in 
2500 ml. of the test solution with the 
least possible delay. On completion of 
the immersion period, the cases were 
removed from the solution, rinsed in 
water, wiped, and placed on a hot plate 
for volatilization. Examination for 
cracks took place immediately after 
volatilization and air-cooling. This ex- 
amination of the cases was done with a 
20X wide-field binocular microscope. 

For cases tested in solutions containing 
more than 1 per cent mercurous nitrate, 
it was found necessary to shake the 
excess mercury off the cases before vola- 
tilization; otherwise, considerable diffi- 
culty was experienced in volatilizing the 
mercury. It was also necessary to wipe 
off the scum which accumulated on the 
cases during the test to prevent discolora- 
tion of the cases during volatilization. 

Titration for percentage of mercurous 
nitrate was carried on by diluting a given 
volume of sample, acidifying with nitric 
acid, oxidizing the mercurous ions to the 
mercuric state with an excess of potas- 
sium permanganate, reducing the excess 
with ferrous sulfate, and titrating to a 
faint red color with standardized potas- 
sium thiocyanate. 

Replenishment of 1 percent mercurous 
nitrate solutions was conducted in ac- 
cordance with the procedure outlined in 
Frankford Arsenal Laboratory Report 
No. 53.3 To replenish the 10 per cent 
mercurous nitrate solution, a 50 per cent 
mercurous nitrate - 5 per cent nitric acid 
solution was used and the number of 
milliliters of this solution to use per liter 
of spent solution was obtained from a 
modification of the formula developed in 


report No. 53.° 
Discussion OF DATA _ 


The necessity of preparing test speci- 
mens prior to immersion in mercurous 
nitrate solutions has been controversial. 
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In order to determine whether the pickle 
of 30 sec. in 40 per cent nitric acid as 
required by U. S. Army specifications 
was warranted, the tests shown in 
Table I were conducted. These results 
show that a requirement of a pickle is 
justified. It is sometimes agreed that 
samples should be tested in the mercu- 


TABLE I.—EFFECT OF SPECIMEN PREPARATION. 
Time in Seconds to Crack in 10 per cent HgNOs - 10 per cent HNO; Solution. 


ROSENTHAL AND 2 4 7 


acid pickling solution to avoid contamj. 
nation of the test solution by a cary. 
over from the pickling solution. 

The information contained in Table ]| 
shows a variation of cracking time with 
the time of pickle. This indicates the 
necessity for controlling the pickling time 
to avoid inconsistent results caused by 


Draw Pieces......... 


No Treatment 


5-min. naphtha dip 
Alcohol rinse 
Water rinse 

. 5-min., 12 per cent 

Preparation of H2SO; dip 

Water rinse 


5-min. carbon tetra- 
chloride dip 
Alcohol rinse 
Water rinse 


5-min., 12 per cent Sate. 
H di 


in 75 per | 60-sec. dir 


2 dip i t 
Water rinse r cent ENO 


30-sec. dip | 30-sec. dip | 60-sec. dip 
in 40 per 
cent 


cent HNO; 


in 40 per in 40 per 
Os | cent HNOs | cent HNOs 


Number of tests... ... 5 
Average nocracks 

900 


Minimum............ sec. 
Coefficient of variation, 

per cent 


TABLE II.- EFFECT OF PICKLING PERIOD. 
Time to Crack in Seconds in 10 per cent HgNOs - 10 per 
cent HNOs Solutions. 


Seconds in 
40 per cent Test 


Average 
HNO: Pickle | 


— 


Oo 

CRO 


RAR 


rous nitrate solutions in the condition in 
which they are to be placed in service. 
This method is not acceptable when it is 
realized that films that are impervious 
to solutions are not necessarily imper- 
vious to gases. 

Since the data in Table I reveal no 
great advantage in using other pickling 
solutions, it is desirable to use a nitric 


TABLE III.—EFFECT OF HgNO; AND HNO; 
CONCENTRATIONS. 
Time to Crack in Seconds in HgNOs Solutions Using 
Standard Cleaning Method and 60-sec. HNOs Pickle. 


Number of 
pieces tested. | 23 23 23 | 100 


concen- 
tration, per 
cent... 

HgNOs concen- 
tration, 

10 


Average...... q 
Median....... 6. 
Maximum 6. 
Minimum..... | 4. 


4. 


Remarks.—Thick coafing of mercury and bubbles made 
cracks hard to detect in the 20 per cent mercurous nitratt 
solutions. 

@ Adid was added to keep the salts from crystallizing out; 
approximate concentration was 3 per cent. 


removing surface metal layers in whicl 
high stresses may be present. Expetr 
ence has shown that a 30-sec. still pickle 
is sufficient to remove ordinary surface 
films without appreciably attacking the 
basis metal, provided no grease or oil 5 
on the surface of the metal. It is neces 
sary to degrease before pickling if ail 
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and grease are present, since pickling is 
seriously retarded and erratic results are 
obtained. 

It has been stated in the literature that 
nitric acid concentration, and not mer- 
cury salt concentration, is the variable 


TABLE IV.-THE EFFECT OF HgNO: AND HNOs 
CONCENTRATION IN THE TEST SOLUTION. 


15-min. Immersion Period. 


Percent- 
age of 
Specimens 

racked 


| | HNOs, 
percent | percent Samples 
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concentration solutions would tend to 
be more self-pickling. 

Cracking of the cases invariably took 
place just above the extractor groove (K 
position), which simplified the examina- 
tion for cracks. Since the necks had not 
been annealed, this part of the case 
cracked 100 per cent in all lots. All 
references to cracks found refer to those 
located in the K position. 

The results in Table V show that a 10 
per cent mercurous nitrate solution loses 
some of its cracking power when its 
mercury concentration has dropped 
below approximately five per cent. In 
order to be sure the mercury concentra- | 
tion is always above this percentage, a 


TABLE V.—THE EFFECT OF DEPLETION OF HgNO;: ON CRACKING POWER OF TEST SOLUTIONS. 
15-min. Immersion Period. 


Series I 


Series II Series III 


Series IV Series V 


Average of Series I to V 


H® H® 


Per- 
centage 
H® H 


ce 


* C = Percentage specimens cracked. 
H = Percentage HgNOs. 


which determines the cracking power of 
mercury salt solutions.® 

Tables III and IV show that the mer- 
cury salt concentration of a solution, and 
not the nitric acid concentration, is the 
influential component. The 10 per cent 
mercurous nitrate solution has a much 
greater cracking power than the 1 per 
cent mercurous nitrate solution. The 
investigators who found that increased 
acid concentration caused an increase in 
the cracking power of the test solution 
evidently did not pickle their specimens 
prior to testing. Therefore, an apparent 
increase in cracking power is to be ex- 
pected in view of the fact that high acid 

‘J.D. 


: Jevons, “The Metallurgy of Deep Drawing and 
Pressing,” John Wiley and Sons, New York, N. Y. (1940). 


outlined in this paper.’ 


solution should be replenished after each 
use. Ifsamples of small surface area are 
to be tested, small volumes of solution 
can be used and the spent solution saved 
until sufficient quantities are on hand to 
warrant the time to titrate and replenish 
thesolution. All stored solutions should 
contain metallic mercury in order that 
the solutions remain in the mercurous 
state. 

The information contained in Table VI 
and Fig. 2 shows that 10 per cent mer- 
curous nitrate solutions may be re-used 
up to at least 13 times if the solution is 
replenished after each use by the method 
The re-use of 
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replenished 1 per cent solutions has been 
investigated by Gisser.* He states that 
1 per cent mercurous nitrate solutions 
may be replenished and re-used until the 
copper content increases to 0.25 per cent, 
at which time the copper interferes with 
the titration method used in replenish- 
ment of the solution. 

An analysis of the used 10 per cent 
mercurous nitrate solution after the thir- 
teenth lot of cases had been tested in the 
solution showed that the copper and zinc 
replacement of the mercury in solution 
was of the ratio of 70 parts of copper to 
30 parts of zinc. Calculations of the 
amount of mercury depleted from the 
solution in 13 tests and the amount of 

TABLE VI.—EFFECT OF COPPER AND ZINC 
ACCUMULATION IN REPLENISHED TEST 
SOLUTION. 
15-min. Immersion Period. 


Percentage | Percentage 


HgNOs Cracked 


X | Y xX Y 
Series |Series |Series [Series | age 


| 
| 


| 


SSSSSeSSoeSS 
LO 


No. 1 
No.2 
No.3 

No. 4 


copper and zinc in the solution showed 
that the copper and zinc were ionized to 
the “ic” state and replaced two atoms 
of mercury for each atom of copper and 
zinc dissolved into the solution. 
Table VII presents information on the 
cracking power of 1 per cent mercurous 
nitrate solutions for given immersion 
periods. From this table it can be seen 
that a 60-min. period of immersion ina 
1 per cent solution is more searching than 


TABLE VII.—EFFECT OF TIME OF IMMERSION ON 
CRACKING POWER OF TEST SOLUTION. 


Per- 
Immersion) Per- Per- 


Lot Period, | centage 


min. HgN e- 
pleted 


Average 


Average 


No. 1 
No. 2 
No. 3 


Average 


Average 
aN ominal per cent. 
bReplenished solution. 


@ 


\ 
\ 


\ 


Series X 
Series Y= 


N 


Average 


Cases Cracking (15-Min. Test), per cent 
N 
o Oo 


= 


6 786 9 10 


Number of Times Replenished 
Fic. 2.—Effect of Re-Use of Replenished 10 per cent HgNOs Solution on Cracking Power. 
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4 15-min. immersion in a 10 per cent 
solution. 

Table VII also shows that a longer 
period of immersion is more consistent 
than a shorter period test. This can 
best be seen by comparing the results of 
first run lots in Table IV with the results 
ofthe 60-min. tests in Table VII. The 
percentage of cracked cases in the test 
with 15-min. immersion in 10 per cent 
mercurous nitrate solution varied from 
22 to 40, while in the test with 60-min. 


TABLE VIII.—EFFECT OF TEMPERATURE ON 
CRACKING POWER OF TEST SOLUTION. 
60-min. Immersion Period. 


Tem- | | 
pera- | Per- 
Number) ture of | Per- Per- | centage 
of Solu- [centage centage | HgNOs 
Samples' tion, |Cracked|; HgNOs| De- 
deg. | pleted 


sss 


aA Rew 


Average... 


ese 


immersion in 1 per cent mercurous 
nitrate solution the percentage of cracked 
cases varied from 30 to 38. Since it is 
an accepted fact that long-time tests are 
more consistent than short-time tests, 
these results are more or less to be 
expected. 

The results shown in Table VIII do 
hot agree with the results of certain other 
investigators. Mr. Croft® states that as 
the temperature of the mercurous nitrate 
solution increases, the cracking power 
of the solution increases. From data in 
I able VIL, it appears that there is a 


' Private communication from H. P. Croft, Chief Metal- 
urgist, Cleveland Plant, Chase Brass and Copper Co. 
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maximum cracking power at about room 
temperature (70 F.). The effect of tem- 
perature was investigated on 1 per cent 
solutions for a 60-min. period of immer- 
sion. This test was used as it gave the 
most consistent results of all the tests 
investigated in this paper. The tem- 
peratures were held constant by using 
an ice bath for the 34 F. test and a ther- 
mostatically controlled electric oven for 
the 110 F. test. The temperature of the 
ice solution did not vary more than 
4 deg., while the temperature of the oven 
was held at 110 + 3F. 

The effect of time the mercury re- 
mains on the specimens after the test 
period was completed was investigated 
by Murdza.’ He used the percentage of 
cases to crack after a 15-min. immersion 
period in 1 per cent mercurous nitrate 
solution and subsequent lapse of time 
before inspection. Since these data were 
in agreement with experience acquired 
during routine testing at Frankford 
Arsenal, duplicate tests were not con- 
ducted. 

All cases were volatilized free of mer- 
cury in order to avoid overlooking any 
fine cracks which otherwise might be 
bridged by the mercury coating. Ex- 
perience at Frankford Arsenal has shown 
that volatilization of mercury is neces- 


sary to inspect ordnance materials. _ 
CONCLUSIONS 


From the information accumulated in 
this investigation the following may be 
concluded. 

1. When testing copper-base alloys for 
excessive stresses by the mercurous ni-’ 
trate solution method, a standard prepa- 
ration of the sample should be required. 
A good surface conditioner such as a 40 

9N.H. Murdza, “‘Study of Some Variables Affecting the 
Results of Mercury Cracking Test as Applied to Small 
Arms Cartridge Cases,’’ Report No. 32B, Frankford Arsenal 
Ordnance Laboratory (1940). This report has not yet 


been published, but copies may be obtained by applying 
to the Commanding Officer at Frankford Arsenal. 
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Average... } 1.2 0.9 
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“ cent nitric acid pickle for 30-sec. _ it will not react with the specimens or the 
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should be specified. mercury coating. 
2. The mercurous nitrate solutions 6. The ratio of solution volume to syr. 


= 


should be made from crystals which have 
a known water of crystallization so that 
allowances can be made for its weight. 
The crystals should be dissolved in dilute 
aqueous acid solutions with as little 
heating as possible. Precaution should 
also be taken to reduce any oxidized salts 
to the mercurous state by storing the 
solution in the presence of metallic mer- 
cury for at least 24 hr. 

3. Immersion for 60 min. in 1 per cent 
mercurous nitrate solution should be 
specified unless it is necessary to obtain 
results in a shorter length of time. Use 
of high mercurous nitrate concentrations 
for shorter periods to obtain equivalent 
cracking power can only be justified 
when time is at a premium. 

4. The re-use of replenished 1 per cent 
mercurous nitrate solutions is allow- 
able, provided the copper concentra- 
tion is lower than 0.25 per cent. The 
method developed at Frankford Arsenal 
‘is a very easy method of replenishing 
spent solution. 

The acid concentration of the solu- 
tion is not important except that it 
should be limited to such an extent that 


face area exposed should be at least ip 
the order of 10 ml. of solution to { 
sq. in. of surface area exposed to the 
solution. 

7. The solution should be maintained 
at room temperature (70 + 10 F.). 

8. Specimens should volatilized 
free of mercury, prior to inspection, ata 
temperature not exceeding 500 F. Sam- 
ples should be washed to remove scum 
so that there is as little discoloration of 
the specimens as possible. 

9. The specimens should be examined 
with the aid of a X10 to 20 magnifying 
glass or microscope. 


Acknowledgment: 


It is the authors’ wish to express their 
appreciation to Major L. S. Fletcher, 
Frankford Arsenal; Major H. P. Croft, 
O. R. C. Chase Brass and Copper Co.; 
and R. D. France, Frankford Arsenal, 
for their suggestions and advice in con- 
ducting this investigation. 


Note.—An extensive bibliography has been 
prepared to be appended to this paper but it 
has not been found possible to include it i 
the preprint. However, the bibliography wi 
appear with the paper as finally published. 


{See Bibliography on Season Cracking, p. 918.—ED.| 
[See Joint Discussion, p. 927.—ED.] 
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INFLUENCE OF EXTERNAL STRESSES ON TENDENCY OF BRASS WIRES 
TO STRESS-CORROSION CRACK, AS INDICATED BY THE 
MERCUROUS NITRATE TEST! 


By Harry P. Crort? 


SYNOPSIS 


This paper shows that the tendency of brass wire to stress-corrosion crack, 
as indicated by the mercurous nitrate test, depends not only upon the degree, 
but also on the type of cold work, and that this tendency attains a peak 
value at a certain degree of cold reduction in drawn wires, which phenomenon 
is not paralleled by wires that have been cold-worked by stretching. The 
fact is also demonstrated that the accelerating influence of increasing grain 
size on the tendency to stress-corrosion crack, previously shown by Morris* 
as important in externally stressed annealed metal, actually continues to be 
a strong factor in influencing time to crack in metal that has been cold-worked 
by drawing or stretching after annealing. This influence continues to have 
such a tendency even in wires that have been cold-drawn and subsequently 
given a low-temperature or “relief” anneal after the drawing operation. 


This work on stress-corrosion cracking 
of brass was undertaken at the request 
of the Ordnance Department of the 
United States Army, as it had been found 
that some ordnance material was subject 
to stress-corrosion cracking after being 
kept in storage for extended periods. 
This portion of the results is submitted 
before the completion of the investiga- 
tion because it is felt that this informa- 
tion could be used at the present time 
in the defense program. 

There has been a vast amount of work 
carried out on the subject, some two 


, portion of a dissertation which will be presented to 

ful of Case School of Applied Science in partial 

Ph oo of the requirements for the degree of Doctor of 

r The presentation of this paper at the annual meeting 
a8 sponsored - Committee B-5 on Copper and Copper 
Alloys, , Cast and Wrought. 

C Assistant Director of Research, Cleveland Plant, 
sak and Copper Co., Cleveland, Ohio. 

orris, “Stress-Corrosion Cracking of Annealed 
asses,” Transactions, Am. Ins . Mining and Metal- 
tgical Engrs., p. 256 (1930). 


hundred references having been cited in 
a bibliography prepared at Frankford 
Arsenal.* 

Since the exact time of cracking is 
often difficult to observe in samples that 


are merely internally stressed and tested 


in the standard mercurous nitrate solu- 
tion, because of screening of the cracks 
by a deposited layer of mercury, and 
since considerable scattering of results is 


found in any such series of tests made on — 
samples prepared on a commercial basis, _ 


due to slight unnoticeable irregularities, 
it was decided to use a method of im- 
posing external loads on brasses of vari- 
ous characteristics so as actually to 
fracture the specimens to indicate defi- 
nitely the time of cracking. 

Round wires were selected for the first 


H. Rosenthal and A. L. Jamieson “Mercury Cracking 


Test, Procedure and Control,’’ see p. 897. 
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part of the investigation, in order to 
minimize the number of variables by 
having only one dimension involved. 
These wires were held in tension under 
predetermined loads while being exposed 
to the corroding media. 


AND MATERIALS 


The apparatus employed (Fig. 1) was 
a modification of that used by Morris,’ 


which has been employed by Crampton 


CO) 


Fic. 1.—Stress-Corrosion Apparatus Used in De- 
termining Cracking Tendency of -Brass Wires 
Under Tension in Mercurous Nitrate 
Solution. 


and his associates in the main laboratory 
of the Chase Brass and Copper Co. at 
Waterbury, Conn., for other unpublished 
investigations. This equipment con- 
sisted of three units, each having a lever 
arm capable of holding the wire in ten- 
sion under any desired loads, which were 
obtained by means of 10-lb. weights 
added at the end of the arm. Ratios of 
8 to 1 and 10 to 1 were obtainable by 
changing the location of the load, and a 


sliding weight on the lever allowed for 
application of intermediate loads. 

The solution was held in contact with 
the wires by means of bakelite tubes 3 
in. in inside diameter and 8 in. long. 
seated vertically around the wires on 
unused rubber stoppers through which 
the wires had previously been threaded, 

Timing of the cracking period was 
carried out with electric clocks, located 
at the ends of the lever arms. As the 
samples broke, releasing the levers, the 
switches, which were located in the paths 
of the ends of the arms, were opened, 
stopping the clocks. In addition to this, 
an electric timer with a ten-second sweep, 
readable to tenths of a second, was used 
for samples which broke on short ex- 
posures. This timer was started and 
stopped by a finger switch. 

At the time that this investigation was 
undertaken, considerable discussion had 
arisen concerning the merits of the mer- 
curous nitrate test as compared to that 
of ammonia vapor. Since the control 
of concentration of the nitrate solution 
is more easily maintained, it was de- 
cided to carry out the first part of the 
investigation using this medium. Ac- 
cordingly, a solution containing 10 per 
cent mercurous nitrate and one per cent 
nitric acid was employed, because, due to 
preliminary work at Frankford Arsenal 
by A. Jamieson and the author, it had 
been decided that this solution would be 
standard for future tests. The exact 
composition was: 

HgNO;-H,0 
HNO; (sp. gr. 1.42) 
H,0 


Cartridge brass wire of 0.109-in. diam- 
eter was employed for the tests. One 
series also was run using 65-35 common 
high brass wire in which no beta col 
stituent was visible under microscopic 
examination. The common high brass 
series was merely used for a check, and 
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TABLE I.—COMPOSITION OF WIRES. 


Cartridge 


High Brass 


, per cent 
, per cent 
Iron, per 
Zine, per 


4 By difference. 


the results were found to be within the 
range of the 70-30 wires tested under the 
same conditions. The exact composi- 
tions are given in Table I and the tensile 
strengths in Table II. 

The soft wires were prepared by draw- 
ing the wires six B. & S. numbers hard 
to the finish size and annealing them in a 
convection type air-heated furnace, with 
the coils of wire directly over the thermo- 
couple. Relief annealing was carried 
out in a laboratory size Lindbergh Cy- 
clone Furnace. 

The cold-stretched wires were also 
reduced six B. & S. numbers hard to the 4 
ready-to-finish size, at which time after : 
annealing they were given a flash pickle 
in cold 10 per cent sulfuric acid, rinsed, 
and pulled on a wire testing machine the 


amount required to obtain the desired 
temper in a diameter of 0.109 in. The 
stressed wires, after having been pulled 
to predetermined diameters, were fas- 
tened to supports and cut from the jaws 
of the testing machine. It was also 
necessary to apply the loads gently in 
order to avoid strains in excess of those 
desired. For check purposes, one series 
was given a flash dichromate dip, after 
pickling, in a solution containing 0.25 lb. 
of sodium dichromate per gallon of 10 
per cent sulfuric acid. 

The cold-drawn material was also 
reduced six B. & S. numbers hard to the 
ready-to-finish size, annealed, pickled, 
and drawn to the finish size through a 
tungsten carbide die having an included 
angle of 30 deg. All wires were wrapped 
as soon as processed and kept in this con- 
dition until tested. ‘To minimize oxida- 
tion, they were tested as soon as possible 
after fabricating. It had been deter- 
mined that no appreciable relief or re- 
distribution of stresses took place upon 
standing, but the amount of oxide does 


TABLE II.—MECHANICAL PROPERTIES OF BRASS WIRE. 


Nominal Temper, B. & S$. Numbers Diameter, in. 


Relief annealed 
‘Relief annealed 


5 
Relief annealed, deg. Fahr 


Grain Size, mm. 


partially recrystal- 
lized 


Tensile Strength, psi. 


Drawn Stretched 


0.140 45 000 
44 900 
50 100 
52 500 
54 100 
58 900 
64 300 
69 700 
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cact 0.109 59 600 
0.109 62 200 
eis 0.109 0.140 108 600 { 
0.097 0.070 65 500 
0.101 0.020 82 500 
0.101 0.020 83 100 
(ne 0.109 0.040 64 100 
(350 0.109 0.040 64 200 — o> 
mon 00 0.109 0.040 66 900 ‘ca : 
50 0.109 0.040 63 700 
con- Fd 0.109 0.040 63 200 eae i 
50 0.109 0.040 63 200 
opic 00 0.109 0.040 61 600 are 
ras 50 0.109 0.040 60 500 
00 0.109 54 100 
and 


increase, and due to the fact that any 
removal of metal by pickling of the 
‘finished wire containing internal stresses 
redistributes these stresses, it was de- 
_ sirable to test these wires without ad- 
_ ditional pickling. The cold-drawn wires 
“were prepared for testing by cleaning 
with liquid ether, followed by vapor 
degreasing with ether gas. 
Temperature control was found by pre- 
_ liminary experiments to be very impor- 
_ tant. The results of some of these tests 
are given in our comments on Rosenthal 
and Jamieson’s paper.® We conse- 
quently controlled the temperature of the 
room at 70 + 5 F., and almost all of 
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at room temperature, were introduced as 
rapidly as possible into the bakelite 
tube, and the timer was started simul- 
taneously. 

Some wires loaded beyond their yield 
strengths stretched during the loading. 
As was to be expected, such stretched 
wires cracked in shorter periods than 
those which were subjected to lighter 
loads. Distinct creep was noticed dur- 
ing the testing of some annealed and 
some slightly hardened wires, the amount 
depending upon the external load as well 
as the original temper. 

Some wires necked down from a frac- 
tion of a second to a few seconds before 


BY COLD STRETCHING. 


j TABLE III.—CRACKING TENDENCY IN MERCUROUS NITRATE SOLUTION OF BRASS WIRE HARDENED 


Wire Diameter, 0.109 in. 


External Load, psi. 


Cracking Time, sec. 


Approximate & we 
Te... % % 1 1% 
Annealed 
Reduction of area aly stretch- 
_ing, percent....... 5 8.5 16 21 28 
20 000 4 980 22 400 31 500 82 400 19 900 72 000 
23 000 b iete 3 860 9 400 14 200 14 800 29 800 
28 500 12.3 131 779 813 968 2 440 
33 500 23.6 $2.3 117 168 
37 000 5.2 26.9 83.9 431 
45 000 6.0 11.9 17.5 
55 000 es 3.9 


these tests were carried out at a tempera- 
a ture of 70 + 2 F. 

It was found necessary to have the 
wires absolutely free from any minute 
stratches or kinks, as the presence of 
such stress raisers influenced the time of 
cracking considerably. 


Test METHODS 


The load was applied by passing the 
wire through a split drum, which was 
revolved to produce the necessary ten- 
sion and then locked in place by a nut 
on the end of the shaft. Thirty milli- 
liters of the mercurous nitrate solution, 


5 See p. 897. 


breaking. The drawn wires, however, 
broke sharply. The fractures of the 
test specimens occurred anywhere from 
the junction of the wire with the rubber 
stopper to the “water line,” but the 
majority failed between these extremes. 


Discussion OF DATA 


In tests such as these, there are three 
or more effects taking place simultane 
ously: 

1. The solution of an outside layer 
of the wire, the amount going into 
solution depending upon the time 
before failure. This was checked by 
diameter measurements of some wirés 
which lost several thousandths of a 
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inch under exposures of the order of 
one or more weeks. 

2. Formation of a mercury amalgam. 
The formation of an amalgam of ap- 
preciable thickness was indicated by 
tests of unstressed samples coated 
with mercurous nitrate solution for 
various periods, then frozen with 
liquid air, and pulled in a tension test- 
ing machine while still frozen. Since 
the physical properties decreased 
slightly in proportion to the time of 
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been plotted on semilogarithmic and 
reciprocal-square scale charts to empha- 
size the significance of the short-time 
failures. 

The effect of the degree of cold working 
on the cracking tendency of stretched 
wires is shown in Fig. 2. The results for 
this series of tests are given in Table ITI. 
The fact that the wire would not stretch 
beyond 28 per cent without fracturing 
prevented the higher values from being 
investigated. Up to this point, the 


20,000 psi. 


sec 


Cracking Time 


23,000 
— 
=== = 3 

= 

45,000 psi. 
3 

55,000 psi. 


25 30 3 


Wire diameter, 0.109 in.; previous grain size, 0.140 mm. 


exposure, it is believed that such an 
amalgamation occurred. 
J. The cracking leading to rupture. 
Failure occurred in these tests when, 
due to the combined effect of these three 
factors, the externally stressed cross-sec- 
tional area was reduced to such a size 
that its tensile strength was equalled by 
the constant external load. This often 
occurred immediately after the yield 
strength was exceeded. Since the first 
two effects were of small importance in 
testing specimens which failed in a short 
lime, and since this importance increased 
with the time of the test, the results have 


greater the amount of cold work, the 
lower is the tendency to crack. The 
cracking tendency increases rapidly with 
increase of load. While wires that are 
hardened by cold stretching might be 


considered to be stressed uniformly . 


throughout, this is not strictly true, as 
the outside grains are only partially sup- 
ported during the stretching, while inter- 
nal grains are of course supported on all 
sides. The data illustrated in Fig. 2 
have been replotted in Fig.3 as afunction 
of the external load, each curve showing 
the cracking tendency for a given degree 
of cold work. Below about 15,000 psi. 
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external load, the tendency to crack ap- 
pears to approach zero, as extrapolation 
of these curves indicates cracking periods 
of the order of a year. 

The results on the wires which were 
pickled before cold-stretching were du- 
plicated by tests made on wires which 
were pickled and given a flash di- 
chromate dip. This part of the method 
of preparation was evidently unimpor- 
tant, as any difference in the results was 
indistinguishable. 

The effect of similar loads on the crack- 
ing tendency of drawn wires finished with 
approximately the same reductions as the 
stretched wires is shown in Table IV and 
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(approximately 2 B. & S. Nos. hard) 
falling just below that for the 3.5 per 
cent reduction curve (} B. & S. Nos. 
hardness). These curves appear to have 
the same trend. By increasing the draw 
to 60 per cent reduction, (4 B. & S. Nos. 
hard) a very considerable drop in tend- 
ency to crack was experienced. The 
wires, instead of breaking at right angles 
to the direction of drawing, fractured at 
45 to 60 deg. to that direction and often 
cracked longitudinally before breaking in 
tension. This was probably due to the 
fact that the circumferential stresses 
exceeded the combined internal and ex- 
ternal longitudinal stresses. The tend- 


TABLE IV.—CRACKING TENDENCY IN MERCUROUS NITRATE SOLUTION OF BRASS WIRE HARDENED 
BY COLD DRAWING. 


Wire Diameter, 0.109 in. 


External Load, psi. Cracking Time, sec. 
Approximate temper, B. & S. 
Reduction of area by drawing, 
3.5 8.0 16 21 28 40 60 84 
1070. 12.0 18.7 12.0 13.5 10.9 46 943 000 
5 330 12.0 6.6 7A 3.5 25 athe 
10 900 14.5 11.0 6.7 8.6 8.0 23.8 <aRe 
12 000 15.1 13.9 5.9 6.0 9.0 18.2 
19 600 x 7.0 5.4 4.9 14.0 19.9 
23 000 8.3 6.2 5.3 4.5 7.4 9.9 
28 200 10.1 6.5 4.4 | 5.6 5.7 23.4 eaten 
33 700 2.5 3.7 a 4.9 6.1 12.7 Pree ree 
55 100 93 600 
289 
Fig.4. Here the cracking tendency for ency of the 8 numbers hard, or spring 


reductions between 3.5 and 40 per cent is 
uniformly high for low external loads 
and increases but slightly with additional 
loading. With external loads exceeding 
the yield points, where some stretching 
may have taken place, the time of crack- 
ing decreases rapidly, the exact effect 
probably being masked by difficulties of 
manipulation in carrying out tests where 
the cracking times were less than 5 sec. 
The tendency to crack increases with the 
degree of cold reduction up to the 21 per 
‘ent reduction curve and then falls off 
again, the 40 per cent reduction curve 


= 


temper, wire to crack was even less than 
the 4 numbers hard wire; in fact, with 
light loads, samples did not fail in over 
1,000,000 sec., at which time the tests 
were terminated. 


That a critical degree of reduction 


resulting in a minimum cracking time 
exists for drawn wire is shown more 
clearly in Fig. 5, in which values from 
Figs. 3 and 4 for an external load of 
25,000 psi. have been plotted as a func- 
tion of the degree of cold working. The 
cracking tendency of the stretched wires, 
starting with a high value for low reduc- 
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Fic. 5—Effect of Various Amounts of Cold Reduction on Cracking in Mercurous Nitrate of Stretched 
and Drawn Wires Subjected to 25,000-psi. External Load. 


D awn wire diameter, 0.109 in.; previous grain size, 0.140 mm. Diameter of Linicus-Sachs wire, 0.118 in 


denc 


ien 


nN 


Longitudinal Stress , 1000 psi 
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Fic. 6.—Average Tensile Strength of the Core and Outer Skin of 0.118-in. Diameter Drawn Brass 
Wire as a Function of Percentage of Cold Reduction. ; 
W. Linicus-G. Sachs, Sup. Issue XVI, Mitteilung Deutsches Materialprifungsamt Berlin (1931). 
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tions, falls off uniformly to the 28 per 
cent reduction, which was the maximum 
stretch obtainable by this method. 

The curve for drawn wires, on the 
other hand, shows a medium cracking 
tendency for light reductions, and this 
tendency increases with the degree of 
reduction, reaching a maximum in the 
neighborhood of 21 per cent reduction 
and then falling off rapidly to a very low 
value at the 60 per cent reduction 
ofarea. The curve roughly parallels one 
given by Linicus and Sachs,* which has 
been superimposed on this chart. They 
located a similar peak in the amount of 
stress in wires of 0.118-in. diameter, 
drawn through a 32-deg. angle die. 
Their method of determining the stress 
was by holding the wires firmly and 
shaving off one half of the section, cal- 
culating the residual stress from the 
amount of bending that followed the 
release of the ends of the wire. It would 
be expected that the peak in the cracking 
time curve would coincide with that of 
the curve for stress determination, and 
that these curves would parallel each 
other. Linicus and Sachs’ work was 
done on brass wire containing 63 per cent 
copper and 37 per cent zinc, and no 
mention is made of the presence or ab- 
sence of the beta constituent. They 
have determined that this residual stress 
resulted from the difference in the tensile 
strength between the outer skin and the 
ore of the wire, their results on this 
letermination being shown in Fig. 6. 
Here again, the curve showing difference 
n tensile strength parallels roughly the 
Linicus-Sachs stress curve and_ the 
iuthor’s cracking time curve for a die of 
the same included angle, shown in Fig. 5. 
The area between the curve for the 
fawn wire and that for the stretched 

ire in Fig. 5 probably represents the 


*W. Linicus and _G. Sachs ‘Experiments on the 
erties of Drawn Wires,’’ Supplemental issue of Mit- 
Materialpriifungsamt (1931); also in 
Plastische Verformiing,” Handbuch der Experi- 

physik, Band S, Leipzig (1930). 
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amount of stress resulting from the non- 
uniform flow through the die. 

It is possible that in imposing external 
loads on the drawn wires, which were 
only stressed internally, these residual 
stresses are redistributed in such a 
manner that the outer fibers do not ex- 
ceed the yield strength until the entire 
cross-section attains that value, after 
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Fic. 7.—Comparison of Cracking Tendencies of 
Wires Cold-Stretched and Cold-Drawn 8 pert 
cent, Respectively, from 0.140-mm. Anneal. 


Wire diameter, 0.109 in. 


which the external loads affect drawn - 
wires in the same way as the stretched 
wires; that is, above the yield point, the 
curves might coincide with those of the 
stretched wires. Although this tend- 
ency may be indicated by the results 
obtained, it is difficult to prove, due to 
the fact that the yield strength of yellow 
brass wires of various tempers is a ques- 
tionable value and the subject of much 
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controversy. It is apparent, however, 
that the cracking tendency curves of the 
drawn wires meet those for the stretched 
wires which have been reduced the same 
amount at certain points (Fig. 7) at 
which the tendency to crack is quite high 
and t\at some regular trend which should 
_ be related to some mechanical char- 
acteristic of the wire is indicated. 


w 


Cracking Time, sec. 


10’ = 
20000 30000 40000 50000 60000 70000 


External Load , psi. 
Fic. 8.—Effect of Grain Size on Cracking Tend- 


ency in Mercurous Nitrate Solution of Brass 
Wire Cold-Worked by Stretching. 


Reduction of area, 21 per cent; wire diameter, 
0.097 in. 


Morris* snowed the effect of grain size 
on cracking time of annealed brass rods. 
This influence, as was to be expected, was 
confirmed for wires of the size and com- 
position investigated by the author. 
(Figs. 3 and 10.) Since season cracking 
in alpha brass and other metals has long 

. been known as a grain boundary phe- 
nomenon, there was reason to suspect 
that the influence of grain size was im- 


portant not only on annealed metals, as 
shown by Morris, but also on cold. 
worked metals. Further tests were 
accordingly made on wires of three dif. 
ferent grain sizes which had been cold- 
stretched various amounts. The results 
for 0.097-in. wire stretched 21 per cent 
are given in Table V and Fig. 8. The 
curves for the externally stressed wire of 
various grain sizes (shown as straight 
lines but probably slightly convex) are 
roughly parallel and show that wires 
with large grain sizes crack more 
rapidly than those with smaller grain 
sizes. Similar results were obtained 
with wires stretched to produce other 
degrees of reduction, but with lighter 


TABLE V.—EFFECT OF GRAIN SIZE ON CRACKING 
TENDENCY OF EXTERNALLY LOADED BRASS 
st 4 COLD-WORKED BY STRETCHING 21 PER 

— Wire Diameter, 0.097 in. 

External Load, 

psi. 


Cracking Time, sec. 


Grain size, mm.... t 0.070 


24 700 74 800 
28 700 24 700 
35 500 8 708 
42 200 819 143 000 
46 300 26 200 
55 800 . 60.2 11 800 
57 100 23.8 3 16 
64 300 347 


reductions the wire having 0.020 mm. 
grain size could not be made to crack 
during reasonable exposures. The effect 
of grain size on drawn wires given the 
same reduction and subjected to various 
external loads is shown in the upper half 
of Fig. 9, and the results are given 
Table VI. Here again, fine grain siz 
wires showed a considerable superiority 
over coarse in resisting the influence ©! 
mercurous nitrate. 

It might be expected that the influence 
of grain size would be eradicated bya 
low-temperature or relief anneal. This 
was investigated on wires of various 
drawn tempers and the results of two 
different grain sizes, 0.101-in. wite, 
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drawn 35 per cent and relief annealed 
for 20 min. at 450 F. are given in Table 
VII, illustrated in the lower half of Fig. 
9, Curves are shown for the 2 B. & S. 
Nos. hard wires finished from 0.090 and 
(020 mm. respectively, and for the 
same wires after being subjected to the 
relief annealing temperature. While an 
improvement in the resistance to crack- 


= 


50.040 mm: 
| 


crack of fabricated brass. As mentioned 
by a previous investigator,’ these are: 

1. The use of an alloy, richer in 
copper content than the yellow brasses, 
which is relatively immune to this 
type of attack. 

2. A reduction of internal 
stresses to a safe figure by cold work- 
ing operations which set up opposing 

TABLE VI.—EFFECT OF GRAIN SIZE ON CRACKING 
TENDENCY OF EXTERNALLY LOADED BRASS 
WIRE COLD-WORKED BY DRAWING 21 PER 


Wire Diameter, 0.109 in. 


External Load, 


psi. Cracking Time, sec. 


Grain size, mm.... 


sec. 


—Hard (0090 mm)— 
Relief. ~Annealed (0090mm) 

| Hard (0.020 mm) 


Cracking Time 


heljef-Annedled 3 
(0020 mm) 


= 
0 10000 20000 30000 40000 50000 
External Load, psi. 
Fic. 9.—Effect of Grain Size on Cracking Tend- 
ency in Mercurous Nitrate Solution. 
Upper half—0.109-in. Brass Wire Drawn 21 per cent. 


Lower half.—0.101-in. Brass Wire Drawn 35 per cent 
and Relief-Annealed at 450 F. 


ing by mercurous nitrate is shown in 
both cases, this was less than had been 
expected, and the effect of the grain 
‘we resulting from the anneal previous 
to the temper draw is still quite pro- 
nounced, the finer grain size material: 
showing a considerably greater im- 
munity to cracking. 

There are three usual methods of 
“ounteracting the tendency to season 


1070 

5 330 

10 800 
11 900 

19 400 

23 000 


TABLE VII.—EFFECT OF GRAIN SIZE ON CRACK- 
ING TENDENCY IN MERCUROUS NITRATE 
SOLUTION OF EXTERNALLY LOADED 0.101-IN. 
BRASS WIRE DRAWN 35 PER CENT AND RELIEF 
ANNEALED AT 450 F. 


External 


Load, psi Cracking Time, sec. 


Hard 
Annealed 


Hard 


Temper...... 
Annealed 


Relief 
Annealed 


Relief 
Annealed 


Previous 
grain size 


0.020 0.090 0.020 


44 


15.2 
21.8 
12.6 
12.4 
12.4 


314 

114.7 
93.7 
55.6 


49.4 


42.8 
34.6 


stresses; these include straightening, 

springing, and other forms of defor- 

mation. 
3. The use of low-temperature or 
stress “relief”? anneals. 

Since, as shown in Fig. 9, the relief 
anneal did not produce the expected 
resistance to cracking, specimens of 1 
B. & S. No. hard 0.109-in. brass wire 


7D. K. Crampton, ‘Internal Stresses and Season 
Cracking in Brass Tubes,” Transactions, Am. Inst. Mining 
and Metallurgical Engrs., p. 233 (1930). 


1! 

as | 
ere | 
lif- 
ent 
The 
> of 
ght 
are 
ires 
1/40 mm. 

her 
SSS 
iter ¢ } 13.5 135 
ING | 6.0 20.9 
PER 
4 
i 
= 
| 
200 
330 1s = 
4 18.3 i 
nm. 13 600 8.7 15.8 
| 12.4 : 
fect 33 400 
h 39 700 |__| 
the 41 400 ae 
half 
n in 
size 
yrity 
€ of 
ence 
by 4 : 
This 
rious 
two | 


CROFT ON INFLUENCE OF STRESSES ON BRASS WIRES 


Wire Diameter, 0.109 in. 


Time of Anneal, 20 min. 


Cracking Time, sec. 


External Load, psi. 
Hard 
Annealed 


450 F. 


500 F. 550 F. 600 F. 650 F. 


135 


43.1 
20.9 
10.3 
9.9 


that had been drawn 21 per cent from 
0.040 mm. were given anneals at tem- 
peratures ranging from 350 to 700 F. 
for periods of 20 min. after attaining 
furnace temperature. This particular 
temper was chosen as having the greatest 
tendency to crack of the drawn material. 
The results are given in Table VIII 
and illustrated in Fig. 10, the cracking 
time being again plotted as a function 
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Fic. 10.—Effect of Relief Annealing Tempera- 
ture on Cracking Tendency in Mercurous 
Nitrate Solution of Brass Wire Cold Drawn 
21 per cent from 0.040-mm. Grain Size. 


Wire diameter, 0.109 in. 


1560 2470 
88.5 337 3020 oa 
74.9 160 
59.0 105 3220 | 

41.0 296 1890 >80 Om 


of the external load for the various con- 
ditions. In attempting to catch results 
during an annealing operation between 
initial relief of stressesand the final stage, 
scattering results are to be expected; 
due to this and the lack of check tests, 
the data do not warrant an attempt to 
show anything more than a trend. As 
was to be expected, little change occurred 
with temperatures under 450 F. As the 
temperature of relief annealing was 
raised, however, the tendency to crack 
decreased, not suddenly, but in propor- 
tion to the temperature of the anneal. 
As the temperature increased, the wires 
tended to show greater resistance t 
cracking with low, external loads, ap- 
proaching the slope of annealed metal 
For comparison, a curve for 0.020-mm. 
annealed wire has _ been included. 
Microscopic examination showed that at 
700 F. recrystallization had taken place 
and these wires did not crack in over 
70,000 sec. It is evident, accordingly, 
that the degree of relief of stresses ina 
low-temperature anneal is dependent 
upon the temperature and time of the 
anneal, and that since such commercia 
anneals are given at a temperature an 
time at which little or no softening occurs, 
the internal stresses are not eliminated 
but are merely reduced to a figure that 
can be regarded as safe for materia 
which is to be put into service. If suct 
materials in service are external) 
stressed, they will still be more liable 
fail than if they had been given an anne! 
that produced complete recrystallization, 
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| TABLE VIII.—EFFECT OF RELIEF-ANNEALING TEMPERATURE ON CRACKING TENDENCY IN MERCt 
: ROUS NITRATE OF BRASS WIRE COLD DRAWN 21 PER CENT FROM 9.040-MM. GRAIN SIZE. 
| | 
| 350 F. 400 F. | 
\ 
= 20 44 
21.8 20.7 51.0 | 51.3 
20.5 26.2 | 48.5 86.: 
12.7 19.9 | 15.5 
1004 | 14.0 | 30.8 75.! 
of 
4 | 
4 
d ( 
{ 
— 
| 
/ 
di | | 
| 
| = 
= = 
107 — 


por- 
neal. 
vires 
to 
ap 
etal. 
mm. 
ded 
at at 
lace, 
over 
ngly, 
ina 
dent 
the 
arcial 
and 
curs, 
rated 
that 
terial 
such 
nally 
gle to 
nnea! 
ation, 


; CROFT ON INFLUENCE OF 


provided, of course, that the more fully 
annealed anteiiids were not stressed 
beyond the yield point. 


SUMMARY AND CONCLUSIONS 


1. The tendency of brass wire to 
stress-corrosion crack is influenced by a 
number of factors exclusive of the sur- 
rounding media. The most important 
are: 

(2) The magnitude and distribution 
of the residual stresses. 

(b) The external loading. = 

(c) The hardness. 

(d) The grain size. 

2. The greater the external load, the 
greater the tendency to crack. This 
holds true for annealed, cold-stretched, 
cold-worked, or cold-worked and relief- 
annealed wires. 

3. The external load increases the 
tendency of annealed or cold-stretched 
wires to crack to a considerably greater 
degree than it does that of cold-drawn 
wires. The types of these curves are 
quite different. 

4. Wires finished’ by cold drawing are 

inherently more susceptible to stress- 
orrosion cracking than those finished 

ith like reductions by cold-stretching. 
this holds true up to some point of 
ading, possibly the yield strength or 
earing some relation to that characteris- 
This discrepancy between cracking 
sceptibility of the two types of hard- 
ed wires is greater with low external 
ids, 

5. The cracking susceptibility of cold- 

fawn wires reaches a maximum at a 

ritical temper or degree of cold reduc- 

m. The location of this maximum is 
tected but slightly by the die angle. 
‘or the material investigated here, it is 

the neighborhood of 20 per cent. 
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6. The relief of stresses in a low-tem- 
perature annealing operation, as _ indi- 
cated by these aie nitrate tests 
on externally stressed pieces, does not 
take place suddenly and entirely at the 
point where the hardness and yield 
strength reach a ximum. On the 
contrary, these stre$ses and resulting 
tendency to crack decrease gradually as 
the temperature changes from some- 
where above room {temperature to the 
point at which complete recrystalliza- 
tion is effected. 

7. Grain size not jonly has a consider- 
able influence on the tendency of an- 
nealed wires to faij under loading, but 
also affects the tendency of drawn wires, 
cold-stretched wires, and cold-drawn 
and _relief-anneal wires in a_ like 
manner and to aj considerable degree. 
In any condition, the larger the grain 
size, the greater jthe tendency to fail 
under corrosion fyom mercurous nitrate. 
This influence ig so pronounced that 
quite severe corditions of stress are 
probably necessary to cause the season 
cracking in service of brass parts made 
from small grained metal. 
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JOINT DISCUSSION 


MEeERcuRY CRACKING TEST, PROCEDURE AND CONTROL 


By H. RosENTHAL 


AND A. L. JAMIESON 


INFLUENCE OF EXTERNAL STRESSES ON TENDENCY OF BRASS WIRES TO STRESS-CORROSION 
CRACK, AS INDICATED BY THE MERCUROUS NITRATE TEST 


By Harr 


Mr. Harry P. Crort! (presented in 
written form).—Messrs. Rosenthal and 
Jamieson have made a valuable con- 
tribution to the knowledge of the 
mercurous nitrate cracking test by 
showing the effects of the variables 
involved. 

As mentioned in their discussion of 
Table VIII, we have obtained results 
which lead us to believe that the time 
of cracking in mercurous nitrate is 
inversely proportional to the tempera- 
ture of the solution. The range of 50 
to 110 F. was investigated, first on 
drawn cups (the investigation being 
checked by a second operator), and 
these results are illustrated by the 
bottom two curves in the accompanying 
Fig. 1. Each point is the average of 
ten or more tests. The cups were drawn 
from a single strip bar of cartridge brass, 
the gage and annealing temperature of 
which had been carefully checked. The 
irst few cups drawn were discarded in 
order to allow for warming up of the 
press, so that the parts would be as 
uniform as possible. The lubricant was 
removed by an organic solvent, after 
which the cups were given a 30- sec. 

sulfuric acid pickle, rinsed three times, 
and dried. The nature of the draw 
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was such that it resulted in the cups 
cracking with an audible sound, so that 
there was very little doubt about the 
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Fic. 1.—Effect of Temperature on Crackability — 
of Stressed 70-30 Brass 


time of cracking. Since these results 
did not check with the findings at 
Frankford Arsenal, ten sections from 
each of two different tubes were tested 
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4 


at the four different temperatures. 
These tubes were of cartridge brass, 
one finished by a sinking operation, the 
other by a “poor” draw, that is, the 
diameter reduction was considerably 
higher than the gage reduction. Six- 
inch lengths were used, the ends being 
faced off on a lathe. Samples were 
entirely immersed. ‘The trend of these 
curves is all the same, indicating that 
the higher the temperature, the greater 
the cracking tendency. Since the action 
of the solution in promoting cracking 
is either chemical or electrochemical in 
its nature, we would expect to find some 
such temperature influence. 


4 


ence in solution potential could be over. 
come by an applied external potential 
making the sample the cathode, that 
stress corrosion could be prevented, 
The mercurous nitrate test is valuable, 
it seems to me, as a quick inspection 
test, but is not particularly desirable 
from the standpoint of the study of the 
mechanism of stress corrosion cracking. 
R. H. Brown, in the Aluminum Research 
Laboratories, made some measurements 
of the difference between the solution 
potential of the grain boundary zones 
and the grain areas in a 1 per cent 
ammonium hydroxide solution. He 
used large-grain samples. which Cyril 


Fic. 2. 


Mr. E. H. Dix, Jr.2—I have been 
interested in this work largely from 
the viewpoint of the possible generaliza- 
tion regarding the mechanism of stress 
corrosion cracking. In the 1940 Insti- 
tute of Metals Division Lecture, evi- 
dence was presented to show that 
intergranular corrosion is caused by the 
grain boundaries, either the precipitated 
phase or the depleted area surrounding 
it being anodic to the grain areas in the 
corrosive environment to which the 
material is being subjected. It would 
be expected therefore that if this differ- 


? Chief Metallurgist, Aluminum Research Laboratories, 
Aluminum Company of America, New Kensington, Pa. 


Stanley Smith, of the American Brass 
Co., kindly furnished, and a technique 
previously developed. The large grain 
size was necessary, so that in one sample 
the grain boundary zones and in the 
other the grain areas could be painted 
out. Brown found a difference in po 
tential of about 0.03 v. in this 70-3) 
brass, the grain boundary zones being 
anodic to the grain areas. Also he 
found a current of around 190 micto 
amperes flowing from the boundary 
zones to the grain areas. 

There was some interest expressed 
by the authors of the papers as to 
whether an applied potential making the 
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sample the cathode would prevent stress 
corrosion cracking of brass, and Mr. 
Croft very kindly furnished a 70-30 
brass tube which had been sunk so 
as to have high internal stresses. The 
tube was 1} in. in outside diameter 
and 7 in. in inside diameter and the 
sample used was about 6 in. long. 
Using in this case a concentrated am- 
monia solution, we found that the tube 
cracked in about 140 hr., as shown in 
the lower portion of the accompanying 
Fig. 2. Another piece of the same tub- 
ing exposed in the solution but made 
cathode with an applied potential of 10 
y., showed no cracks after 336. hr. as 
shown in the upper portion of the picture. 

These two experiments would seem 
to indicate that the stress corrosion 
cracking or season cracking of 70-30 
brass fits into the generalization of the 
electro-chemical theory briefly stated 
it the beginning of these remarks. 

Mr. A. L. Jamreson® (by letter).— 
(he data presented in Mr. Croft’s paper 
are extremely interesting and worth while. 
However, I cannot agree with the au- 
thor’s interpretation of data as pre- 
sented in his curves. 

lhe author notes in his outline of test 
nethods that some wires elongated 

ross-sectional reduction) on loading, 
but fails to indicate in his data which 
values were affected by this reaction. 

Since the wires most greatly affected 
by this reduction are the soft wires, it 
seems that if this reaction were taken 
into consideration the time to crack of 
the unstrained (annealed) or slightly 
strained wires would increase and the 

ives shown in Fig. 2 of his paper 
would tend to straighten and flatten out. 

The scattering of results in Table III 
indicates that a number of tests should 
nave been conducted to determine 
values for the effect of the various 


Assistant Metallurgi ‘rank- 
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degrees of cold work. It might possibly 
be that had results of sufficient tests 
been averaged for each point, the average 
value for each degree of cold work 
for a given stress would have been of 
the same magnitude. The curve 
through such points would have a slope 
approaching zero which is not in agree- 
ment with the author’s curves. 

The results in Table IV seem to 
agree with the aforementioned view- 
point. The exceptions of the two highly 
strained conditions are to be expected 
due to grain boundary obliteration. 

The conclusion from the above inter- 
pretation would be that slight strain 
had very little effect on season or mer- 
cury cracking tendencies, thus leaving 
stress (applied or residual) as the main 
factor in mercury cracking failures. 

The effect of grain size on time to 
crack seems to be reasonable since small 
grains would tend to make the path of 
a crack longer than larger grains and 
thus increase the time for failure to occur. 

Mr. Crort (author’s closure, by letter). 
—TIn regard to Mr. Jamieson’s remarks, 
the results on the wires which elongated 
visibly during loading were not given 
special mention since the points for the 
cracking times fell along the extensions 
of the curves for the wires which did not 
stretch, and while this effect was appre- 
ciable on some samples, it no doubt 
existed on others to such a small extent 
that it was not measurable Also, it 
was believed desirable to test the sam- 
ples as rapidly as possible after loading. 

The tests on soft wires were not 
reported in detail as they merely du- 
plicated the work of Morris.‘ 

Considerable scattering of results oc- 
curred in all this work, and the figures 
which are given for cracking times 
represent the averages of from two to_ 


ten or more tests. 


4 Alan Morris, ‘“‘Stress Corrosion of Annealed Brass,” 
Transactions, Am. Inst. Mining and Metallurgical Engrs. | 
(I.M.D.), p. 256 (1930). 
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I appreciate Mr. Jamieson’s emphasis 
of the interpretation in regard to the 
reason for increasing cracking time 
with a decrease in grain size. 

Mr. Dix’s interesting experiments and 
resulting conclusions seem to indicate 
the fundamental cause.of this phenome- 
non. Additional potential measure- 
ments between the boundary zones and 
the grain areas, covering metal of the 
same composition but of different grain 
sizes, would be helpful in interpreting 
the results which have been obtained by 
mercurous nitrate tests. 

Messrs. H. RosentHAL’ and JAMIE- 
son (authors’ closure, by lette#).—The 
authors wish to thank Mr. Dix and 
Mr. Croft for their interesting com- 
ments. Mr. Dix’s data throw con- 
siderable light on the mechanism of 
intercrystalline cracking caused by mer- 


& Junior Metallurgical Engineer, Ordnance Laboratory, 
Frankford Arsenal, Philadelphia, Pa. 


cury as compared to that caused by 
ammonia. 

As Mr. Croft points out, increasing 
the temperature of the mercurous nitrate 
solution should increase the chemical 
activity or cracking power of the solu. 
tion. Supporting this view, Mr. Croft 
has presented curves following this 
relationship for tubes and cups. Similar 
data have been obtained at Frankford 
Arsenal on time to crack of hard drawn 
cups tested in a 1 per cent HgNO, 
solution at different temperatures. 

Stress measurements of caliber .30 
cartridge cases, however, have revealed 
such a complicated stress pattern that 
it is reasonable to believe small tempera- 
ture changes of the cartridge case would 
cause appreciable changes in the stress 
pattern. This may explain the anon- 
alous behavior of the cartridge cases 
whose cracking percentage was less at 
110 F. than at 70 F. 


oxic 
proj 


dica 
elec 
coat 
be 
seal 
4 
the 
Alloy 
Ken 


Al 
with 
cons 
vant 
For 
of al 
this 
and 
For 
whe 
\4 ett 
may 
dure 


Aluminum die castings are covered 
with a thin, transparent oxide film which 
constitutes one of their important ad- 
vantages from a service standpoint. 
For numerous applications, the ability 
of aluminum alloys to form and maintain 
this natural film is sufficient protection, 
and further finishing is not necessary. 
For many other applications, however, 
where a more decorative appearance or 
better resistance to service conditions 
may be desirable, a wide assortment of 
durable and attractive finishes is avail- 
able. These finishes are classifiable 
inder the headings: 

1. Mechanical finishes, developed by 
abrading or working the die-cast surface 
by mechanical means to obtain a 
polished or textured effect. 

2. Chemical finishes, produced by 
treating the castings with chemical 
solutions to produce etched surfaces or 
oxide coatings having a wide variety of 
properties. 

3. Anodic finishes, formed by ano- 
dically oxidizing the casting in a suitable 
electrolyte to form a substantial oxide 
coating. The oxide coating may then 
be given supplementary treatments to 
seal or color it. 

4. Electroplated finishes, applied by 


the electrodeposition of metals such as 
ame... Presentation of this paper at the annual meeting 
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nickel or chromium on the aluminum 
surface. 

5. Paint and organic finishes, which 
comprise a multitude of clear and pig- 
mented coatings applied by spraying, 
brushing, or dipping. 

Just which of these methods will be 
used, or combined, in a commercial 
finishing procedure for any die casting 
will depend on such various factors as 
sales and service requirements, cost 
considerations, design of casting—size 
and shape, and alloy choice. Where no 
background of experience exists, it is 
advisable for the user of aluminum die 
castings to consult with the die caster 
or an experienced jobbing finisher in 
reaching a decision. 


MECHANICAL FINISHES 


Mechanical finishing methods are used 
extensively in preparing die-cast sur- 
faces for other types of finish as, for 
instance, in the roughing or oiling of 
castings to remove surface irregularities 
prior to paint or enamel application, or 
developing a buffed or textured surface 
for electroplating or anodic coating. 
Where mechanical finishes are used with- 
out subsequent treatment, they serve a 
decorative purpose, since they have no 
substantial effect on abrasion or corro- 
sion resistance. They do not detract 
from the characteristic resistance of 
aluminum die castings to ordinary in- 
door exposures and, in general, they 
simplify the process of periodic cleaning 
or polishing. 
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Polishing: 

The sequence of operations generally 
referred to as polishing may begin with 
“roughing.” This is accomplished with 
a wheel of glued rag construction, having 
a working surface of relatively coarse 
emery particles, 80 to 120 mesh, em- 
bedded in glue. Wheel diameters range 
from 6 to 16 in., thicknesses from 13 to 3 
in. Speeds of about 6000 ft. per min. 
are suitable for most work. The use of 
a tallow or composition lubricant will 
avoid excessive heating and thus prevent 
breakdown of the glue binder. 

“QOiling,” sometimes referred to as 
greasing, is a refinement of the roughing 
procedure, using finer abrasives and 
softer wheels. For the average die 
casting, where flow marks and other 
surface roughness are not too deep, 
oiling may be the initial step in polishing. 
Here the wheels are of solid felt con- 
struction, faced with emery of 120 to 
200 mesh. Wheel speeds, dimensions, 
and lubricants are approximately the 
same as for roughing. Selection of a 
felt of suitable hardness is important in 
obtaining the proper work pressure 
without affecting the contour of the 
surfaces. Small irregular surfaces re- 
quire softer wheels than flat, extended 
sections. 

In buffing, wheels are built up from a 
series of stitched rag buffs, hardness 
being controlled by the extent and 
manner of stitching. The abrasive and 
lubricant are usually in the form of a 
cake—such as tripoli powder in a grease 
binder— which is periodically applied to 
the wheel surface. Pastes containing 
the abrasive and lubricant are also used, 
and are applied to the work with a 
brush. Buffing wheel speeds range from 
7000 to 7500 surface feet per minute. 
Satisfactory results depend upon a 

» proper balance of buff hardness, abrasive 
compound, wheel speed and work pres- 
sure, developed through experience with 


individual jobs. 
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“Coloring” produces a surface of high 
gloss, either as a final finish, or as the 
foundation for other finishes. Before 
this operation, it is advisable to remove 
abrasive from previous steps by means of 
solvent cleaning, or, where particles 
have become embedded, by a light 
caustic etch. Open muslin or flannel 
wheels are used, to which soft silica or 
lime is applied as an abrasive. Wheel 
speeds should equal or slightly exceed 
those for buffing —7500 to 8000 ft. per 


A textured effect of attractive ap- 
pearance can be achieved by scratch 
brushing. This may be done on the 
as-cast surface, following a cleaning 
operation, or a light acid etch which 
serves to clean the casting and promote 
uniformity of finish. Wheels are made 
with stainless steel, brass or nickel silver 
wire, about 10 in. in diameter and with 
wire size from 0.010 in. up, depending 
on the coarseness of texture sought. 
Wheel speed should be about 2000 rpm. 
The removal of metallic particles by a 
soft brick and periodic reversal of the 
direction of rotation are necessary t 
maintain the cutting action of the wires 
An acid dip after scratch brushing is 
frequently empioyed to remove im- 
bedded metal particles coming from the 
brush. 


Satin Finishing: 


Scratch brushing practice may | 
modified, using smaller softer whee 
(0.002 to 0.005 in. wire) to produce 4 
satin finish. The results differ from 
the scratch brushed surface by havilg 
finer lines of less depth and may there 
fore require an initial oiling treatment! 
work out surface roughness. 

Wheel speeds for satin finishing r40¢ 
from 450 to 600 rpm. 


Scratch Brushing: 
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A similar effect is obtainable in the 
regular polishing routine by substituting 
jor the buffing operation one involving 
the use of a greaseless satin finishing 
compound. In this case, the action of 
the abrasive is to produce fine parallel 
lines similar to those produced by fine 
wire brushing. 


Ball Burnishing: 
Ball burnishing is well adapted to the 


low-cost handling of parts in quantity, 
and is a popular method of finishing 
aluminum die castirgs. The castings 
are tumbled, in batch lots, in rotating 
wood-lined barrels. As a result of the 
pening action of the steel balls, stars, 
or other variously shaped members 
comprising the abrasive charge in the 
barrels, a bright finish is produced. 
Barrel speeds of 15 to 35 rpm. and 
burnishing times ranging from 30 to 60 
min. are employed. Ordinarily, shapes 
and castings in the volume ratio of 2:1 
fill the barrel about one half full. Clean 
water, to which is added a few ounces of 
neutral soap flakes, brings the level to 
about two thirds full. It is important 
that parts be cleaned before burnishing 
or given a light acid etch followed by a 

iter rinse. To avoid stains, the barrel 
must be kept free of dirt, grease, heavy 
metals and their salts, and the solutions 
should be neutral or very slightly acid. 
Following burnishing, the castings 
should be rinsed in clean, hot water and 


dried in sawdust. eo 


Sand blasting is a rapid method for 
ving a uniform matte finish to the sur- 
lace. The texture and color of the sand- 
blasted surface are determined by the 
grade of sand or abrasive employed, the 
rate of introduction of the sand, the air 
Pressure, and nozzle to work distance 
and angle. The conditions selected 


Sand Blasting: 


must be strictly adhered to if a uniform 
surface is to be obtained from casting to 
casting. The use of fine sand (dust 
blasting) is sometimes employed, par- 
ticularly as surface preparation for 
castings which are to be anodically 
coated. Parts which are to be anod- 
ically coated may also require a short 
treatment with hot caustic soda solution 
after blasting in order to remove em- 
bedded abrasive. This etching treat- 
ment also results in a lighter color in the 
finished oxide coating. 

Interesting two-tone effects can be 
secured by combinations of polishing, 
buffing, and sand blasting. 


CHEMICAL FINISHES 
Caustic Etch: 


Aluminum die castings can be given 
a frosted, etched surface by treatment 
in a hot caustic soda solution. The 
solution should contain about 15 per 
cent sodium hydroxide and be used at a 
temperature of 160 to 180 F. The time 
of etching will depend upon the effect 
desired and the concentration and tem- 
perature of the solution. After etching, 
the casting is rinsed in clear, cold water 
and then given a neutralizing and bright- 
ening treatment by immersion in a strong 
mixture of nitric and hydrofluoric acids. 
This is composed of eight parts of con- 
centrated nitric acid and one part of 
concentrated hydrofluoric acid; it should 
be handled with great care. The pres- 
ence of the hydrofluoric acid is essential 
if the alloy contains silicon in substantial 
amounts. After this treatment the ar- 
ticle is again rinsed in clear, cold water 
and dried on a steam table. The hydro- 
fluoric-nitric acid mixture should be used 
cold; if it becomes too warm during use 
it produces a yellow film which is diffi- 
cult to remove. This acid mixture can 
be held in a tank lined with carbon 
brick. Lead is also used, but cannot 


be considered as permanent. - 
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Alrok Coatings: 


Aluminum die castings can be oxide 
coated by simple chemical treatments, 
known as Alrok* processes. One of 
these, which is commonly employed, 
comprises treatment of the die casting 
in a hot solution of sodium carbonate 
and dichromate of a_ predetermined 
ratio. A substantial oxide coating forms 
after an immersion period of about 15 
min. 

This oxide coating gives increased 
abrasion resistance to the surface, but 
is much less effective in this respect than 
a good anodic coating. The protection 
it gives in corrosive environments can 
be further amplified by sealing in a hot 
dichromate solution. In cases where 
die castings are to be subjected to severe 
service conditions, it is frequently found 
desirable to apply such a chromate 
sealed oxide coating preliminary to 


painting or enameling the casting. 


ANODIC OXIDE COATINGS 


Anodic oxidation methods provide 
means for giving aluminum die castings 
an oxide coating of substantial thickness 
and abrasion resistance. Some of these 
oxide coatings may be used for their 
decorative effect without further treat- 
ment, or they may be given a wide 
range of colors by impregnation with 
dyes or mineral pigments. Further- 
more, some anodic coatings offer im- 
portant protection against corrosive 
environments. As commercially ap- 
plied, these coatings are usually in the 
range of 0.0001 to 0.0005 in. in thickness. 

The method of application is simple 
and can be closely controlled. The 
article to be coated is given the neces- 
sary preliminary treatment to clean the 


3 Alrek isa registered trademark of Aluminum C angeey 
of America. 
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surface and give it the desired polish or 
texture; it is then made anode in a suit. 
able electrolyte. The most commonly 
used electrolytes are solutions of chromic 
acid and sulfuric acid in various cop. 
centrations. The coatings produced ip 
chromic acid electrolyte are generally 
thin, of a gray-green color, and cannot be 
satisfactorily applied to castings con- 
taining more than about 5 per cent 
copper. They are frequently used as 
surface preparation for painting. 

Dilute sulfuric acid is employed in the 
Alumilite process‘ and the time required 
for coating ranges from about 10 min. 
to 1 hr. On pure aluminun, the oxide 
coating thus formed is transparent or 
substantially colorless, but the color and 
appearance may be profoundly modified 
by the alloying elements always present 
in die castings. 

These effects may become apparent 
in the hardness, porosity, and protective 
value of the oxide coating as well as in 
color and appearance. Depending on 
their electrolytic behavior, alloying con- 
stituents may be anodically dissolved 
during the coating operation, may be 
oxidized and remain in the coating, or 
may remain in the coating in the unoxi- 
dized state. Silicon, for example, is 2 
constituent which is not appreciably 
dissolved or oxidized’ during the Alv- 
milite treatment and remains in the 
coating and affects its color and appear- 
ance. Die castings with a substantid 
silicon content are usually gray to black 
in appearance after being anodically 
oxidized. Iron constituent also tends to 
discolor the oxide coating and should 
be kept at a minimum where light 
colored, uniform coatings are desired 
Copper constituents, such as CuAls, als 
important in die castings, have quite the 
opposite behavior; these constituen!s 


4 Protected patents by Aluminum 
of America. 
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are anodically oxidized and dissolved at 
a more rapid rate than the aluminum 
matrix. Asa result, the coatings formed 
on an alloy containing substantial 
amounts of copper tend to be quite 
porous and have lower abrasion re- 
sistance and protective power because of 
the anodic solution of the copper con- 
stituent. Magnesium forms a white or 
colorless oxide, but alloys containing 
substantial amounts of undissolved mag- 
nesium constituent have a dark appear- 
ance when anodically coated. Alloying 
eements in solid solution have the least 
elect upon the color of the casting after 
oxide coating. Heat treatment of the 
die casting will affect the amount and 
degree of dispersion of the partially 
soluble elements, and hence may have 
an important effect on the color of the 
oxidized casting. The oxide coating 
upon a heat-treated casting is usually 
lighter in color than on a casting not 
heat treated. 

Because of the effect of constituent 
upon the appearance of the coating, any 
lack of microscopic homogeneity in the 
surface structure of the casting may re- 
sult in a nonuniform, mottled appear- 
ance of the coating. Anodically coated 
lie castings may also show the flow lines 
vhich follow the course of the metal as 
it entered the mold. These are due to 
variations in the structure caused by 
slight variations in the rate of chill on 
various parts of the surface. Their 
dimination or their reduction to a neg- 
ligible level can sometimes be effected 
by a change in design of the die and, 
more particularly, by the selection of 
= alloy better adapted to receive an 
anodic coating. A fine sand finish 
tends to make the flow lines less prom- 
nent. In fact, the surface preparation 
employed prior to anodic coating is an 
mportant factor in producing the most 
attractive finishes. 


Anodic coatings can be produced 


which are porous and will absorb dyes 
and be colored thereby; they can also 
be impregnated with mineral pigments 
by precipitation of the pigment within 
the pores of the coating. In a similar 
way, a coating can be given added 
protection, particularly against salt- 
containing atmospheres, by sealing in a 
chromate solution, so that the coating 
retains within its pores substantial 
amounts of chromate inhibitor. Coat- 
ings sealed in this way usually have a 
green to yellow color. Other sealing 
methods are available where coloration 
is objectionable. 

In selecting the alloy best adapted 
for anodic coating, certain generaliza- 
tions should be kept in mind. An 
alloy containing 8 per cent magnesium 
takes an anodic coating which is light 
colored and attractive in appearance; 
the coating is also hard and abrasion 
resistant. A.S.T.M. alloy VIII (2 per 
cent copper plus 2 per cent nickel)® has 
a good appearance after anodic coating. 
Where a dark color is desired, or at 
least is not objectionable, alloys IV or 
V (5 per cent and 12 per cent silicon, 
respectively)® may be employed. The 
substantial silicon contents of these 
alloys give them a dark color after 
anodic coating. A.S.T.M. alloy XII 
(7 per cent copper plus 3 per cent silicon) 
offers a combination of good casting 
qualities and a fairly light oxide coating, 
which can be colored in any except the 
lighter shades, but has relatively low 
abrasion resistance. 


Evaluation of Oxide Coatings: 


The tests selected to determine the 
quality of oxide coatings will be deter- 
mined by the intended service of the 
article. Frequently the thickness of 
the oxide coat is an important criterion, 
and the measurement of the electrical 

5 Tentative Specifications for Aluminum-Base Alloy Die 


Castings (B 85 - 39 T), 1939 Book of A.S.T.M. Standards, 
Part I, p. 1147. 
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breakdown voltage of the coating may 
yield useful information as to this 
characteristic. The weight of coating 
per unit area can usually be closely 
correlated with thickness. Abrasion 
resistance can be measured by the 
abrasive air blast method. Salt-spray 
tests are usually employed for evaluating 
the protection against corrosion offered 
by the coating. 


ELECTROPLATED FINISHES 


 Electroplated coatings applied to alu- 
minum die castings serve two major 
purposes: they provide ornamentation 
and may give increased abrasion re- 
sistance. Resistance to corrosion is not 
usually improved by plating. However, 
for mild service conditions, adherent, 
serviceable and attractive finishes may 
be obtained by plating. 

The actual plating procedures for 
aluminum alloys do not depart greatly 
from those used with other common 
materials. It is important, however, 
that a suitable preparatory treatment 
be given in order to insure adherence of 
the plate, and it is mainly in the details 
of this preparatory treatment that the 
commercial plating methods for alu- 
minum die castings require special con- 
sideration. 


Surface Preparation for Plating: 


Acid Etching.—A controlled etch has 
been found effective in promoting the 
adherence of electroplates to aluminum 


base metal. The selective action of the 
reagents used causes certain of the con- 
stituents present in the alloys to be 
dissolved, leaving microscopic pits or 
cavities in which the plated metal can 
find anchorage. 

For die castings the etching reagent 
commonly used consists of: 


Nitric acid (sp. gr. 1.42) 


Hydrofluoric acid (48 to 52 per cent)... 1 part 
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After polishing and cleaning operations, 
the parts are immersed in the nitric. 
hydrofluoric acid solution, at a tempen- 
ture of 75 to 80 F., for a period of from 
15 to 30 sec. They are then carefully 
rinsed, and are ready for the plating 
bath. 

Important in this procedure is the 
proper control of immersion time and 
solution temperature; they should be 
definitely established by tests and con- 
trolled accurately to produce satisfac. 
tory results. Constant solution acidity 
should be maintained by acid additions 

Krome-Alume Process——The Krome- 
Alume® process has been successfully 
applied to the commercial plating of 
aluminum die castings. In this proces 
the article to be plated is first anodically 
oxidized in oxalic acid electrolyte; al- 
ternating current is commonly employed 
in this step of the process. The oxida- 
tion is carried out at voltages increasing 
from 5 to 50 v. and for a period of about 
10 min. 

The coating is then treated in a dilute 
solution of sodium cyanide or hydro- 
fluoric acid. By this treatment the 
coating is “modified” and dissolved; 
the surface is thereby put in good con- 
dition for plating by the usual proce- 
dures. 

Alrok Process.—Another preparatory 
treatment for die castings which are t0 
be plated comprises the oxide coating 
the die casting by an Alrok chemical 
process, followed by treatment of the 
oxide coated article in a solution of nitric 
acid. After a final rinse, the castingsare 
ready for plating. 


Plating: 


Nickel is commonly plated directly 
on aluminum, and may be buffed directly 
to an attractive finish or may be 
as a foundation for other metal plates 


6 Krome-Alume Corp., Lockport, N. Y. 
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tions, 


particularly chromium. The nickel- 
nitric- 


important a step in satisfactory paint 
performance as when protective coatings 


plating solutions employed are those in 
seneral use for the application of nickel 
dectroplating on other metals. They 
should have good throwing power and 
give a soft, smooth coating which can 
be readily buffed to a high luster. The 


ipera- 
from 
efully 
lating 


is the  ysual lime buffing compositions may be 
e and sed. Heat treatment of nickel-plated 
Id be aluminum parts gives improved adhesion 
1 con HH of the nickel deposit. For moderate 
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outdoor service, a deposit at least 0.001 
in. thick is recommended; generally, 
the thicker the deposit, the greater the 
resistance to corrosion. 

While chromium can be applied di- 
rectly to aluminum from an ordinary 
chromium plating bath, the usual prac- 
tice is to apply it over a preliminary 
nickel plating. Chromium, when plated 
ver buffed nickel, is more attractive 
than the duller chromium plate applied 
directly to aluminum. Heavy deposits 
of hard chromium plate (0.001 to 0.010 
in.) are being applied to aluminum die 


te castings to increase their resistance to 

y “ abrasion. Other metals, such as copper, 
at the brass, and silver, can be applied over 
solved; 


nickel plates. Colored or oxidized fin- 
shes can be produced, such as oxidized 
copper, bronze or antique silver; these 
inishes, as in the case of other metals 
plated in the same way, should be 


“ate protected with a clear lacquer. A 
we black finish can be applied by the Moly- 
at Black process,’ employing a proprietary 
nitric electrolyte containing salts of molyb- 


denum and nickel. 


PAINTING OF Dre CASTINGS 


Aluminum die castings may be coated 
with paint or lacquer, either for decora- 


directly tion or ° 
«actly ws OF lor protection against a severely 
directly corre 

environment. When decora- 


tion is the principal objective, the prep- 
‘ration of the surface is not usually as 


Process of E, I. du Pont de Nemours and = 


are needed. However, good resistance 
to impact and handling is often desired, 
and hence adequate anchoring of the 
paint to the surface is important. 
secure this, solvent cleaning accom- 
panied by light surface roughening may 
be sufficient. 


To 


The different die-casting alloys of 


aluminum show some differences in 
their ability to hold paint under con- 
tinued humid conditions, although in 
general these differences are relatively 
small. With proper attention to surface 
preparation good results should be se- 
cured on any alloy. 


There are a number of ways in which 


the surface of aluminum die castings 
may be prepared for painting. As 
mentioned, solvent cleaning is perhaps 
the simplest form of surface treatment, 
and for many applications this may be 
sufficient. 
of solvent cleaning is that of solvent 
vapor degreasing. A light roughening 
of the surface, as by sanding, improves 


The most effective method 


the wearing qualities of the finish. 
A still more effective method of sur- 
face preparation is chemical treatment 
with a dilute aqueous solution of phos- 
phoric acid. These solutions are more 
effective if organic solvents are added 
to the phosphoric acid. The solvents 
aid in grease removal and permit ready 
action of the phosphoric acid, which 
apparently forms a thin film of protec- 
tive aluminum phosphate on the surface. 


There are a number of proprietary treat- _ 


ments of this type available. 

Alrok coatings, which are applied by a 
chemical treatment, have been found to 
be particularly effective on aluminum 
die castings and they provide an excel- 
lent base for the application of paint. 
These coatings are especially recom- 
mended where the service conditions 
are severe, such as continued service 
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in atmospheres of high humidity. The 
Pylumin* process is a chemical treatment 
useful in the preparation of the surface 
for painting. Anodic coatings may also 
be used under these conditions and in 
some instances may prove even better. 
Some of the anodic finishes provide 
corrosion-resistant, adherent impervious 
oxide films which constitute ideal bases 
for paint. 

Following the surface treatment, the 
metal must be thoroughly dried before 
paint can be applied. The castings 
should be heated to a temperature 
above the boiling point of water for 
about 30 to 60 min. to insure complete 
removal of water left on the surface 
from any aqueous treatment. This is 
particularly important if a baking 


enamel or japan coating is to be applied. 
The castings should receive a minimum 
amount of handling after cleaning or 
treating. 

Aluminum die castings are usually 


painted by either dipping or spraying. 
The method of application to be em- 
ployed will be determined by manufac- 
turing considerations, and the design 
of the casting. Some shapes do not 
lend themselves readily to a dipping 
operation. 

In most cases, the use of a special 
priming paint is not necessary when the 
castings are to be painted solely for 
decorative purposes. Even in such 
cases, however, the primer should be 
one which inherently shows good ad- 
hesion and which also permits good 
adhesion of top coats. The value of 
any painting system depends, to a large 
extent, upon the selection of a satisfac- 
tory primer. In addition to showing 
good adhesion, the primer should have 
good resistance to moisture penetration 
to prevent surface reaction and should 
contain an inhibitive pigment. Zinc 
chromate has been found to show the 
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best corrosion-inhibitive properties of 
any of the pigments which have beep 
tested. Primers in which zinc chromate 
is the major pigment, if not the only 
pigment, have been found in most jn. 
stances to give the best results from the 
standpoint of protection. Primers of 
this type are usually made with syn. 
thetic resin vehicles which improve 
their resistance to penetration by mois- 
ture. Primers containing lead pigments 
should not be used in priming aluminum 
die castings as they have been found to 
promote corrosion in many cases. 

Under most conditions, aluminum 
paint has been found to be a very 
satisfactory primer as well as finish coat 
for use on aluminum die castings. This 
coating possesses high impermeability 
to moisture and has good adhesion to 
the metal. 

In many cases it will probably be 
found desirable to employ baked coat- 
ings. The vehicle employed for the 
primer should therefore be one which 
will withstand baking at a moderate 
temperature for at least an_ hour. 
Properly formulated synthetic resin var- 
nish vehicles of the phenolic or alkyd 
types have been found to be quite satis- 
factory for this purpose. 

Where pyroxylin lacquer systems are 
used in finishing the die castings, special 
primers must be employed, since many 
types of primers are “lifted” by the 
powerful solvents used in lacquer formu- 
lation. 

With the exception of the special 
lacquer systems, almost any durable 
paint or enamel may be employed for 
the finishing coat after the castings at 
properly primed. If baked finishes art 
desired, they should be applied over 4 
baked priming coat. Synthetic re! 
enamels are particularly effective 
this use since they can be formulated to 
give hard, durable finishes quite ® 
sistant to moisture penetration. 
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the color of aluminum paint is satisfac- 
tory, it is especially useful because of 
its great opacity and high imper- 
meability to moisture. 

Where speed of drying is a controlling 
factor, lacquer systems are suggested. 
Durable lacquer enamels may be secured 
inany desired color. The more durable 
lacquers contain a certain amount of 
yynthetic resin. As previously pointed 
out, special primers should be employed 
with lacquer systems. 

Another type of finish frequently 
employed for finishing aluminum die 
astings is the black baking japan. A 
single coat is often sufficient, but where 
greater durability is desired, multiple 
cats may be employed. The japan 
coatings are baked at a relatively high 
temperature (usually in excess of 400 F.) 
and form very hard, abrasion-resistant 
films which are also quite resistant to 
moisture and solvents. Similar coatings 
may be produced with heat-reactive 
phenolic resins in a variety of dark 
colors. 

In some cases it is desirable to preserve 
the natural color and appearance of the 
aluminum die castings. One way in 
which this can be accomplished is by 
the use of clear lacquers or synthetic 
resin finishes. Special lacquers con- 
laining appreciable amounts of light- 
resisting resins such as methacrylate 
resins, or containing cellulose esters 
such as cellulose acetobutyrate, have 
veen developed and are especially suit- 
able for this use. Clear varnishes made 
with alkyd, urea formaldehyde resins 
ot combinations thereof form very satis- 
factory finishes of the baking type. 
They are ¢ 

juite hard and abrasion re- 
sistant and do not turn yellow in service. 


CLEANING AND MAINTENANCE 


There are many different reasons for 
‘esiring to clean die-cast parts. Nat- 
ually, the type of cleaning method 
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selected should be determined by the 
result which it is desired to accomplish. 


Surface Renewing Cleaners: 


For some purposes it is desired to 
remove the surface layer of metal in 
order to obtain a pleasing appearance. 
One such method is the “‘caustic etch,” 
described in another section of this 
paper. Other such surface renewing 
treatments include immersion in cold, 
dilute (1 to 10 per cent) hydrofluoric 
acid solutions, in cold solutions con- 
taining 10 per cent sulfuric acid and 1 
per cent sodium fluoride, or in hot 10 
per cent to 20 per cent phosphoric acid 
solutions. 


Surface renewing cleaners should not 
be used on Alrok or Alumilite-coated 
articles, or as a rule, on complicated 
built-up structures, since they will de- 
stroy these coatings and are difficult to 
remove from crevices or other inacces- 
sible regions. Cleaners which cause no 
appreciable undesirable effect on the 
articles being treated (that is, safe 
cleaners) should be employed in such 
cases. Completely safe cleaners, which 
can be used in a wide range of concen- 
trations or under widely varying con- 
ditions without causing appreciable at- 
tack on the aluminum articles being 
treated, should be used wherever they 
will satisfactorily accomplish the desired 
purpose. Most liquid or paste waxes, 
and most organic solvents (other than 
the chlorinated hydro-carbons) are com- 
pletely safe cleaners. Soaps or other 
alkaline detergents are also often com- 
pletely safe cleaners, provided they con- 
tain a sufficient amount of corrosion 
inhibitor (such as sodium disilicate or 
sodium chromate). 

Where rapid or powerful cleaning 
action is desired, alkaline detergents 
which contain only sufficient inhibitor 
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so that they have no action on the 
aluminum articles in a limited range of 
concentrations or conditions can be used. 
In those cases, the safe operating ranges 
of such cleaners should be determined by 
preliminary tests and the cleaners then 
only employed within safe limits. Chlo- 
rinated hydrocarbons, such as ethylene 
dicholoride, trichlorethylene, and carbon 
tetrachloride, can also be classed as 
partially safe cleaners and must be used 
with care if undesirable action is to be 
avoided. 
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General: 

In many indoor and some outdoor 
exposures, bare or Alumilite-coated aly. 
minum die castings require little cleaning 
or other maintenance in order to retain 
a pleasing appearance. Periodic dusting 
or washing with a safe soap is all that js 
required. Periodic applications of liquid 
wax are also often satisfactory. In 
more severe exposures, steel wool can 
be used in applying the wax in order that 
adhering deposits will be removed. 


BIBLIOGRAPHY 


“Finishes for Aluminum,” Aluminum Com- 
pany of America, Privately printed (1940). 

H. G. Arlt, “The Abrasion Resistance of Anodi- 

7 cally Oxidized Coatings on Aluminum,” 
Proceedings, Am. Soc. Testing Mats., Vol. 

: 40, p. 967 (1940). 

R. M. Burns and A. E. Schuh, “Protective 
Coatings for Metals,” Reinhold Publishing 
Corp., New York, N. Y. (1939). 

K. G. Compton and A. Mendizza, “Electrical 
Breakdown of Electrically Oxidized Coat- 
ings on Aluminum,” Proceedings, Am. Soc. 
Testing Mats., Vol. 40, p. 978 (1940). 

J. D. Edwards and R. I. Wray, “Painting 
Aluminum and Its Alloys,” Industrial and 
Engineering Chemistry, Vol. 27, p. 1145, 
(1935). 

J. D. Edwards, “Methods of Testing Oxide 
Coatings on Aluminum,” Proceedings, Am. 
Soc. Testing Mats., Vol. 37, Part I, p. 261 
(1937). 

J. D. Edwards, “Anodic Coating of Aluminum,” 
The Monthly Review, Am. Electroplaters’ 
Soc., Vol. 26, p. 513 (1939). 


J. D. Edwards, “Thickness of Anodic Coatings 
on Aluminum,” Proceedings, Am. So¢. Test- 
ing Mats., Vol. 40, p. 959 (1940). 

J. C. Fox, “Finishing of Die Castings,” Proceed. 
ings, Am. Soc. Testing Mats., Vol. 36, 
Part I, p. 193 (1936). 

F. Keller and C. W. Wilcox, ‘“Anodically Ox- 
dized Aluminum Alloys—Metallographic 
Examination,” Metals and Alloys, Vol. 10, 
p. 187 (1939). 

F. Keller, G. W. Wilcox, N. Tosterud, and C. J. 
Slunder, “Anodically Oxidized Aluminum 
Alloys—Behavior of Constituents,” Medals 
and Alloys, Vol. 10, p. 219 (1939). 

F. Keller, “Anodic Coatings Seen Through the 
Microscope,” Proceedings, Am. Soc. Testing 
Mats., Vol. 40, p. 948 (1940). 

A. E. Schuh and H. C. Theurer, “Physical 
Evaluation of Finishes,’ Industrial on 
Engineering Chemists, Analytical Edition 
Vol. 6, p. 191 (1934). 

W. J. Travers, “Plating on Aluminum,” Trot 
actions, Electrochemical Soc., Vol. 75, p- 


M 
atm 
quir 
cark 
furt 
som 
vill 
ry et 
D 
tion 
hold 
Cnos 
wea 
F 
prot 
port 
bece 
wea 
men 
of | 
OF | 
NOW 
| trea 
prin 
fini 
A 
on n 
inch 
ing, 


tdoor 
1 alu- 
aning 
retain 
Asting 
hat is 
liquid 
In 
can 
r that 


By H. W. 


Magnesium die castings left to mild 
atmospheric weathering gradually ac- 
quire a layer of oxide, hydroxide, or 
carbonate which protects them from 
further attack. For most applications, 
jowever, the parts should be finished in 
sme manner. The method adopted 
will depend on the requirements to be 
met. 

Die castings used for interior applica- 
tions such as business machines, house- 

ld appliances, etc., are given finishes 
chosen for their decorative appeal and 
wearing qualities. 

For the various exterior applications, 
protective finishing becomes more im- 
portant and decorative considerations 
become secondary. For normal inland 
weathering, where protective require- 
ments are not severe, two or three coats 
of paint are satisfactory. Aircraft use 
of marine exposure are more critical, 
owever, and demand the best chemical 
treatment, inhibitive zinc chromate 
primer, and maximum protection in the 
inishing coats. 

All phases of metal finishing in use 
on magnesium die castings are discussed, 
including preliminary mechanical finish- 
ng, cleaning, chemical treating and 
organic finishing. 


4 
MECHANICAL FINISHI¥G 


Mechanical finishing methods nor- 
mally are used to prepare die castings for 
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the application of other finishes. 
Mechanical finishes are not recom- 
mended alone. They should be given 
some protection. 


Polishing: 


Surface irregularities are best removed 
by polishing or grinding. This is ac- 
complished on a built-up cloth wheel 
“setup” with 100-200 grit abrasive. 

The peripheral speed normally used is 
4000 to 6000 surface feet per minute 
with 4 to 12-in. wheels. The coarseness 
of grit will depend on the extent of the 
polishing operation. Advantage is taken 
of the very fast cutting action of a dry 
wheel only where much polishing is 
required. 

To obtain a satisfactory surface on 
most die castings it is only necessary to 
use a polishing operation known as 
“oiling or greasing.” The same type of 
polishing wheels is used at the same 
speeds and with the same abrasives as 
noted above. Proprietary commercial 
greases available on the market are used. 
The selection will depend primarily on 
the ease of removal from the die casting 
in a subsequent cleaning operation. The 
greases are applied to the polishing wheel 
and act as lubricants causing a finer cut. 
The lubricant also aids in preventing the 
wheel from loading up with fine metal 
particles. Wheels may be cleaned by 
using lump pumice. The final polish 
before buffing should be done on a 220 
grit wheel using grease or on a loose buff 
using a greaseless polishing compound 
such as a Lea grade Lor C. The latter 
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type gives exceptionally good results and 
is recommended for use on all die castings 
to be buffed or where only minor imper- 
fections are to be removed. By using 
greaseless polishing compound, 6 to 
10-in. sewed or string buffs running at 
a peripheral speed of 3600 to 5000 feet 
per minute gave best results. Buffs 
should not be too closely sewed; } to 
1-in. circles or loosely sewed pocket-type 
buffs are satisfactory. 

Before installing polishing equipment 
for finishing magnesium, consult the 
manufacturers of these alloys on the 
necessary safety precautions to be 
observed. 


Buffing: 


Die castings requiring a high luster 
are buffed using tripoli composition on a 
loosely sewed buff. Hard sewed buffs 
cause dragging. Best results are ob- 
tained by using approximately 74 to 82 
count cloth operating at a peripheral 
speed of 6000 to 8000 ft. per min. 
Usually 10 to 14-in. buffs are used. The 
tripoli used should be free cutting to 
avoid the necessity of high pressure 
which tends to cause waviness and 
dragging. 

To produce a very high finish on 
magnesium die castings, a coloring 
operation is required using canton flannel 
buffs. These should be operated at a 
peripheral speed of 8000 to 12,000 ft. 
per min. using a dry lime composition 
and light pressure on a 12 to 16-in. buff. 
Any polishing or buffing directions must 
be of a general nature, since so much 


individual job. 
Miscellaneous: 
Scratch brushing, sandblasting, shot- 


blasting, and other similar methods of 
mechanical finishing are used only to a 


limited 
castings. 


extent on magnesium die 


CLEANING 


Before the application of a chemical 
coating, the surface must be free of dirt. 
oil, oxides, and other impurities. The 
surface should be left in such a condition 
that it can form a continuous union with 
the chemical coating to be applied. A 
thoroughly cleaned surface will be com- 
pletely wetted when dipped in clean 
water. A break in the water film isa 
definite indication that foreign matter 
exists and the surface is not thoroughly 
clean. 

Oxides or dirt remaining on the surface 
after degreasing should be removed bya 
chromic acid cleaning solution. 


Solvent Cleaning: 


Vapor degreasing methods are satis- 
factory in many cases where large 
amounts of oil or grease are to be re- 
moved. These methods are not recom- 
mended where they are preparatory to 
some of the chemical treatments de- 
scribed later unless the degreasing step 
is followed by a cleaning in boiling 2 t 
5 per cent caustic soda solution for 5 to 
10 min. or by treatment in other strong 


alkaline cleaners. 


Cleaners of the strongly alkaline typ, 
such as commonly used on steel, are the 
most satisfactory. The procedure maj 
be by boiling or by cathodic electrolyt 
methods. 

A satisfactory degreasing solution for 
magnesium which may be used either 


Alkaline Cleaning: 


_a boiling or as an electrolytic cleaner 


made as follows: 


Trisodium 
Sodium carbonate 

Water 
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The soap may be replaced with a suitable 
wetting agent to ensure freer rinsing. 
This cleaning solution is operated at 90 
to 100 C. When used as a soak cleaner 
some form of agitation should be used if 
the bath is operated below the boiling 
point. The time required for cleaning 
is5 to 15 min., depending on the nature 
and amount of oil or grease to be 
removed. 

As an electrolytic cleaner, the solution 
may be operated below the boiling point 
without the necessity of agitation as this 
is afforded by gas evolution on the sur- 
face of the work. The magnesium part 
is made the cathode in the cleaning 
slution and a direct current of 10 to 20 
amp. per sq. ft. of surface is applied. 
The only advantage in electrolytic 
cleaning is that the desired oil or grease 
removal is affected in a shorter time. 
Usually 1 to 3 min. are required for com- 
plete removal. 


Acid Cleaning: 


Oxides or dirt remaining on the surface 
after alkaline cleaning may be removed 
by a chromic acid cleaning solution. 


Chromic acid does not attack the metal 
The clean- 


but will dissolve the oxides. 


ing bath is made up and operated as 
follows: 


“ parts to be cleaned are immersed 
lor 1 to 5 min. in this bath which is 
operated at 90 to 100C. If chloride 
ions are present in the water the bath 
functions as a chemical treatment de- 
positing an insoluble film of a different 
‘ype oxide on the surface, which is 
detrimental to subsequent chemical 
treatment. Water which has an ap- 
preciable chloride content can be used 
Provided a small amount (usually 0.1 
Per cent) of silver nitrate is added to 
precipitate the excess chlorides. The 
silver nitrate is first dissolved in a small 
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amount of water and then added to the 


ch 


ca 
co 


romic acid bath. 


CHEMICAL TREATMENTS. 


Chemical treatments are used on die 
stings to provide: (1) an increased 
rrosion resistance, (2) a base for 


organic coatings, and (3) a decorative 


effect. 


A chrome-pickle treatment is normally 


given all magnesium die castings to 
protect the metal during shipment, 
storage and machining. The treatment 


pr 
th 


oduces a passive surface and etches 
e metal so that good paint adhesion is 


assured. For normal service condi- 
tions, the coating is a satisfactory paint 
base. The treatment will remove 0.006 


to 
is, 


0.002 in. of metal from the surface and 
therefore, not recommended on 


machined surfaces where close dimen- 
sions must be held. 


be 
(a) 


sh 


Either of the following solutions may 
used for this treatment: 


Sodium dichromate (Na3Cr3O0;7- 
2H,0) 


Concentrated nitric acid (sp. gr. 
to make 


Chromium trioxide (CrOs) . . 
Concentrated nitric acid (sp. gr. 


.to make 


The temperature of the solution 
ould be maintained at 125 to 135 F. 


The time of treatment is 10 sec. 


After removal from the treating solu- 


tion, the die castings should be exposed 


to 
th 


the air for about 5 sec. before rinsing 
oroughly in cold water and then in 


hot water to facilitate drying. 


Properly applied coatings are matte 


gray to yellow or iridescent in color. 
Under the microscope a fine pebbled etch 


is 


bri 


observed. Coatings to be avoided are 
ight and brassy in color which under 


the microscope show a relatively smooth 
surface with an occasional rounded pit. 


Chrome-Pickle Treatment: 
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Depletion of the solution is indicated 
by the paleness of the color of the coat- 
ing, shallowness of the etch, or slowness 
of the action on the metal. The pale- 
ness of color should not be confused with 
that obtained by insufficient exposure to 
air between removal from the bath and 
wash in cold water. Control of the bath 
is best effected by chemical analysis. 
The chromate content is determined by 
titration with lead nitrate. The nitric 
acid is determined by titration with 
sodium hydroxide. The methods are as 
follows: 

Chromate Determination.—Pipette 5 
mi. of the chrome-pickle solution into a 
400-ml. beaker containing 300 ml. of 
water. ‘Titrate with constant stirring 
with a Pb(NOs3)2 solution (containing 
— 0.1332 g. Pb(NOs)2 per ml.) until the 
yellow precipitate of PbCrO, ceases to 
Toward the end of the titration 
the precipitate should be allowed to 
settle and a drop or two of the Pb(NOs)o 
solution added to the clear supernatant 
liquor where the precipitation of the 
PbCrO, may be readily observed. 

Should a precipitate form, stir the 
solution and repeat the settling operation 
and addition of Pb(NOsz)2 until the 
precipitate ceases to form. Note the 
number of milliliters of Pb(NOs3)2. Each 
milliliter of Pb(NOs3)2 is equivalent to 
0.1 Ib. NaeCreO7-2H2,O per gallon or 
0.067 lb. of chromic acid (CrO 3) per 
gallon. ‘The equations involved in the 
above titrations are as follows: 


NagCr207 + 2 Pb(NOs3)2 + He. = 


CrOs + Pb (NOs)2 + Hz = PbCrO, + 2 HNO; 
(2) 


2 PbCrO, 


Knowing the volume of the treating 
bath, the amount of dichromate or 
chromic acid to be added may be readily 
calculated. 

Nitric 


Acid Determination.—After 


completion of the chromate titration 
with lead nitrate, add an excess of ()5 
ml. of Pb(NOs)2 solution. Filter off the 
PbCrO, precipitate through a plug of 
absorbent cotton or filter paper. Wash 
the precipitate with distilled water a few 
times, collecting the washings in the 
filtrate. Reject the precipitate. Add? 
or 3 drops of methyl orange indicator to 
the filtrate and titrate with 1 N sodium 
hydroxide solution (NaOH) until the 
solution turns yellow. The addition of 
too much methyl orange renders the 
endpoint less distinct, particularly with 
solutions which have been used and 
revivified several times. Note the num- 
ber of milliliters of 1 N NaOH required 
for the titration. The equation involved 
in this reaction is as follows: 


It should be noted that in Eqs. 1 and? 
nitric acid is liberated. This must be 
correct in the calculation for nitric acid 
in the chrome-pickle solution. The 
method used for the dichromate chrome- 
pickle (a) is as follows: 


A — B X 0.403 X 0.101 = C 


total 1 N NaOH used, in 
milliliters, 
B = total Pb(NOs)2 used, in mill 
liters, and 
C = pints of nitric acid (sp. gt 
1.42) per gallon of chrome- 
pickle solution (a). 

In the case of the chromic 4 
chrome-pickle (6) the calculation o 
nitric acid is as follows: 


where A 


(X — Y XK 0.806) K 0.101 = Z 


where X = total 1 N NaOH used, 
milliliters, 
Y = total Pb(NOs)2 used, in milli- 

liters, and 


Z = pints of nitric acid (sp. # 
1.42) per gallon of chrome: 


pickle solution (6). 
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Knowing the volume of the treating 
bath, the amount of nitric acid to be 
added can be readily calculated. 

Containers for the chrome-pickle solu- 
tion may be aluminum, ceramic or other 
material known to be satisfactory. 

All precautions normally observed in 
the handling of corrosive chemicals 
should be observed here. Rubber 
aprons and gloves should be worn by 


operators. 
Sealed Chrome-Pickle: 


A modification of the chrome-pickle, 
which will give increased corrosion resist- 
ance, consists in boiling the chrome- 
pickle coating in a dichromate solution. 
This treatment is known as the sealed 
chrome-pickle. 

The die casting which has been pre- 
viously chrome-pickled is immersed in a 
bath containing 1 to 2 lb. of dichromate 
(sodium, potassium or ammonium) per 
gallon for 30 min. 

The bath is maintained at boiling 
temperature. 

The dichromate solution is controlled 
by additions of chromic acid to maintain 
the pH between 4.0 to 4.4. 


Hydrofluoric Acid - Dichromate Treatment: 


The color of the coating is brown to 
black. Practically no change in dimen- 
sion results from the treatment. 

\fter adequate cleaning, the parts are 
mmersed for 5 min. in a solution contain- 
ng 15 to 20 per cent by weight of hydro- 
fluoric acid. A satisfactory bath may be 
prepared by diluting one volume of 
technical grade 48 to 52 per cent hydro- 
luoric acid with 2 volumes of water. 
usual precautions in handling 
tydrofluoric acid should be observed. 

Rinse thoroughly in cold running 

ter. Boil for at least 45 min. in a 
‘olution containing 1 to 1.5 lb. of sodium 
dichromate per gallon. Rinse thor- 
oughly in cold running water followed by 
‘dip in hot water to facilitate drying. 
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The hydrofluoric acid bath is only 
slowly depleted in use. The concentra- 
tion should not be allowed to fall below 
10 per cent. The free acid is titrated 
with NaOH using _phenolphthalein 
indicator. 

Pipette a 2-ml. sample of the hydro- 
fluoric acid solution into at least 100 ml. 
of distilled water. Add a drop or two 
of phenolphthalein indicator. Titrate 
with 1-N NaOH solution until a per- 
manent pink color is produced. The 
number of milliliters of 1 N NaOH 
required for the titration is ap- 
proximately equivalent to the percent- 
age of hydrofluoric acid in the bath. 
The concentration of the bath should 
be maintained between 10 and 20 per 
cent. 

A pipette for obtaining the bath 
sample may be made by lining a 3- or 
4-ml. glass pipette with paraffin wax 
and calibrating to a 2-ml. volume. A 
rubber bulb should be used for drawing 
the sample into the pipette. 

Depletion of the dichromate bath will 
be slow and will be indicated by a non- 
uniformity of coating or an increase in 
the time necessary to produce a coating. 
A good control can be obtained by 
maintaining the pH of the solution 
between 4.5 to 5.5 by additions of 
chromic acid. 

Containers for the hydrofluoric acid 
solutions should be lead lined. Some 
types of rubber lining such as Koroseal 
have been used successfully. 

Steel, aluminum, or most of the 
commonly used tank materials are. 
satisfactory for the dichromate solu- 
tion. The dichromate tank should be — 
fitted with a loose cover to minimize 
evaporation. 


Hydrofluoric Acid - Alkaline Dichromate 
Treatment: 


The color of the coating produced by 
this treatment is brown to black. No 
appreciable dimensional changes result. 
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After adequate cleaning, the parts are 
immersed for 5 min. in a 15 to 20 per cent 
by weight hydrofluoric acid solution. 
This solution is identical with the hydro- 
fluoric acid solution in the preceding 
treatment. Wash thoroughly in cold 
running water. 

The control of the hydrofluoric acid so- 
lution is the same as previously outlined 
under the hydrofluoric acid - dichromate 
treatment. 


Boil the parts for 45 min. in the fol- 
lowing solution: 
Ammonium sulfate (NH4)2SO, 
Sodium dichromate 


Ammonia sp. gr. 0. 
Water. 


4 fluid oz. 
to make 1 gal. 


The alkaline dichromate bath is con- 
trolled by the color of the coatings and 
pH of the solution. Depletion of the 
bath is indicated by nonuniform or pale 
coatings, slowness of coating formation, 
and by an increase in the pH of the bath 
to about 6.2. To revivify the bath, add 
a solution containing equal parts by 
weight of chromic acid (CrO;) and con- 
centrated sulfuric acid (sp. gr. 1.84) 
until the pH is decreased to 5.6. The 
best operating range of the bath is a pH 
of 5.6 to 6.0. The original solution 
level should be maintained by additions 
of water to. replace that lost by 
evaporation. 

Wash thoroughly in cold running 
water. Boil the parts for at least 5 
min. in a solution containing 1 oz. of 
arsenious acid (As,O3) per gallon. The 
arsenious acid bath (As,O3) depletes very 
slowly. Because of the low cost of this 
bath, no control is advocated. It is 
recommended that the bath be discarded 
periodically, depending on the amount 
of use. 


Chrome-Alum Treatment: 


This treatment produces a decorative 
black finish with very little change in 


dimensions. The coating is a good paint 
base but is not as protective as the 
treatments outlined previously. It js 
not recommended for prolonged outdoor 
exposure or severe service. 

After adequate cleaning, the parts are 
immersed in a boiling solution of the 
following composition: 

Potassium chrome alum (K2Cr2(SO,),- 

24 


Sodium dichromate (NazCr,07-2 H,0) 13, 
Water. ; ..to make 1 gal. 


The time of treatment to secure a 
black color may range from 2 to 15 min., 
according to the freshness of the solution. 
Upon removal from the bath, the parts 
should be rinsed thoroughly in cold 
running water followed by a hot-water 
rinse to facilitate drying. 

Treatment in a depleted solution 
results in a superficial layer of brown 
powder which may be removed by wiping 
or tumbling in sawdust or other suitable 
material. The solution may be revivi- 
fied by additions of sulfuric acid, not 
exceeding } fluid oz. per gal., or sufficient 
to just redissolve a brown precipitate 
which settles out during treatment 
The solution should be boiled to dissolve 
the precipitate. The solution may be 
revived in this manner about five times 
after which it should be discarded. 

This solution is best controlled by 
additions of sulfuric acid to maintain 
the pH between 2.5 and 3.5. The pli 
of a depleted solution is 5.5. 

The containers for the treating solv- 
tion should be either glass or pure 
aluminum. 


General Considerations: 


Selection of the proper chemical treat 
ment will depend largely on service 
conditions. For interior use, the 
cchrome-pickle coating provides 4 satis 
factory paint base. In many @% 
however, no chemical treatment may’ 
needed if the subsequent organic 
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is compatible with the metal surface. 
For ordinary exterior service the chrome- 
pickle treatment is adequate. Here 
again it is possible to eliminate chemical 
treatment, provided a proper choice of 
primer is used. For severe exterior 
service, maximum protection and paint 
adhesion is assured by the use of the 
hydrofluoric acid - dichromate, hydro- 
fluoric acid - alkaline dichromate, or the 
sealed chrome-pickle treatments. Ap- 
propriate organic finishing systems 
should always be used on magnesium die 
castings. 


PAINTING 


In general, the painting of magnesium 
die castings follows the rather well- 
established procedure for other metals. 
As in all metal finishing, the preparation 
of the surface is important. This would 
include proper choice of chemical treat- 
ment and adequate cleaning prior to 
painting. 

The chemical treatments discussed 
elsewhere in this paper ensure a satis- 
factory surface which should be painted 
immediately after treatment where 
practicable. If this cannot be done, 
the surface usually becomes contami- 
nated, and a final clean-up is necessary 
before painting. The use of vapor 
degreasing has proven satisfactory in 
commercial practice. An _ alternate 
method employs a solvent wipe or wash. 
The solvent chosen should be similar to 
that used as a diluent for the finish to be 
applied. The use of hot alkaline cleaners 
$ not recommended, since they might 
impair the chemical coating. 

The finishing schedule can employ 
either air-dry or baked materials; the 
choice of paint coatings for magnesium 
die castings depends on the conditions 
to be encountered in service. 

For interior use, organic finishes 
normally are chosen for their decorative 
Value. These may be high-gloss japan 


| 


or enamel systems or may consist of the 
popular novelty finishes such as wrinkle, 
crackle, crystal, and the like. Both 
air-dry and baked finishes can be used. 
One and two-coat systems can be em- 
ployed depending upon such variables as 
surface treatment of die castings, choice 
of finishing materials, and conditions of 
service. 

Ordinary exterior use of magnesium 
die castings usually requires a protective 
finishing system. Decorative considera- 
tions are secondary. In fact, the usual 
decorative finishes are not intended for 
exterior exposure. Normally, three-coat 
systems should be used, and the finishing 
system should be chosen for its ability 
to withstand the conditions of service to 
be encountered. 

Severe exterior exposure will include 
aircraft applications, marine exposure 
and similar applications. For this type 
of service, two coats of inhibitive 
primers, such as Navy F-27 or Army 
14-080 are recommended, followed by 
two finish coats. The finish coats for 
this service should possess maximum 
impermeability. 

Baking schedules have an advantage 
other than speed-up on drying time, 
increased adhesion, and resistance to 
abrasion. Intricate castings may be 
subject to porous areas with the result 
that entrapped moisture or air may be 
detrimental to finishes applied over 
them. Due to the fact that primers are 
usually thin coats, a baking schedule will 
force out any gases from porous areas 
without harming the primer. In the 
very few cases where a heavy first coat 
contains “craters” or “pimples” indica- 
tive of minute gas pockets below, it is 
recommended to preheat the castings 
long enough at the regular baking 
temperature to drive off any interfering 
gases. It is good practice then to apply 


the finish coat while the castings are still 
warm. 
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The recent development of infrared must be compatible with this primer to 
baking has been of considerable impor- ensure satisfaction. 
tance in speeding up the drying time in 
commercial finishing. Although baking 
systems are usually adaptable to infra- 
red radiant drying, paint manufacturers 
have cooperated by modifying their 
formulations to conform more suitably 
to the best practices of this newest 
method of baking. 


CONCLUSIONS 

It has been the aim of this paper to 
discuss all finishing methods in com. 
mercial use on magnesium die castings, 
Working details have been given 
wherever possible but in some cases it 
has been necessary to generalize. In ; 
. : ; the case of organic finishes, details o Th 
Air-dry primers are usually applied baking time, temperatures, and materials of the 
over a chemically treated surface. A are not included since such information Finis! 
primer has been developed which has _ js best furnished by the manufacturer, Com 
given satisfactory performance when The following table is a summary of the Alloy 


applied to bare metal. Finish coats information presented: — pr 
cedut 


die ca 


Mechani- Organic Finish they 
Service Conditions cal Chemical Treatment y 
Finish Sines Finish Wj 


— base 
Interior..............| Buffed | None None 1 to 3 coats of clear lacquer 


None Chrome-pickle One coat of baked | 1 or more coats air-dry, baked or this ¢ 
novelty finish 
None Chrome-pickle One coat of air-dry | 1 or more coats of air-dry enamel the | 
novelty finish Speci 
None Chrome-pickle None 1 or more coats of baked japan or spect 
novelty finishes Casti 
None None One coat of baked 1 or more coats of baked japan or ‘ 
ie novelty finish Com: 
None None One coat of special air- | 1 or more coats of compatible ename : 
ry or novelty finish differ 


Ordinary Exterior....| None Chrome-pickle One coat of baked 2 or a coats of air-dry or baked porte 
ename 
None Chrome-pickle One coat of air-dry 2 or more coats of air-dry ename Spec 
None None One coat of baked _ 2 or more coats of baked ename u 
None None One coat of special air- | 2 or more coats of air-dry ename p rp 
dry said | 


None | Hydrofluoric  acid- to th 
dichromate 
None Hydrofluoric _acid-|| (Two coats of baked in- | 2 or more coats of baked enamel In 
alkaline dichro-||| hibitive 
mate of th 
None Sealed chrome-|||Two coats of air-dry | 2 coats of air-dry enamel the 
pickle inhibitive (P-27) 
obtai 


Genera Nortes.—Baking finishes are preferred to air-dry finishes. The recommendations of manufacturers 0! 
magnesium die castings should be followed in the choice of specific organic finishing materials for the above. need 


resist 
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THE FINISHING OF ZINC-BASE ALLOY DIE CASTINGS* 


By E. A. ANDERSON! 


This paper has been prepared as part 
of the activities of Subcommittee VI on 
Finishing Properties of Die Castings of 
Committee B-6 on Die-Cast Metals and 
Alloys. Init the attempt has been made 
to present a general picture of the pro- 
cedures used in finishing zinc-base alloy 
die castings and the fields of use to which 
they apply. 

With rare exceptions all of the zinc- 
base alloy die castings manufactured in 
this country are made in accordance with 
the provisions of A.S.T.M. Tentative 
Specifications for Zinc-Base Alloy Die 
Castings (B 86-38 T),? sponsored by 
Committee B-6. While occasional small 
differences in finishing behavior are re- 
ported between the three alloys of this 
specification, they may to all intents and 
purposes be considered alike. What is 
said here about finishing applies equally 
to the three alloys. 

In the use of any metal, consideration 
of the need for finishing is based on (1) 
the desire for decorative effects not 
obtainable in the metal itself, (2) the 
need for improved wear cnd abrasion 
resistance, and (3) the need for protec- 
lion against special types of corrosive 
attack. Plated metallic, plated non- 
metallic, immersion nonmetallic, and or- 
ganic finishes may be used for decoration 
ot for protection. For convenience in 


* The presentation of this 
ponsored by Committee 


$s. 
+ ‘Chief, Metal Section, Research Division, The New 
; ey Zine Co. (of Pa.), Palmerton, Pa. 
entative Specifications for Zinc-Base Alloy Die Cast- 


— 38 T), 1939 Book of A.S.T.M. Standards, Part 


at the annual meeting 
-6 on Die-Cast Metals and 
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presenting the methods used with zinc- 
base alloy die castings, each of the five 
main fields is considered separately 


below. 


Plated Coatings for Decoration: — 


Most of the many zinc-base alloy die 
castings plated in this country each year 
are finished in chromium. For light 
service indoors, and in some cases for 
interior hardware on automobiles, nickel 
coatings of 0.0003-in. minimum thick- 
ness with an outer chromium coating of 
0.00001-in. minimum thickness are ap- 
plied. For heavier duty in outdoor 
atmospheres, thicker deposits are re- 
quired for good service. It is customary 
to build these thicker deposits with a 
sequence of copper, nickel, and chro- 
mium platings. For exterior automo- 
tive service, coatings having a minimum 
total thickness of from 0.00075 to about 
0.001 in. are normally required. The 
Society’s Committee B-8 on Electrode- 
posited Metallic Coatings has under con- 
sideration the adoption of specifications 
covering deposits of this type on zinc- 
base alloy die castings. 

Die castings usually come to the finish- 
ing department with all gates and fins . 
removed. ‘The first stage of preparation 
for plating is to grind or polish only the 
areas from which the fins and gates were 
sheared. This is usually carried out 
with setup wheels of felt, sheepskin or 
glued buffs carrying a coating of emery 
set in place with glue. These wheels 
operate with peripheral speeds of from 
5000 to 10,000 ft. per min. The particle 
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size of the emery is selected to suit the 
degree of polishing required and the last 
polishing prior to buffing is normally 
carried out with a greasy lubricant such 
as tallow on the wheel. 

Subsequent to any necessary local 
polishing, the entire casting is buffed on 
sewed cloth buffing wheels using grease- 
bound tripoli as the abrasive. These 
wheels revolve at peripheral speeds of 

[ about 8500 ft. per min. The hardness 
of the wheel, varied by the closeness and 
frequency of stitching, is selected to suit 
the particular shape being buffed. Some 
die castings are subjected to a subsequent 
coloring operating using a soft, dry, white 
compound but many finishers merely 
wipe the casting on a dry portion of the 
buffing wheel to remove excess grease. 

While the plating procedures used with 
zinc-base alloy die castings are com- 
_ parable in most respects with those used 
on other basis metals, the cleaning pro- 
cedure must be selected with the chemi- 
cal behavior of zinc clearly in mind. 
Many plants remove all or most of the 
grease in a preliminary solvent treat- 
ment. Degreasing with trichlorethylene 
is quite popular but other types of pre- 
> wet wash are used to some extent. 
Subsequent to degreasing, it is common 
practice to subject the castings to treat- 
ment in a mildly alkaline solution. In 
hand operations, where the time intervals 
are necessarily short, it is common prac- 
tice to operate the alkaline solutions as 

electrocleaners. In many plants the cur- 
rent is passed through the solution to the 
work evolving hydrogen on the surface 

; of the work. In the past year or so 

cleaners more suitable for operation with 

d 

q 

| 

( 


the current reversed, making the work 
the anode, have appeared and are enjoy- 
ing considerable use. In conveyorized 
equipment where longer time intervals 
are involved, some plants operate with- 
out the use of current but depend entirely 
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on the ability of the cleaner to saponify 
and emulsify the grease present on the 
surface. Many, however, operate the 
cleaners with current. 

While there are many proprietary 
alkaline cleaners available for use in the 
cleaning of zinc, the warning should be 
given to avoid overcleaning. Overclean- 
ing results in serious difficulty with non- 
adhesion of subsequently applied electro- 
deposits. This nonadhesion frequently 
takes the form of blistering of the coating 
when the primary deposit is copper and 
is particularly evident when the parts are 
heated. 

Subsequent to the alkaline cleaning 
operation, it is necessary that adhering 
solution, soap, etc., be removed by thor- 
ough rinsing and by the action of a dilute 
acid dip. This is usually either hydro- 
chloric acid or sulfuric acid in concentra- 
tions of the order of 1 to 3 per cent by 
volume. The time of acid dipping is 
controlled carefully since overtreatment 
in the acid, like overcleaning, can pro- 
duce a state of poor coating adhesion. A 
water rinse is always used after the acid 
dip and the work is not allowed to dry 
before plating. 

Zinc-base alloy die castings cannot be 
plated directly with nickel from the 
warm type of nickel solution commonly 
used in general plating today. For the 
relatively thin direct nickel coatings for 
indoor service, nickel solutions contait- 
ing substantial amounts of sodium sul- 
fate are used. These have been de 
scribed in detail in numerous publia- 
tions. Heavy coatings cannot safely be 
produced in this type of solutien because 
the nickel tends to crack. 

Warm nickel solutions may be used 
the deposition of heavy decorative coat: 
ings provided the zinc surface ha 
first been covered with a protective laye 
of electrodeposited copper. This is al 
most always applied from a cyanide typ 
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copper solution. Solutions containing 

Rochelle salts have been very popular 
and have been described in some detail 
in the literature. More recently a pro- 
prietary cy anide type solution capable of 
higher current efficiency than the Roch- 
dle salt solution has received consider- 
able attention. 

The nickel solutions used in conjunc- 
tion with copper primary deposits are 
those employed with other basis metals 
and need no description here. Proprie- 
tary bright nickel baths are very com- 
monly used. Chromium is deposited 
over the nickel in accordance with the 
same standard practice used with other 
metals. 

In a limited number of fields, the final 
eectrodeposit is brass, silver, gold or 
some other metal. Since all of these 
metals as well as copper have a strong 
tendency to diffuse into zinc, relatively 
heavy coatings® (of the order of 0.0003 
in.) must be applied or a nondiffusing 
primary coating must be used. Many 
brass-plated articles are first given a thin 
deposit of nickel or a somewhat heavier 
deposit of copper. The silver, brass, 
gold, etc., plating solutions used are com- 
mon to the industry and are not specifi- 
cally formulated for use with zinc. 

There are a number of methods involv- 
ing the use of current by which semi- or 
nonmetallic decorative coatings can be 
produced on zinc alloy die castings. So- 
aalled black nickel solutions or a pro- 
prietary solution of this type containing 
molybdenum salts are the most widely 
wed. The black deposits produced are 
of good uniform color and luster with 

substantial resistance to wear and cor- 
‘sion. They may be applied over a pri- 


mary nickel coating or directly on the 
zinc surface. 


sale ea of copper deposits by zinc as related to 
E cleaning practice has been studied intensively. 
Cea derson and C. E. Reinhard, ‘Alkaline 
Ee and Copper Blistering,’’ The Monthly Review, 
troplaters’ Soc., Vol. 27, May, 1940, pp. 175-183. 
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A wide variety of colors can be pro- 
duced electrolytically on copper electro- 
deposits on zinc-base alloy die castings.‘ 
There are available a few methods in- 
volving immersion replacement by which 
a finely divided metallic precipitate can 
be formed on zinc surfaces, but all of 
these normally require a coat of clear 
lacquer or wax to give them reasonable 
durability. 


Plating for Wear Resistance: 


For some applications where wear re- 
sistance superior to that inherent in the 
alloy itself is required, chromium de- 
posits of the order of 0.0002 in. in thick- 
ness are applied on the die-cast surface. 
The standard type solution is used but 
in some cases is operated at room tem- 
perature 


Organic Finishes for Decoration: — 7 


Zinc-base alloy die castings may read- 
ily be buffed to a high lustér with a color 
resembling that of chromium. This 
finish is not permanent, however, but 
dulls rapidly outdoors and more slowly 
indoors. For indoor service where expo-' 
sure conditions are mild and little abra- 
sion or contact with perspiration is 
involved, buffed surfaces protected by 
clear finishes of the type normally used 
to prevent tarnishing of silver are used 
to some extent. No successful outdoor 
applications of this type of finish are 
known. 

Most decorative organic finishes are 
pigmented or dyed to produce a color 
effect. Many of these finishes are ap- | 
plied over previously electroplated sur- 
faces to produce a color contrast with the 
bright chromium plate. Most of these 
finishes are baked or at least force dried 
to improve adhesion and speed up pro- 
duction. A wide variety of finishes is 
available for this purpose but it is con- 


4U.S. Patents 2,059,053 and 2,081,121. 
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sidered good practice to use the lowest 
possible baking temperature to prevent 
possible undesirable effects on the prop- 
erties of the die-casting alloys and to 
minimize blistering of the electrodeposit. 
While a few organic finishes have been 
formulated specifically for application to 
cleaned but otherwise untreated zinc 
alloy surfaces, the majority of organic 
finishes either do not adhere well ini- 
tially or lose their adhesion rapidly dur- 
ing service. Commercial experience has 
shown, however, that sand blasting or 
treatment in phosphate solutions will 
produce a surface condition permitting 
good initial adhesion and good retention 
of adhesion on the part of the majority 
of the commercial organic finishes. ‘This 
is particularly true of the baking type 
finishes which as a class adhere better 
than the air-drying type. These pre- 
treatments are relatively inexpensive and 
open up a wide selection of organic 
finishes for use in the decoration of zinc- 
base alloy die castings. The finisher 
normally selects his finish after due con- 
sultation with a recognized finish manu- 
facturer and takes into consideration not 
_ only the initial appearance of the finished 
article but the retention of appearance 
and the performance during service. 
Limited application has been made of 
combinations of zinc-base alloy die cast- 
ings and plastics in which thermoplastic 
materials such as cellulose acetate are 
injection molded over a core of die-cast 
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Organic Finishes for Protection: 


While the corrosion resistance of zinc- 
base alloy die castings in warm soapy 
water is good, the surfaces tend to dis. 
color and become somewhat unsightly, 
A number of baking finishes have been 
formulated with synthetic resins, such as 
phenol formaldehyde, urea formaldehyde 
and certain of the alkyds, which adhere 
well to properly pretreated zinc surfaces 
and are quite resistant to attack by the 
warm soapy water. Such finishes are 
used on zinc-base alloy die castings in 
the washing machine field and permit 
long service without change in ap- 
pearance. 


Immersion Coatings for Protection: 


While zinc-base alloy die castings cor- 
rode only slowly under most conditions 
of contact with moisture, water having 
little or no access to air attacks them 
quite rapidly with the production of 
voluminous corrosion products. In some 
applications, such as carburetors, these 
corrosion products are more detrimental 
than the damage done to the castings 
by the corrosion. To minimize this type 
of attack a patented process® has been 
developed which produces on the zinc- 
base alloy die casting by a simple immer- 
sion treatment a golden brown film con- 
taining sufficient hexavalent chromiun 
substantially to inhibit attack by stag- 
nant water. This treatment is widely 
used on carburetors, fuel pumps, ane 
automobile door and trunk locks. 


5 U.S. Patent 2,035,380. 
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AN IMPROVED HYDROMETER METHOD FOR USE IN FINENESS 


DETERMINATIONS 


By ALEXANDER KLEIN! 

This paper describes a method of test and a hydrometer with a new type 
of scale which have been developed for measuring the fineness of powdered 
materials. The hydrometer scale consists of units of surface area rather than 
the customary units of density. The method of test is generally similar to 
that usually employed when fineness determinations are made through the use 
of a hydrometer, but is simplified considerably. 

The theory and equations on which the surface-increment scale i is based 
are discussed. Brief methods of computation are illustrated which, while 
considerably more rapid than those customarily used, yield closely comparable 
results. Comparisons are made between results obtained by the brief methods 
of calculation and (1) those obtained by the more detailed hydrometer method 
used heretofore, and (2) those obtained through the use of the turbidimeter 
in accordance with the A.S.T.M. Tentative Method of Test for Fineness of 


SYNOPSIS 


} 


Portland Cement by Means of the Turbidimeter (C 115 - 38 T)? 


Of available methods for the deter- 
mination of fineness of subsieve ma- 
terials, those depending on principles of 
sedimentation are among the simplest 
and most convenient for routine relative 
measurements. Stokes’ law, employed 
in calculating sedimentation diameters, 
relates the size and velocity of falling 
particles within fairly well-defined limits. 
In general, the valid application of 
Stokes’ law is limited to particles of 
diameter greater than 1 yp. 

The applicability of the hydrometer 
method to analysis of granular materials 

' sedimentation is well established. 
However, a hough the methods gener- 

'y employed are simple, the operations 
ol preparing the test sample and cal- 

lating the fineness are lengthy. 


Research Engineer, Engineering Materials Labora- 
Vniversity of California, Berkeley, Calif. 


* 1939 Book of A.S.T_M. Standards, Part II, p. 897. 


If a sample of material such as 
portland cement is dispersed in a suitable 
liquid medium and simultaneous ob- 
servations of elapsed time and of specific 
gravity (as measured by a hydrometer) 
are made as the particles settle, the 
particle-size distribution and_ surface 
area of the sample can be calculated. 
The method and theoretical considera- 
tions have been described in detail in 
the Proceedings of the Society.’ Briefly, 
the method heretofore employed con-. 
sists of the following steps: 

1. Observations to determine the 
specific gravity of a suspension of cement 
in kerosine, at various sedimentation 
times. 


3S. B. Biddle, Jr., and Alexander Klein, “A Hydrom- 
eter Method for ‘Determining the Fineness of Portland- 
Puzzolan Cements,’’ Proceedings, Am. Soc. Testing Mats., — 
Vol. 36, Part II, pp. 310-331 (1936). 
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2. For each sedimentation time, com- 
putation of 
(a) the limiting particle diameter 
by means of Stokes’ law; and 
(b) the percentage, by weight, finer 
than the corresponding diameter. 

3. Construction of a particle-size dis- 
tribution curve from these data. 

4. Division of the particle sizes into 
fractions of sufficiently small range that 
the mean of the limiting diameters can 
be taken as the average diameter of the 
particles. 

5. Computation of the surface area of 
each fraction. 

6. Computation of the specific surface 
(surface area per unit weight of the 
total sample) by addition of the surface 
areas of the several fractions. 

The simplifications described herein 
consist of the following: 

1. Modification of the hydrometer 
dimensions to permit more rapid deter- 
minations. 

2. Substitution of isopropanol (an- 
hydrous isopropyl alcohol, CH;-CHOH.- 
CH;) for kerosine as the suspending 
medium. 

3. Substitution of a surface-increment 
scale for the density scale of the hy- 
drometer. 

4. Shortened methods of calculation. 


_ APPARATUS 


The apparatus and materials required 

are as follows: 

Surface-scale hydrometer. 

Isopropanol. 

Uranin (fluorescein sodium salt, tech- 
nical). 

Sedimentation cylinders. Cylinders 
of proper dimension (46.5 + 1.0 
mm. in diameter and having a 
volume of 375 ml.) can be obtained 
by cutting regulation ‘‘Kollegiate- 
Grade” 500-ml. graduated cylinders 
at the 375-ml. graduation. 

Stirring apparatus. The motor and 
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brush specified in A.S.T.M. Method 
C 115-38 T? are satisfactory. 
With the exception of the hydrometer 
itself, the apparatus is common labora- 
tory equipment. 


Surface-Scale Hydrometer: 


The effective depth of immersion of 
the hydrometer at any sedimentation 


a 


Liguid Level, 
(Scale reading,s) 100 


ne 


Center of 3.4. cm. 


Volume } 
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3.3m. 
Ballast 


Fic. 1.—Surface-Scale Hydrometer. 


time, shown as H in Fig. 1, is equal 
the depth through which particles of 4 
given size will fall in the given time. 
The design of the hydrometer is sud 
that its dimensions and the distance # 
are about one half those of the hydron 
eters commonly employed; thus the time 
required for particles to settle the dis 
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tance H is reduced and the total time 
required for testing is shortened con- 
siderably. 

Two scales are provided in place of 
the usual density scale. Surface area 
is indicated by a surface scale, or 
“sscale,” which is graduated to 10 sq. 
mm. The percentage of the total sample 
fner than a given particle size is in- 
dicated by a weight scale, or “W-scale,” 
which is graduated to 1 per cent. 

The hydrometer used for portland 
cement and materials reactive with 
water is designed for use with isopropanol 
or liquids of equal density. The dimen- 
sions of the hydrometer are given in 


The Liquid Medium: 


Isopropanol is of constant composi- 
tion, and its density and viscosity at 
any temperature of test need not be 
determined for each different stock of 
liquid, but values can be taken from 
published tables. Materials such as 
slag, portland cement, and quicklime, 
which are more or less reactive with 
water can be dispersed in isopropanol 
without additional dispersing agents. 
Materials such as hydrated lime, pre- 
cipitated chalk, and some paint pig- 
ments, which are likely to flocculate in 
water, are readily dispersed in iso- 
propanol. 

To facilitate reading of the hydrom- 
eter scales by accentuating the meniscus, 
a small quantity of uranin is added to 
the liquid medium at the time of pre- 
paring the test sample. For conveni- 
fnce, a 0.5 per_cent suspension of the 


In isopropanol can be prepared 
in advance. 


TEst PROCEDURE 
For any finely divided material such 
* cement, a sample for test consists of 


14.00 g. The test sample is placed in 
the hydrometer cylinder together with 
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200 ml. of isopropanol and 2 ml. of the 
0.5 per cent suspension of uranin in 
isopropanol. The contents of the cylin- 
der are thoroughly mixed by vigorous 
mechanical stirring for at least 1 min. 
The volume of the conténts of the 
cylinder is then brought up to the 350- 
ml. graduation, to produce a final con- 
centration of 40 g. of material per liter. 

The sample is then dispersed in the 
liquid by closing the open end of the 
cylinder with one hand and alternately 
inverting and righting the cylinder 
about 30 times in a period of 1 min. 
If it appears that all of the material is 
not dispersed, the process should be 
continued. As soon as the vessel is 
righted for the last time, it is placed 
immediately upon a level table; this 
instant is taken as the time of start for 
the test. 

A blank sample is made up, similar in 
all respects to the test sample, but 
excluding the cement. 

At various times after the start of 
test (sedimentation times), the s-scale 
of the hydrometer is read. The hydrom- 
eter is slowly immersed about } min. 
before each reading is to be taken and 
slowly withdrawn immediately follow- 
ing each reading, the insertion or with- 
drawal being made in about 5 sec. 
Following each observation, the hydrom- 
eter is cleansed of any accumulated 
sediment. Between observations it is 
advisable to cover the hydrometer 
cylinder. 

The blank sample is observed in con- 
junction with observations on _ test 
samples. When not in use for observa- 
tions on a test sample, the hydrometer 
is allowed to remain in the blank sample. 
The scale reading for the blank sample is 
determined before each observation of 
test samples. The temperature of the 


test sample is determined as soon as the | 


final observation is made. 


Five observations are made for each © 
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test sample. The respective sedimenta- 
tion times ¢ are scheduled so as to cor- 
respond approximately to limiting diam- 
eters D of 33.5, 19.0, 12.5, 10.0, and 7.5 yu. 
The sedimentation times used for the five 
observations, employing the hydrometer 
of Fig. 1, are approximately 2, 7, 16, 27, 


and 49 min., respectively. 


MetHops OF CALCULATION 


For convenience in calculation, the 
various quantities employed are denoted 
by symbols, as follows: 

Readings on the s-scale of the hydrom- 
eter, corrected according to the scale 
reading for the blank sample, are de- 
noted by the general symbol s, that for 
the first observation by s,, that for the 
second observation by se, and so on. 

Readings on the W-scale of the 
hydrometer, corrected according to the 
scale reading for the blank sample, are 
denoted by the general symbol W, that 
for the first observation by W;, that for 
the second observation by W2, and so on. 

The diameter of particles correspond- 
ing to s and W are denoted by the gen- 
eral symbol D, that measured at the first 
observation (33.5 w) by D,, that meas- 
ured at the second observation (19.0 u) 
by Ds, and so on. 


Particle Diameter: 


The particle diameter is calculated 
from Stokes’ law from the velocity of 
fall in a particular settling medium. 
Since the depth of immersion of the 
hydrometer depends on the weight dis- 
tribution as well as on the particle 
diameter measured at any given time, 
it is not possible to calculate exactly, 
in advance of testing, the sedimentation 
time for a particular size of particle. 
A close approximation can be made, 
as described hereinafter under “Theo- 
retical Considerations.” 

In calibrating the hydrometer, the 
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quantity H is expressed in terms of 
readings on the s-scale, in the form of 
an equation such as 


H = M (N — s) 


in which M and NWN are constants. 
The diameter of a particle of material. 

say portland cement, having a specific 

gravity of 3.15 and settling in iso 


TABLE I.—PARTICLE DIAMETER CORRESPON 
ING TO SCALE READING s AT TIME ¢. 


Diameter, 


Scale 6 min 26 min... 
Readi 5 min..| 
—— * | 45 sec. 16 min. 30 sec. | 49 


2 4 


| UN 


AO 


3 


_ 160 (1170 — s) 
t,insec. 


propanol can be calculated from Stokes 
law by the equation 


2 _ 1.837010" _ 
315—p 


the viscosity, 
the specific gravity of isopro- 
panol at the temperature 
test, 
D the diameter in microns, and 
the time of settling in seconés 
Equations 1 and 2 can be combin 
to form the equation , 


M(N—s) _ 
= 


D’=K 


in which Q is a constant. : 
For any given value of /, the diamel# 

D can be calculated for any value o 

The values of D thus obtained can * 
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ysed in the construction of a table such 
as Table I in which, for each sedi- 
mentation time ¢, values of D are shown 
corresponding to any s-scale reading. 

In Eq. 2 the quantities U and p de- 
pend on the temperature of test. For 
purposes of calculation, the temperature 
of test is taken as equal to that at which 
the hydrometer is calibrated. Com- 
puted values of D, and hence of the 


TABLE IJ.—SURFACE-AREA-SUMMATION CON- 
STANTS AND PARTICLE-SIZE DISTRIBUTION OF 
CEMENTS DISPERSED IN ISOPROPANOL AND 
TESTED WITH SURFACE-INCREMENT SCALE 
HYDROMETER. 

(Selected values only; complete table should contain about 

fifty values of s to cover the range properly) 


Particle-Size Distri- 


Summation Con- bution, percent Finer}] 
stants, sq. cm. than Limiting 
Diameter 

77 

3-Incre- 

se 3 | 
5 

1 2 3 4 5 6 7 8 9 
351.....| 352] 362} 20 4.1] 3.1] 3.3] 2.5] 572 
522.....| 522] 542] 50 | 10.3] 7.9] 8.6] 6.5] 1067 
#10 809} 842) 100 | 20.7] 16.1] 17.3) 13.2] 1892 
1108.....| 1100] 1142] 150 | 31.0] 24.4] 26.2] 20.3] 2717 
1419 1396} 1442] 200 | 41.3] 32.8) 35.2] 27.7] 3542 
1744 1700} 1742] 250 | 51.7] 41.6] 44.6] 35.7] 4367 
440 | 2342) 2342] 350 | 72.3] 60.3] 64.2] 53.0] 6017 
3337 3124) 2942] 450 | 93.0] 83.7] 87.4] 76.5] 7667 
3487) 3122} 480 | 99.2] 95.2] 97.8] 92.1] 8162 


resultant specific surface, require cor- 
rection if the temperature of test is other 
than that of calibration. 

= 


Particle-Size Distribution: 


The s-scale and the W-scale are pro- 
portional to each other. Since it is in- 
onvenient to make observations on both 
scales at the same time, the values 

W corresponding to values of s are 

ulated. The arrangement of such 
table is illustrated by Table IT wherein 

‘alues are given in column 4 and cor- 

‘ponding values of W are given in 

lumn 5. For the hydrometer em- 
ployed in isopropanol suspensions, 


The s-scale reading for the test sample 
at any time ¢ is corrected by the amount 
of the scale reading for the blank sample. 

If the temperature of test jis that of 
calibration, the scale reading for the 
blank sample is zero. If the tempera- 
ture of test is above that of calibration, 
the scale reading for the blank sample is 
above zero, and is the amount to be 
added to the corresponding scale reading © 
for the test sample. If the temperature 
of test is below that of calibration, the 
scale reading for the blank sample is 
below zero and is the amount to be sub- 
tracted from the corresponding scale 
reading for the test sample. 

From the corrected scale reading 
(s-value) at each observation, the cor- 
responding value of W can be obtained 
from Table II. At the first sedimenta- 
tion time, s; corresponds to W, or the 
percentage finer than 33.54; at the 
second sedimentation time, s2 corres- 
ponds to W, or the percentage finer than 
19.0 u, and so on. 

Values of W are not affected by dif- 
ference between the temperatures of the 
test sample and that at which the 
hydrometer is calibrated, provided s- 
values are used in the calculation of W. 


Specific Surface: 


From the available particle-size dis- 
tribution data, the specific surface can 
be calculated in accordance with es- 
tablished methods. The cadculations are 
simplified through the use of factors. 
related to a surface scale. The first 


method described below, called the — 
“conventional method,” is the most ac- _ 
curate. As compared with the sedimen- 

tation time required for the conventional 
method, the approximate methods, 
known as the “5-increment,” ‘4-incre-— 
ment,” and ‘3-increment” methods, “a 


quire sedimentation times in the ratio 
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of 100, 54, and 33 per cent, respectively. 
The more rapid methods are not neces- 
sarily of lower accuracy than the less 
rapid methods, depending on the par- 
ticle-size distribution. 

Conventional Method.—The calculation 
of specific surface by the conventional 
method consists of the following steps: 

1. Values of D corresponding to un- 


corrected scale readings for the test 


sample are taken from Table I, that 
for D, being found in column 1 opposite 
the scale reading for the first observation, 
that for D, being taken from column 2 
opposite the scale reading for the second 
observation, and so on. 


TABLE III. CORRECTIONS FOR SPECIFIC 
GRAVITY AND TEMPERATURE. 
Correction |Uncorrected Cor- 
Coefficient rected 


- Value Value 
Specific 
gravity,G 


Tempera- 
ture of 
test, T 


D or D’ 0.009 (111 + To — T) 
S, S', Sior | 0.009 (111 + T — To) 
S2 


2. From column 5 of Table II are 
taken the corresponding values of W,, 
We, etc., opposite values of etc. 
in column 4. 

3. Values of D are plotted to logarith- 
mic scale against corresponding values 
of W plotted either to a linear scale or to 
a logarithmic-probability scale. 

4. F om the diagram are taken values 
of W corresponding to particle diameters 
of 33.5, 19.0, 12.5, 10.0, and 7.5 n, 
respectively. 

5. The specific surface S is calculated 
by substituting the values of W taken 
from the diagram, in the equation 


S = 4.84 (Wi + We + W3 + Wi, 


+6W; + 50) 


(5) 
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The calculations described above are 
for materials considered to have a 
specific gravity of 3.15 and tested in 
isopropanol at a temperature T equal to 
that used in the calibration of the 
hydrometer (To). If the specific gravity 
G of the material is known, values of 
W, D, and S computed as described 
previously are multiplied by appropri- 
ate coefficients from Table III to obtain 
the corrected values W’, D’, and S’ 
respectively. The specific surface S$ 
computed from values of W’ and D’, 
is multiplied by the appropriate coef- 
ficient to obtain the corrected value 
S2. These empirical coefficients are 
precise when G is equl to 3.15 and are 
reasonably accurate when G is between 
2.4 and 3.7. 

When the specific gravity of the ma- 
terial is outside the range of 2.4 to 3./, 
or where it is desired to reduce the 
number of corrections, the original 
sample weight may be adjusted. For 
tests in isopropanol, if the concentration 


G 


liter, the values of W in column Sof 


is made equal to 


Table II are applicable. When the ad- 
justed concentration is used, values 0 
D taken from Table I are multiplied by 


ici _ 2.36 mpu- 
the coefficient 70" and co 
ted values of S are multiplied by *. 
When the temperature of test is other 
than that at which the hydrometer § 
calibrated, values of D and S§ are mu: 
tiplied by appropriate coefficients (Table 
III) to obtain the corrected values D 
and S,. This method of correction 10 
temperature makes possible the us 
the hydrometer of Fig. 1 at temper 
tures of test between 55 F. and 8! 
The use of the blank sample makes " 


unnecessary to correct W. a 
The “5-Increment” Method.—li 
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be expanded and quantities substituted 


in accordance with Eq. 4, the combined 
equation is 


S= 53+ 655+ 242. . .(6) 


The quantity (6s; + 242) can be com- 
puted and tabulated for all values of s 
asa constant C;, as illustrated in column 
3o0f Table II. Equation 6 may then be 
expressed as follows: 


S = 5 + Sot ss + + Cs. .(7) 


in which s;, Se, etc., are the corrected 
scale readings (s-values). 

The specific surface can be computed 
directly from the values obtained from 
the surface scale, without determining 
the particle-size distribution, and can 
be corrected for specific gravity and 
temperature, if necessary, by means of 
the appropriate coefficients. 

The “4-Increment” Method.—It has 
been established that portions of par- 
ticle-size distribution curves plotted to 
logarithmic-probability scales are sub- 
stantially straight lines, particularly be- 
tween 5 and 15y.4 The feasibility of 
limited extrapolation from such a di- 
agram is acknowledged, and values so 
obtained are considered reasonably ac- 
curate. By limiting the number of ob- 
servations in the hydrometer method to 
four and estimating the value which 
would be obtained at the fifth observa- 
tion, values of specific surface can be 
obtained which approximate closely 
those obtained through the use of five 
observations. Similarly, the number of 
observations can be limited to three, and 
extrapolated values can be used for the 
omitted observations. The method of 
extrapolation is as follows: 

A particle-size distribution curve is 
plotted, with diameters to logarithmic 
scale and percentages to logarithmic- 
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probability scale, as a straight line for 
diameters from 7.5 to 12.5 yu, the line 
having a slope such that the percentage 
W at 7.5 u is twice the percentage W at 
3.75 u. A group of such curves is then 
drawn between limiting curves, where 
one limiting curve shows the distri- 
bution of a material having 99 per cent 
finer than 7.5 4, and the other limiting 
curve shows the distribution of a material 
having 1 per cent finer than 7.5 yp. 


From each curve are determined the 
ratios 


Then, Ws = W.Ri = 


and W, 


Values for each ratio (R;, Ro, and R3) 
are plotted against various values of 
4.84 W (or s), those for Ry being plotted d 
against 4.84 times the corresponding 
values of W, in Eq. 8 and those for R» 
and R; being plotted against 4.84 times 
the corresponding values of W3. 

The last three terms of Eq. 6, that is, 
54 + 655 + 242, are rewritten 


4.84 W, + (4.84) (6.0) W4R; + 242 
or 4.84 W,(1+ + 242 
or (1 + 6 R;) 2742 = C4. . (10) 


Values of C, corresponding to any value: 
of s, can then be calculated and tabulated 
as illustrated in column 2 of Table II. 
Equation 6 can be rewritten 


pe B. Austin, “Methods of Representing Distribution 
lee Size,” Industrial and Engineering Chemistry, 
‘nalytical Edition, Vol. 11, June 15, 1939, pp. 334-339. 
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should be noted that ss, the value at the 
fifth observation, can be estimated from 
the value of Ws by use of the relation- 
ship s5 = 4.84 Ws, as illustrated in 
columns 4 and 5 of Table II. 

The sedimentation time required for 
the observation corresponding to a 
diameter of 10.0 uw (the fourth observa- 
tion) is only 54 per cent of that required 
for an observation at 7.5 uw; about 20 


min. is saved by omitting the fifth 


observation. 

The ‘3-Increment” Method.—In a 
manner similar to that employed in the 
4-increment method, the last four terms 
of Eq. 6, that is, ss; + s4 + 6s5 + 242, 
can be written 


4.84 (W3 + W3R3 + 6 W3R2) + 242 


S53 + 53 (R3 6R2) 242 
or C3 


and Eq. 6 can be written in the form 
5 = Sy + Se ‘C3. (12) 


All values of C3 corresponding to 
values of sz; can be tabulated, as il- 
lustrated in column 1 of Table II. 
Equation 9 can be employed to estimate 
values of W, and Ws at corresponding 
values of s3, as illustrated in columns 7 
and 8, respectively, of Table II. 

In the application of Eq. 12, only 
three observations on the test sample 
are required, observation is made only 
to a particle diameter of 12.5 4 and 
values of W at 10.0 and 7.5 yu are es- 
timated. As before, values of s4 and Ss 
for the omitted observations can be 
computed from values of and Ws, 
turough the use of columns 4 and 5 of 
Table I. 

The sedimentation time required for 
the observation corresponding to a 
diameter of 12.5 uw is only 33 per cent of 
that required for observation at 7.5 yp; 
about 30 min. is saved by omitting the 
fourth and fifth observations. 
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Special Methods of Calculation: 


In the methods of calculating specific 
surface from the particle-size distribu. 
tion data, as used herein, the material 
has been divided for purposes of com- 
putation into six fractions between 
limiting diameters of 124, 33.5, 190, 
12.5, 10.0, 7.5, and O yw. In common 
with the principles employed in the 
A.S.T.M. tentative method employing 
the turbidimeter (C 115 — 38 T),? it has 
been assumed that the surface mean 
diameter for the fraction finer than 7.54 
is equal to 3.75 uw; this is equivalent to 
assuming a linear distribution below 7.5 
uw. The use of six fractions in com- 
puting specific surface, as employed 
above, yields results which for the same 
cement are in fair agreement with results 
obtained following the A.S.T.M. pro- 
cedure. 

If the material finer than 7.5 y be 
divided for purposes of computation 
into six fractions between limiting diam- 
eters of 7.5, 5.0, 4.0, 3.0, 2.0, 1.0, and 0p, 
assuming a linear weight distribution, 
the computed surface area for the ma- 
terial finer than 7.5 yu will be 1.9875 times 
that obtained when computing th 
surface area for a_ single fraction, 
7.5 to Op. 

In order to compute the fotal speci 
surface S,, of the material from eleve 
fractions, of which six are below 7.5 », 
the quantity 1.9875 is taken as 2.0, and 
the results of observations are then em- 
ployed in one of the following equations: 


Sy» = 81 + + 53+ 54 + 16.5 55 


S» 4.84 (W, + We + 
16.5 Ws + 50)...-(4 


For the same materials, the values . 
specific surface as computed by E4. I 
or Eq. 14, will compare closely with those 


obtail 
meth¢ 

Th 
combi 
tabule 
Value 
either 
5-incr 
the 
emple 
Table 
of va 
incre] 
5, 
propr 

If 
mate! 
size | 
t 
from 


| 
| 
| 
in wh 
the | 
| 5.0, 4 
| T. 
| Th 
Eq. 
| by t 
the d 
weig! 
eter, 
| sedin 
| obser 
Equa 
| Su 
| Th 
for 
the ¢ 
| Surfac 
Januar 


KLEIN ON HyDROMETER METHOD FOR FINENESS DETERMINATIONS 


obtained by the  air-permeability 
method.° 

The last two terms of Eq. 13 can be 
combined into a single constant and 
tabulated, as in column 9 of Table II. | 
Values of S, can be computed, using 
either the conventional method or the 
5-increment method in accordance with 
the procedures described above and 
employing either Eqs. 13 and 14 or 
Table II. Similarly, through the use 
of values of R determined for the 4- 
increment and the 3-increment methods, 
S, can be calculated through the ap- 
propriate use of Table II. 

If the particle-size distribution of the 
material is known over the complete 
sie range to a minimum diameter of 
1 y, the specific surface can be calculated 
from the expression, 


61 


+ + 2W; + + 
+ 52Wio + 50)... .(15) 


in which We, Wz, Ws, Wo, and Wyo are 
the respective percentages finer than 
5.0, 4.0, 3.0, 2.0, and 1.0 p. 


THEORETICAL CONSIDERATIONS 


There follow (a) the development of 
Eq. 5 which is required for calculations 
by the methods described above, (6) 
the development of the surface-area and 
weight-distribution scales of the hydrom- 
eter, and (c) the determination of the 
sedimentation time required for each 
observation. 


Equation for Calculation of Specific 
Surface: 


_ The specific surface of any material 
lor which the particle-size distribution 
is known can be calculated by means of 
the expression? 


L. Blaine, “Studies of the Measurement of Specific 
ace by Air Permeability,””» ASTM BuLLetIN, No. 108, 
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where 
S 


G 


AW 


Cc. 


+ 


centimeters per gram, 
the percentage of the material 

and 

limiting diameters D, and 
For the separate fractions, AW» 
and D,, D,, and D2, and mean diameters 
equals 
If for purposes of computation it is as- 
has limiting diameters of 7.5 and 0 yp, 

0.5 
1.5 ds 
10.5 
such that (see Table IV) 


the specific surface, in square 
the specific gravity of the 
material, 
contained between limiting 
diameters D; and Daz, etc., 
d = the average diameter rep- 
_ resented by the mean of the 
D2, etc., for the particular 
fraction represented by AW. 
100 W,, AW, = W, Wa, with 
corresponding limiting diameters of Do 
d, and respectively. The surface 
area represented by each fraction AS 
600 (100 — Wi) 600 (Wi — We) 
G d, G 
sumed that the material consists of six 
fractions and that the finest fraction 
Eq. 16 can be expanded, each term 
multiplied by unity, and written 
G 
1.5/Wi— W2 25 
( a: ) 
3.5 (Ws — ws) ws) 
3.5 ds 4.5 ds 
10.5 \ 3.75 
If values of d are substituted in Eq. 17 
0.5 d; = 1.5 dy = 2.5 dz = 3.5 d, = 4.5 ds 
= 10.5 X 3.75... .(18) 
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- there can be written the expression 


50+ Mit Ws 


+Ws+ Ws + 6Ws).. .(19) 


which is the general expression for the 
specific surface of a material consisting 
of particles having diameters less than 
124 w. For a material having a specific 
gravity of 3.15, Eq. 19 reduces to the 
form shown in Eq. 5. Equations 5, 13, 
14, and 19 are applicable to calculation 
of specific surface from any particle-size 
distribution data, and are completely 
independent of the methods used to 
determine such data. 

Specific surface in terms of surface 
area per unit of absolute volume is re- 


TABLE IV.—MEAN AND LIMITING DIAMETERS 
TO YIELD INTEGRAL COEFFICIENTS. 
Minimum Mean 
Diameter, Diameter, 


Maximum 


Number of Diameter, 


Fraction 


78.75 
26.25 
15.75 
11.25 
8.75 
3.75 


ceiving increasing attention and favor. 
Such a quantity is useful for the com- 
parison of the particle-size distribution 
characteristics of several materials on the 
basis of the same number of particles 
and is therefore the most representative 
measure of relative fineness. If, in Eq. 
19, the denominator G is replaced by 
unity, or any value of specific surface per 
unit of weight be multiplied by G, the 
resulting value will be the specific surface 
per unit of absolute volume. 


Development of Hydrometer Scales: 


Where tests are conducted with a 
hydrometer equipped with a density 
scale, the percentage W of the original 
sample composed of particles of size D 
or less is computed from the equation 
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10° G 


where r is the specific gravity of the sus. 
pension, read from the hydrometer 
scale. The concentration Wo, the 
specific gravity G of the material, and 
the specific gravity p of the liquid 
medium are known constants at a given 
temperature of test. Therefore Eq. 20 
can expressed 


W = Zr 


in which Z and p are constants. Equa- 
tion 21 shows that W is proportional to 
(r — p). A W-scale for the hydrometer 
is constructed such that its zero occurs 
when r equals p, and such that 100 units 
on the scale correspond to Z(r — ) at 
the original concentration Wo. If any 
concentration Wp» other than 40 g. per 
liter is used in testing, the scale values of 
W can be corrected by the factor 7 
If the W-scale is multiplied by 4.8 
and if 4.84 W, is denoted as %, 4.84 
W2 as Se, and so on, Eq. 5 becomes 


S = 55+ Sot 53+ 54+ 655 + 242... (6) 


The quantity 4.84 W, or s, is in terms of 
surface area and represents an increment 
of the total specific surface. Therefore 
the modified scale, 4.84 W, is a surface- 
increment scale with limits of 0 and 484 
sq. cm. corresponding to limits of 0 per 
cent and 100 per cent. 

Both the W-scale and the s-scale are 
extended so that the hydrometer cat 
be employed at temperatures other than 
that of calibration. 


Determination of Sedimentation Times: 


For a hydrometer having the dimen 
sions shown in Fig. 1 and for material 
settling in isopropanol, ¢ can be cal 
culated for any given diameter and for 
various values of s by use of Eq. 34% 
illustrated in Table I. If the set 
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mentation time ¢ is computed for W equal 
to 0 per cent (s = 0) and W equal to 
100 per cent (s = 484) for any diameter 
D, then the difference in the extreme 
values of ¢ from the mean value of #, 
corresponding to the maximum possible 
error in timing, is 26.0 per cent; and the 
maximum percentage of error in any 
diameter is 11.2 per cent if W is between 
(and 50 per cent, and is 13.7 per cent if 
W is between 50 and 100 per cent. The 
error in square centimeters per gram is 
greatest in the fraction finer than 7.5 yu, 
since most of the surface area is in that 
fraction. 

The surface area of the fraction finer 
than 7.5 » is computed from the ex- 
pression 


in which D is 7.5 uw and W is the per- 
centage finer than D. Any error in 
timing will result in differences between 
computed and observed values of both 
Wand D. If, for example, the observa- 
tion is delayed beyond the correct value 
of t, the computed values of both W and 
D) will be too small. However, the error 
in the ratio W/0.5 D will be less than that 
of either W or De 

a rate of change in the quantity 
05D depends on the slope of the given 


particle-size distribution curve; and for 
any distribution the change in W de- 
pends on the change in either D or t. 
The slope of any given distribution 
curve can be determined at D equal to 
‘54 from columns 7 and 8 of Table II. 
For example, the slope of the distribution 
‘urve at Ws equal to 27.7 per cent finer 
than 7.5 uw and W, equal to 35.2 per cent 


finer than 10.0 p, i 35.2 — 27.7 
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With maximum error in timing the 
100 
or 0.84 » when W is between 0 and 50 
per cent, and the maximum change in 
Also, 


maximum change in D is 


W; is 3.0 X 0.84 or 2.5 per cent. 


the maximum change in 


277-25 
0.5 (7.5 — 0.84) 


0.17 100 
7.57 — 7.40 = 0.17 which is 740 

or 2.3 per cent. Similarly the maxi- 
mum errors at Ws equal to 13.2, 53.0, 
and 76.5 per cent are, respectively, 1, 4, 
and 8 per cent. The greatest error 
occurs when W, lies between 70 and 80 
per cent. For the average of all of the 
distribution curves which can be selected 
from Table II, the maximum error will 
be about 4 per cent and the mean error 
about 2 per cent. 

For values of Ws; between 0 and 60 
per cent the mean errors due to incor- 
rect timing are below 2 per cent. Since 
most of the materials likely to be tested 
will have 0 to 60 per cent finer than 7.5 
u, the timing is standardized for a ma- 
terial having a distribution of 72, 56, 45, 
38, and 30 per cent finer than 33.5, 19.0, 
12.5, 10.0, and 7.5 yw, respectively. On 
the basis of this timing, comparisons of 
numerous results calculated by approxi- 
mate and conventional methods show a 
maximum error of 4.4 per cent and an 
average error of 2.3 per cent. The 
probable error for all conditions will be 
somewhat lower. 


TEst RESULTS 


In Table V are shown values of specific 
surface as computed by approximate 
methods and by the _ conventional 
method.. The materials tested include 
portland cements, portland-pozzuolana 
cements, and masonry cements. The 
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average difference between results ob- method employing the 5-increment sampl 
tained by the 3-increment or the 4-incre- method of calculation. The samples ratio « 
ment method and those obtained by the include four portland cements of dif. eleven 
5-increment method is less than 2 per ferent fineness. Tests were conducted six fra 

three operators. experience of mater 
TABLE V.—SPECIFIC SURFACE D MINE wo operato ; mie 
VARIOUS METHODS OF CALCULATION. perators was limited to a single 
—_————- demonstration of the test method; the TABLE 
Specific Surface, sq. cm. per g. results of the first tests of these two ANA 
Operators are included in > table 
Material 3-Incre-| 4-Incre-| 5-Incre- pnd the table. 
ment, | ‘ment | ‘ment. | ional 1e maximum difference between dup- 
Method Method |Method' Method — licate determinations is 2.2 per cent, 
Portland cement the maximum deviation from the mear Particl 
No. 1.......... of all values by all operators is 2.4 per — 
cent, and the average deviation from 
TABLE VII—SPECIFIC SURFACE DETERMIN! 
BY TWO TEST METHODS. ---- 
0.0... 
2120 2120° 
1950 19504 | Surface, sq. cm. per 
. | By Hydrometer, C 
2080 1980 Portland Cement | ventional Metho 
2150 2100 A S M. = 1.5 
2420 2420 Method Six Elev 
Fractions | Fracti * Sta 
@ Cement Reference Laboratory standard sample No. D 422 - 
114c. Il, p. 4 
¥ x0 per cent of portland cement No. 6, 20 per cent of 4 
pozzuolana. 
€ Specific surface computed from that of constituents, 
2100 sq. cm. per g. : —— 
Specific surface computed from that of constituents, 
1930 sq. cm. per g. 
TABLE VI.—REPRODUCIBILITY OF RESULTS 
OBTAINED BY 5-INCREMENT METHOD. 
_ “Cement Reference Laboratory standard sam 
Specific Surface, sq. cm. per g. No. 114c. 
Operator 
Cement | Cement | Cement | Cement 
No. 12 | No. 13 | No.14 | No.15 mean of all values, by all operators 
A (2 tests)....| 1468 (9) | 1803 (11)! 2163 (19)|2498 (0) is 1.2 per cent. 
2 tests). ...| 1460 (13)| 1798 (20), 2150 (13)|2487 (20) Tahle VIT 
C (4 tests): 1496 (15)| 1838 (15)| 2215 (13)]2557 (15) lable \ It compares values of specil Fly ash 
Average | i813 surface obtained by the hydrometer and 
- « employing two methods of calculation, Clay 
Deviation, per > idi 
pomeye and by the W agner turbidimeter e tor mi 
mean ploying the A.S.T.M. _ procedure. 
Maximum. . 2.4 2.3 2.4 a3 , ° far Slag A 
Average... 1.2 1.1 1.2 1.2 Values obtained using six fractions 10! Sar Be 
f Nore.—Values in parenthesis are maximum deviations the total material, and employing bas! Calcium 
assumptions in agreement with those ‘ 
the turbidimeter calculations, are ™ Fin 
cent. The average difference between reasonably close agreement with tur Viale 
results obtained by the 5-increment bidimeter values. The maximum di Fin 
method and those obtained by the con- ference between results obtained by the Tricalei 
ventional method is about 1 per cent. two methods is 3.8 per cent, the aver Alumni 
Table VI indicates the degree of repro- age difference is 1.9 per cent, and th “a 
ducibility obtained with the hydrometer average deviation from the mean of a Be 


i 
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samples is less than 1 per cent. The 
ratio of specific surface computed from 
deven fractions to that computed from 
six fractions is 1.44 to 1.91; the finer the 
material the higher the ratio. As previ- 


TABLE VIII.—COMPARISON OF MECHANICAL 
ANALYSES OF SOILS BY TWO HYDROMETER 
METHODS. 


Particle-Size Distribution, cumulative per cent 
finer than indicated particle diameter 


Soil C 


Particle 
Diameter, 


Hydrometer® | 


Surface-Scale 
Hydrometer 
S.T.M. 
Hydrometer® 

Surface-Scale 
Hydrometer 
Hydrometer* 

Surface-Scale 
Hydrometer 


gag | A. 


Nc 
a 


19.2 
12.6 | 


w 

= 

oo 
HOA WOH 


* Standard Method of Mechanical Analysis of Soils 
ewig 1939 Book of A.S.T.M. Standards, Part 
p. 453. 


a 


Specific 


Liquid 
Gravity 


Material Medium 


| Water 
Water 
Water 
Water 


mix A (dry process)......... 


Water 
mix B (slurry) 


Water 


Isopropanol 
Water 


NN 


Water 
Water 
Water 


ium phosphate 
fraction 


Water 
ne fraction 


Water 


Water 


Isopropanol 


ously explained, the possible limits of 
this ratio are 1.0 and 2.0. 

Table VIII is a comparison of the 
particle-size distributions of three soil 
materials. With the A.S.T.M. hydrom- 
eter the standard procedure was used. 
With the surface-scale hydrometer, the 
testing procedure was substantially the 
same, but the specified water-bath 
temperature control was not used, and 
calculations were made in accordance 
with the methods described herein. In 
no case do corresponding values differ 
by more than 2.1 per cent of the total 
sample. 

Table IX indicates the wide applica- 
bility of the hydrometer method. In- 
cluded are results for certain materials of 
abnormal particle-size distribution for 
which relatively large differences exist 
between values obtained by the 5-incre- 
ment method and those obtained by the 


TABLE IX.—SPECIFIC SURFACE OF MATERIALS OF VARIOUS TYPES. 


Specific Surface 


Volume Basis, 
sq. cm. per 
cu. cm. 


Weight Basis, sq. cm. per g. 


5-Incre- 
ment 
Method 


Conventional Method 


Eleven Fractions 


Six Frac- Eleven 
tions* 


Fractions* 


Assumed® |Observed” 
3250 
2910 
2870 
3060 


5 670 
3 500 
4 830 
3020 5 690 
3250 
2970 


3240 
3050 


5 930 
5 490 


3780 
2990 


1620 
4010 
4380 


1605 
4950 


4000 


; Assuming linear distribution below 7.5 p. 
‘ased on observations to 1yu;seeEq.15. 
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00.0... 
0.0.......| 21.2 | 21.2 
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14.9 | 14.9 
$.0......| 12.8 | 12.4 
| | | 
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. for 0 6 260 16 900 . 
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e in 4450 8 490 8 740 23 900 | 
tur- | 
-- 5180 |_| 9 860 9 700 23 300 { 
y the 
3840 6 900 7 700 18 500 
the 5200 5550 | 10400 26 200 j | 
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conventional method. In this connec- 
tion, attention is called to the condition 
that values of specific surface as deter- 
mined by different types of apparatus 
may agree closely, yet the particle-size 
distribution can vary considerably. 
In the last column of Table IX are 
given values of specific surface on a basis 
of surface area per unit of absolute 
volume. Since particle size as between 
different materials is essentially a func- 
tion of volume rather than weight, the 
volume basis is more useful than the 
weight basis for comparative purposes. 


CONCLUDING REMARKS 


It is recognized that the limitations in 
the application of the hydrometer to the 
determination of fineness are in ac- 
cordance with the limitations in the use 
of Stokes’ law; to this extent the useful- 
ness of any sedimentation method is 
limited. There are several inherent ad- 
vantages in the hydrometer method 
which justify its use in both practical 
and theoretical applications. The prin- 
cipal advantages of the hydrometer and 
the hydrometer method are: 

1. The results obtained by hydrom- 

methods are substantially inde- 

pendent of all properties of a material 
other than those properties directly 
related to its fineness, namely, size, 
shape, and distribution. 

2. No mechanical or electrical equip- 
-ment (other than the stirring apparatus) 
is required. 

3. The characteristics of the hydrom- 
eter do not change, and only an initial 

4. Particle-size distribution can be 
obtained by hydrometer methods with 
a speed and accuracy which are the equal 
_ of any other present method. 

The method described herein con- 
forms in all essential respects to the 
- principles and applications developed by 
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previous investigators including Boyou- 
cos, Casagrande, Hogentogler, Willis 
and Johnston, and others. The con- 
ventional method of calculation is a 
highly condensed form of a method of 
established standing. The  depend- 
ability of the apparatus and method are 
independent of the assumptions made 
with respect to the surface mean diam- 
eter of the finest fraction; these assump- 
tions have been made by the author 
merely in order that values of specific 
surface as determined by the hydrometer 
shall be of the same order as those deter- 
mined with several other types of ap- 
paratus. ‘There are also provided meth- 
ods of calculating specific surface which 
yield values believed by some investi- 
gators to approach more closely to the 
true values, and methods of calculating 
the specific surface in units of absolute 
volume. The approximate methods of 
calculation have been included in the 
interest of a wider and more economical 
application of the hydrometer. The 
great bulk of commercially produced 
powders have normal particle-size dis- 
tributions, and the use of the approxi- 
mate methods for the determination of 
fineness of such materials is justifiable 
and desirable. 
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TESTS OF 


half bricks, of freezing and thawing for 
of 20 F. and —20 F., respectively. 


was similar to samples tested in 1938. 


The effect of certain variations in the 
method of making freezing-and-thawing 
tests on the resultant disintegration of 
selected and presumably similar samples 
of brick was reported in 1938.2 The 
influence of intensity and speed of freez- 
ing had not been investigated for the 
reason that the equipment then available 
did not provide for temperature control. 
Subsequent to the publication of these 
results? the National Bureau of Stand- 
ards built a freezing apparatus conform- 
ing in principle to that described by 
Scholer and Stoddard* and meeting the 
requirements of the apparatus described 
in the Society’s Tentative Method of 
Test for Soundness of Aggregates by 
Freezing and Thawing (C 137 - 38 T).4 
This equipment provided a constancy 
and reproducibility of freezing condi- 


‘Junior Technologist, and Senior Technologist, re- 


peively, National Bureau of Standards, Washington, 


The W. McBurney and A. R. Eberle, “Freezing-and- 
: awing Tests for Building Brick,’”’ Proceedings, Am. 
Treating Mats., Vol. 38, Part II, p. 470 (1938). 

of T -H. Scholer and A. E. Stoddard, ‘Proposed Method 
a — Concrete and Concrete Aggregates by Freez- 
Vol 32 Proceedings, Am. Soc. Testing Mats., 


. 364 (1932). 
1939 Book of ASTM. Standards, Part II, p. 990. 


EFFECT OF FREEZING TEMPERATURE IN FREEZING-AND-THAWING 


By JosepH C. RICHMOND! AND JoHN W. McBurney! 


SYNOPSIS 


This paper reports the effect on the resulting disintegration of two samples of 
These two samples were formed by break- 


ing bricks of a single sample into half bricks. 
group of bricks formed by the dry-press, 
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BRICK 


e 


50 cycles using freezing temperatures 


The sample included a picked 
soft-mud and stiff-mud processes and 


tions and temperatures unobtainable in 
the ordinary freezing chamber and thus 
made possible the tests reported in this — 


paper. 


PREPARATION AND PROPERTIES OF 
SAMPLES OF BRICK q 


The 1938 paper? described in detail the | 
preparation and properties of a series of 
twelve samples of bricks and reported _ | 
the results of freezing and thawing on — 
eleven of these samples. In summary, | 
samples 1 to 7 were frozen and thawed | 
in the laboratory by methods 1 to 7; 
samples 8 to 10 were subjected to weath- 
ering by outdoor exposure and sample 11 : 
was used as a check against sample 1 
since it was frozen and thawed by the © 
same method (method 1). In the pres- 
ent investigation bricks from the re- 
maining sample (12) were broken trans-— 
versely and the two sets of halves 
constitute the current samples a and b. 
Sample @ was frozen by method a 
(20 F.) and sample 6 by method 5b 
(—20 F.). 

Five types of brick are included, as 
follows: Brick A is a salmon dry-press 
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968 RICHMOND AND McBuRNEY iz 
TABLE I._COMPARISON OF EFFECTS OF FREEZ- TABLE IJI.—COMPARISON OF EFFECT OF FREFz. clay I 
ING AT 20 F. AND AT —20 F. ON A SAMPLE OF ING AND THAWING AT 20F. AND —20F. ON A 
A DRY-PRESS CLAY BRICK (BRICK A). re OF A SOFT-MUD CLAY BRICK (BRIcK B,as 
. . Original Dry Weight, or Number | : . ss in Weight as Percentage of 
of Cycles to Breakage (B—c) Original Dry Weight, or 
Speci- Bricks : a Half of Cycles to Failure (F~c) to hai 
men 25 cycles | 34 cycles | 50 cycles Bricks 
Specimen| 25 cycles | 34cycles | 
Bricks 5 ols OF nore; 
2 | 2 | | 28 Bricks | o |<. This | 
Alnin |\n |H a n ES | ER 
¢ a 
0.18 |0.26| 0.27 | 0.68 | 0.45 
0.94 |1.57| 1.13 | 2.12 | 1.60 1¢ 0.637] 0.650] 0.22 | 0.36|0.37] 0.72/0.74] 1.07 salmo 
3A 0.65 |1.39] 0.74 | 2.35 | 1.20 2C_.....| 0.645] 0.647] 0.67 | 0.48/1.01] 0.67/1.34) 0.87 
4A 0.851\0.839|0.55| B2ic |0.64 1.11 3C _ 0.670] 0.675| €.39 | 0.50/0.49| 0.67/0.98] 0.83 min 
B22c |0.56 0.65 4C__....| 0.651] 0.676] 0.83 | 0.46]1.19] 0.61/1.43] 0.91 The 
6A......|0.846|0.835|0.75| 1.52 |1.00] B30c| 1.33 0.694] 0.699] 0.46 | 0.30/0.68] 0.52|1.03] 0.97 
1.01 |0.76| B32c | 0.93 0.701| 0.709] 0.28 | 0.53|0.36] 0.79/0.64) 1.32 sets 
0.76 10.79] 0.98 | 1.03 | B35c 0.726| 0.737| 0.31 | 0.32/0.39] 0.76|0.86| 1.08 
10.852]0.843]0.87| 0.76 |1.09] 1.10 | 1.53 | B36c 8C......| 0.738] 0.738] 0.79 | 0.34/0.99] 0.43/1.58) 0.77 detert 
OA 0.859/0.854/0.50] 0.85 |0.80| B33c| 1.09 9C__....| 0.745} 0.757] 0.33 | 0.32/0.50] 0.32/1.00] 0.74 
11A 0.855|0.844|2.98| 1.64 |3.47| B32c| 3.87 0.715| 0.750] 0.52 | 0.56|0.65| 0.64|1.17] 1.20 III, 
12A 0.848|0.84210.26] 0.57 |0.52| 0.85 | B46c| B37c 0.763] 0.766] Féc | F7c}....] ....]....]. 
13A 0.853/0.856|0.44| B22c |0.61 0.87 0.763} 0.750| 0.34 | 0.72/0.42] 0.93|0.76| 1.78 bricks 
14A...... |0.845|0.837/0.29| 0.25 |0.49] 0.25 | 0.68 | B38c = 13C......| 0.773] 0.769] Fi7c | 5.99]... .| F34e hoilin 
0.34 10.78] 0.52 | 0.97 | B35c 14C......| 0.765} 0.760) 4.25 | 2.5216.07] 4.11|7.19] 7.47 
16A 0.863|0.854/0.83| 0.78 |1.47| B29c]} 1.74 15C......| 0.796] 0.789] Fic F2c]}....| .. them 
17A......|0.867|0.861|0.76| 1.84 |0.93| B32c | 1.34 0.766] 0.812| 2.27 | 3.06|3.57| 4.60/4.79| 8.58 
$8A..... 0.869|0.855|0.94| 1.41 |1.17| 1.62 | 1.84] B40c 17C...... 0.782| 0.789] F3c | F2c|....] ....|....|. cients 
0.857/0.860\0.97| 0.56 |1.65| B29c | 2.08 18C......| 0.788] 0.810} Fic | Fic]... 
0.878|0.874|0.48| 0.48 |0.61| 1.06 | 1.03 | B40c 19C...... | 0.796| 0.804] F2c | F2c}....] ....}....). in the 
Avg. ..|0.850/0.846 0.816) 0.815) F3c eal... T. bl 
Avg. ..| 0.736] 0.745 able 
TABLE II.—COMPARISON OF EFFECT OF FREEZ- The 
ING AND THAWING AT 20F. AND —20F. ON sentec 
OF A SIDE-CUT SHALE BRICK (BRICK 
). stuc 
Ss Loss in Weight as Percentage of Original ING AT 20F. AND | —20 F. O} a . ol the 
7 Dry Weight, or Number of Cycles to OF A SIDE-CUT CLAY BRICK (BRICK D). ration 
2 Failure (F—c) or Breakage (B—c) => 7 
Specimen 2 ati Original Dr eight, or Number 
34 2 cycles | 34cycles | 50 cycles (F—c) of 
of Whole Speci- of Half Breakage (B—c) 
25 | 2 25 Number 25 cycles | 34 cycles | 50 cycle mined 
n n n n n n Brick 2 s 
— 2 2 25 and 7 
iB 0.800] 1.00 | 0.96 | 1.36 | 1.24 | 1.79 | 1.92 | om le 
2B 0.805] 1.59 | 2.05 | 2.72 | 3.30 | 3.78 | 4.54 E | | ture, 
3B 0.810] 1.15 | 2.18 | 1.86 | 3.16 | 2.57 | 4.59 a A | an 
4B 0.815] 3.38 | 1.43 | 9.01 | 1.83 | F34c} 2.79 ane | (C67 
5B 0.815] F21ic| Féc ; iD 0.853 |0.847 | 0.30 | Bi3c | 0.30 F48c | Pre 
6B 0.820] F1i7c| F8c 2D ....|0.832 |0.855 | 0.24 | Blic 0.24 0.39 | re 
7B 0.815] F24c| Flic 3D ... .|0.864 10.853 | 0.41 | B19c | 0.41]....| 0.74 | from | 
8B 0.825] 1.04 | 1.78 | 1.49 | 2.18 | 1.87 | B43c 4D ....|0.868 |0.864 | 0.72 | B15e | 0.72 0.72 | om. 
9B 0.825| 1.67 | 4.29 | 3.82 | 8.31 | B36c| F35c 5D 0.884 |0.875 | 0.60 | Bi7c | 0.60 Ba 6c | samp] 
10B 0.830] 1.27 | 1.60 | 1.63 | 1.91 | 6.88 | B48c 6D (0.874 \0.867 | BiSc | B10¢ Pp 
11B 0.825} F9c- | F20c 7D ... |0.869 |0.878 | 0.50 | Bide | 0.50 0.0 contai 
12B 0.835] 4.03 | Fi7c | F32c 8D 0.869 |0.883 | 0.28 | Bi2e | 0.28 0.56 : 
13B 0.835] 5.67 | Féc | F27c 9D 0.899 10.900 | 0.35 | Blic | 0.35|....| 5.13 In sec 
14B 0.845| F2c | F2c | .... 10D 0.873 |0.896 | 4.36 | BSc | F34e , 
15B 0.840| Flic| F7c | .... 11D ... .|0.885 |0.891 | 0.30 | Bi3c 0.30}. ...| 0.50 tainer 
12D ....|0.895 |0.885 | 0.34 | Bi2c | 0.94]....| 7-12 
17B ......| 0.845] F22c| Fi4c| .... | .... | .... |... 13D _.. 10.894 |0.898 | 0.40 | B7c | 0.40 0.56 
14D ....|0.888 |0.885 | 1.00 | B4c | 1.09 | F46c There 
15D ....|0.896 |0.909 | 0.54 | B&c 0.54]....| 0.54 € 
16D ....|0.890 |0.889 | 2.20 | B&c | 2.27 F50c adopt 
a. . 17D ....|0.897 |0.890 | 0.46 | Blic 2.76 5.44 
Since these specimens showed evidence of disintegra- 18D ....|0.892 |0.897 | Fi7c | Bic 
tion by the 5-hr. boiling test, saturation coefficients were 19D ....|0.899 |0.897 | 5.12 | F3c | 5.20 Fide 
not determined on the half bricks. The values given are 20D... .|0.892 |0.896 | 0.23 | Fic 0.39)... ac: T 
: those determined in 1938? and have been rounded to the Avg. .|0.881 |0.883 cent 
: nearest 0.005. 
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day brick. The manufacturer of brick 
B, a side-cut shale brick, characterized it 


as an “unmarketable salmon.” A wide 
range of burning, from very soft salmons 
to hard, durable brick, is represented by 
the soft-mud clay brick, brick C. Brick 
D is a laminated side-cut shale brick. 
This brick is a salmon, even though it is 
much stronger than the other bricks in- 
cuded in the sample. Brick E is a 
salmon end-cut brick which is also 
laminated. 

The saturation coefficients for both 
sets of half bricks A, C, D, and E were 
determined and are reported in Tables I, 
Ill, IV, and V, respectively. Half 
bricks B were not tested because the 5-hr. 
boiling test had a disintegrating effect on 
them. However, the saturation coeffi- 
cients for the whole bricks, as determined 
in the former investigation,” are given in 
Table IT. 

The five types of brick (A to E) repre- 
sented in these samples had been further 
studied by Stull and Johnson and Table I 
of their paper® presents data on the satu- 
ration coefficients of these bric<s. 


METHODS OF TEST 


Saturation coefficients were deter- 
mined by the procedure described in the 
Society’s Standard Methods of Sampling 
and Testing Brick (Modulus of Rup- 
ture, Compressive Strength, Absorption) 
(C67 39). 

Preliminary tests on 2-in. cubes cut 
from bricks had indicated that exposing 
samples in trays nested in a sheet-metal 
container had been relatively ineffective 
in securing quick freezing when the con- 
tainer was immersed in an alcohol-water 
mixture as prescribed in Method C 137.4 
Therefore the following procedure was 
adopted: All half bricks were oven dried, 


a: T. Stull and Paul V. Johnson, “Saturation Co- 

cient Values for Brick by the Absorption-Boiling and 
aption-Porosity Methods,” ASTM BULLETIN, No. 
19, March, 1941, 17 


*1939 Book of A.S.T.M. Standards, Part II, p. 104. 
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cooled, and weighed to the nearest 1.0 g. 
They were totally immersed in water at 
70 F. for 4 hr., then placed in rubber 
bags and enough water added so that the 
bricks, while standing on edge, were par- 
tially immersed in from 3} to 1 in. of 
water. The bags were sealed and im- 
mersed in the alcohol-water freezing 
mixture so that free circulation of the 
freezing medium took place around each 
bag. After freezing for 19 hr., the bags 
were totally immersed in water (initial 
temperature 70 F.) for 1 hr. after which 
the bags were opened and immersion 
continued for an additional 4 hr., during 
which the bricks were removed from the 
bags, inspected, and replaced. The bags 
were then sealed and the cycle of freezing 
and thawing repeated. After comple- 
tion of each fifth cycle the specimens re- 
mained immersed in water for 48 hr. 
(Saturday noon to Monday noon). 

After completion of 25 cycles, all sur- 
viving specimens were dried in an oven 
at approximately 240 F. for 72 hr. and 
reweighed. Drying and weighing were 
repeated after completion of 34 cycles 
and again after 50 cycles. 

Specimens were withdrawn from the 
test when they failed by breakage or 
when they were estimated by visual ob- 
servation to have lost 10 per cent of the 
original dry weight. Results are ex- 
pressed as the number of cycles causing 
failure (F-c) or breakage (B-c), or, for 
the bricks that survived, as the loss in 
weight caused by 25, 34, and 50 cycles, 
expressed as a percentage of the original 
dry weight. 

The rate of freezing on one specimen 
under various conditions was observed by 
means of a copper-constantan thermo- 
couple placed into a hole drilled into the 
center of the specimen. Figure 1 illus- 
trates the time-temperature curves for 
this specimen sealed in a rubber bag and 
exposed in the alcohol-water freezing 
mixture to temperatures of 20 F. and of 
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—20 F., and when exposed on edge in 
4 in. of water to the air of the freezing 
chamber used in the work reported in 
1938.? 

It will be noticed that the —20F. 
curve and that for the brick exposed to 
the open-air freezing chamber show a 
secondary hesitation or plateau at about 
27 F. This indicates that the freezing 
point of the water in the center of the 
brick has been depressed by about 5 F. 
Calculation shows that a pressure in the 
neighborhood of 300 atmospheres, or 
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water contained within the pores of 
building stone is not frozen at one 
temperature, but that in most cases an 
appreciable quantity may still be un- 
frozen at —5 C. (23 F.). The explana- 
tion given is that as the surface water is 
frozen the interior water is entrapped 
and subjected to pressure which lowers 


the freezing point. 
DISCUSSION OF DATA 


Similarity of Samples.—Since samples 
12a and 126 are composed of the respec- 
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Fic. 1.—Time-Temperature Curves for Various Conditions of Freezing. 


approximately 4500 psi., would be re- 
quired to depress the freezing point of 
distilled water to this extent. This 
pressure is in the same order of magni- 
tude as the compressive strength of the 
brick in question. The observed de- 
pression of the freezing point may be 
accounted for to a certain extent by dis- 
solved salts, both in the tap water used 
and from soluble salts in the brick, but 
in spite of that there is undoubtedly 
-a considerable pressure developed. 

Thomas,’ by dilatometer and calorim- 

eter determinations, found that all the 


tive half bricks of a picked sample of 
whole bricks, differences in results of the 
freezing-and-thawing tests may be 
ascribed, with considerable confidence, 
to differences in test methods rather than 
to differences in specimens. Further as 
surance as to the similarity of samples ¢ 
and b is provided by the agreement be- 
tween the saturation coefficients of the 
pairs of half bricks. With the exception 
of 4C, -10C, 16C, 2D, and 10D, all of 


7W. N. Thomas, “Experiments on the Freezing ® 
Certain Building Materials,’ Technical Paper 
Building Research Board, Department of Scientific an¢ 
Industrial Research (1938). 
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the pairs of bricks A, C, and D checked 
within +0.01 which is the reproducibility 
of the saturation coefficient determined 
repeatedly on the same specimen. The 
saturation coefficients of samples a and 
b of brick E appear subject to a syste- 
matic difference since the average for 
sample 6 exceeds a by 0.023 and without 
exception all specimens of the 6 halves 
had higher saturation coefficients than 
the corresponding a halves. 

Stull and Johnson> found that the 
porosity of bricks A, B, C, and D de- 
termined by the gas-expansion method 
was approximately the same as that 
calculated from the absorption by 5-hr. 
boiling, but for brick E, the porosity by 
the gas-expansion method was appre- 
ciably higher than that calculated from 
the water absorption. This means that 
not all of the pores were filled with water 
even after 5 hr. of boiling. 

Bricks which, like E, show a significant 
difference between the porosity by the 
gas-expansion method and by the boiling 
method usually give variable results in 
repeated absorption tests, being sensitive 
tosmall differences in time and tempera- 
ture of cooling. Since the determina- 
tions on the two halves of brick E were 
made at different times, it is believed 
that the difference in saturation coeffi- 
cients for the two halves represent dif- 
ferences in method rather than in 
specimens. 

Discussion of Methods of Freezing and 
Thawing.The suppression of all con- 
trollable variables except the tempera- 
ture of freezing and the rate of thawing 
was attempted in the conduct of these 
ests. Freezing of both samples of the 
same brick took place at the same time 
and thawings were made simultaneously 
in the same tank. The two curves in 
Fig. 1 could be essentially duplicated at 
asingle temperature of freezing (— 20 F.) 
if one of the samples had been suitably 
insulated. The preliminary tests on 
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2-in. brick cubes demonstrated that, 
under the conditions of exposure then 
used, 5 hr. were required to completely 
freeze the specimens at —20F. Data 
published by Thomas’ showed that after 
freezing has been accomplished, a further 
drop in temperature had little destruc- 
tive effect, so it appears that the rate of 
freezing is more important than the final 
temperature in its effect on dis- 
integration. 

Aside from temperature control, the 
method of freezing and thawing here 
used may be considered as intermediate 
between methods 1 and 3 described in 
the 1938 paper.2 The time rate of freez- 
ing in the chamber for an air tempera- 
ture of 18 F. is also given in Fig. 1. In 
method 1 the saturation increase was 
checked after every third cycle while 
method 3 permitted saturation to in- 
crease without being checked. 

Effect of Freezing on Brick Samples.— 
The first and only failure by method a 


(20 F.) in the sample of dry-pressed clay 
brick, (brick A, Table 1), was brick 12A, 


which failed at 45 cycles. There were 
17 failures by method 8, the first of which 
was brick 4A, failing at 21 cycles. In the 
case of the bricks which did not fail, 
little choice is evident between the sever- 
ity of the two methods in causing loss in 
weight. Method a caused a greater loss 
in weight than did method 6 on the three 
specimens that survived 50 cycles by 
both methods. Of the 17 specimens that 
survived 25 cycles by both methods, 
eight gave greater losses by method a, 
eight by method 6, and one gave the 
same loss for both methods. From this © 
it is concluded that freezing at —20 F. 
is more severe in disrupting or breaking 
this type of brick, but there is little dif- 
ference between the two freezing tem- 
peratures in causing surface damage. 
The “unmarketable salmon” side-cut 
shale brick (brick B, Table II) is so lack- 
ing in resistance that differences in 
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severity of freezing-and-thawing meth- 
ods tend to become obscured if they are 
based solely on the number of specimens 
surviving a given number of cycles. 
There were 15 failures by method a and 
16 failures by method b in the 50 cycles. 
However, method b (—20F.) caused a 
greater loss in weight at the same 
number of cycles or failure in fewer 
cycles than method a (20F.), in 18 of 
the 20 samples, the two exceptions being 
the pairs 4B and 18B. 

_ The soft-mud clay brick (brick C, 
Table III) showed no significant differ- 
ence between the two methods. As 


(a) 


Fic. 2.—The Two Halves of Specimen 18D, 
Showing the Two Types of Failure Observed; 
— (a), frozen at 20 F. and (6) at —20 F. 


stated in the previous paper, “the C 
samples are characterized by being very 
nonresistant at one end of this distribu- 
tion (of saturation coefficients) and 
highly resistant at the other.” The C 
specimens are soft mud bricks of a type 
which loses weight by surface dusting. 
There were seven failures by each 
method at 50 cycles, and, as in the case 
of brick A, there was no differentiation 
between methods a and 6 in causing 
weight loss. Compressive strengths 
___- were determined on specimens 1C to 10C 
_ for both samples a and b after completion 
of 50 cycles of freezing and thawing. 
_ The a samples averaged 2025 and the 
b samples 1760 psi. This, however, is 
of doubtful significance. 
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Brick D (Table IV) of side-cut shale 
represents a rather laminated side-cut 
brick of high strength in comparison with 
the types hitherto considered. Such 
bricks tend to fail by disruption and 
breakage. ‘The relative effectiveness of 
low-temperature freezing in producing 
breakage is strikingly illustrated by this 
sample. In 19 cycles all 20 specimens of 
brick D were destroyed when frozen at 
TABLE V.-COMPARISON OF EFFECT OF FREEZ 

ING AT 20 F. AND AT —20 F. ON A SAMPLE 

OF AN END-CUT CLAY BRICK (BRICK E). 


| Loss in Weight as Percentage of 


Saturation Original Dry Weight, or Number 
‘Coefficient of Cycles to Failure (F—c) or 
Speci- of Half Breakage (B—c) 
men Bricks 
Number 25 cycles | 34cycles | 50 cyc 
Oo 
n n n n 
| 
1E 0.803 0.824 0.42 0.33 0.60, | 1.36 
2E 0.817 0.847, F24c 0.95 1.06 24 
3K 0.818 0.837, 0.31 | 0.47 |0.39° 0.47 | 0.55) B4 
4E 0.810 0.845) 0.42 0.21 |0.74, 0.21 | 1.05] 0.48 
5E 0.820 0.836. 0.24 Fi7e |0.31 0.55 
6E . 0.830:0.855 2.74 | 0.62 |2.99 0.71 | 4.48) B4 
7E 0.826 0.844, 0.40 | B19¢ |0.49 0.79 
8E 0.827 0.840 0.24 | Fi4c |0.41 0.74 
9E.. 0.823 0.846, 0.48 _B23c |0.95 1.34 
10E 0.822,0.855' Fi3c | 1.06 
11E.... 0.831.0.853) 0.47 | 0.44 0.66 | 0.74] B 
F7c Fi3c 
13E 0.838'0.853' 1.97 | B2ic |2.52 .. F46c 
14E 0.838 0.856 0.25 | 0.50 |0.58 0.57 | 0.92) I 
15E 0.851 0.879, F24c | B25c | 
16E 0.860 0.876 Fi2c 6.30 | F27c 
17E 0.849,0.860 F9e 0.29 | 0.48] ....] 1 
18E 0.847|0.885, F25c | 3.21 F29¢ 
19E 0.865 0.892, F24c | B24c 
20E 0.865 0.880, F 2c | F5c 
Avg. 0.833,0.856 


—20 F., while but two specimens out of 
20 were destroyed by the same number 
of cycles at 20 F. Figure 2 illustrates 
pair 18D. Specimen a of this pair ha 
undergone 17 cycles at 20F. and had 
progressively spalled beginning at the 
eighth cycle. No single spall was thicker 
than in. Sample broke suddenly 
the seventh cycle. These two types # 
failure are characteristic of brick D. At 
the higher temperature progressive spa 
ing occurred on one or both faces and at 
the lower temperature shattering ane 
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breakage took place without preliminary 
surface spalling. 

Brick E (Table V), an end-cut clay 
brick, resembles brick D in its tendency 
to exhibit two types of failure (progres- 
sive spalling at 20 F. and shattering at 
—20F.). For the first 25 cycles the 
same number of failures occurred for 
both temperatures. Freezing at —20 F., 
however, was more severe than that at 
20 F. during the last 16 cycles. 


TABLE VI.NUMBER OF SPECIMENS IN EACH 
SAMPLE PASSING 25, 34 AND 50 CYCLES OF 
FREEZING AND THAWING USING 10, 3 AND 1 
PER CENT LOSS IN DRY WEIGHT AS THE CRI- 
TERION OF FAILURE FOR FREEZING AT 20F. 
AND AT —20F. 


10 per cent | 3 per cent | 1 per cent 
Loss in Weight Loss in Weight Loss in Weight 


‘20 F. |-20 F| 20 F. |-20 F. 


CYCLES 


17 
6 
12 


0 
9 


34 CycLes 


10 
13 
0 


CycLes 


18 
3 
11 
8 
9 


The results in Tables I to V are sum- 
marized in Table VI, which shows the 
number of brick surviving 25, 34, and 50 
cycles of freezing and thawing at 20 F. 
(method a) and —20F. (method 3). 
This table also shows the number of 
bricks from each sample surviving at 25, 
4, and 50 cycles when the criterion of 
failure is changed to 3 per cent and 1 
per cent loss of the original dry weight, 
tespectively. These are the criteria of 
failure used in the Society’s Tentative 
Method of Freezing-and-Thawing Test 


of Brick (C 67 - 39 T)® for grades MW 
and SW, respectively. 
+ Comparison of the data reported in 
Tables I to V with the data reported in 
Table VI of the 1938 report, a summary 
of which appears in Table VII of this 
report, leads to the following conclusions: 
1. Freezing and thawing at 20F. 
under the conditions stated is not as 
severe as any of the freezing methods 
using a cold room of the type and tem- 
perature described in 1938. The least 
severe of the 1938 methods (method 4) 
passed method a at 12 cycles and at 50 
cycles had caused 56 failures out of a 


TABLE VII._NUMBER OF SPECIMENS IN EACH 
SAMPLE OF BRICKS A, B, C, D AND E PASSING 50 
CYCLES OF FREEZING AND THAWING WHEN 
TESTED BY METHODS 1 TO 7, METHOD a (20 F.) 
AND METHOD 6 (—20 F). 


The criterion of failure is breakage or 10 per cent loss. 
Twenty specimens constitute a sample. 


Method 4 
Method 5 
| Method 6 
Method 7 
Method a 
| Method 


| Method 2 
| Method 3 


nooceo 
— 
Sonne 
W 


w 


36 | 37 | 13 | 44 | 12 | 24 
possible 100 failures compared with 42 
failures for method a. 

2. The results of freezing and thawing 
at —20F. under the conditions stated 
were exceeded in severity at all cycles 
only by method 3* of the 1938 series.? 
Method 5 was less effective up to the 
thirty-fourth cycle and thereafter ex- 


ceeded the low-temperature method. | 


Method 6 was more effective than the 
—20 F. method up to the thirty-fourth 
cycle and thereafter matched it. 
Method 6 is “method B” of the Society’s 
tentative method C 67 — 39 T.8 


8 1939 Book of A.S.T.M. Standards, Part II, p. 930. 

* The specimens tested by method 3 were continuously 
wet and thus an unchecked increase in degree of satura- 
tion was permitted. 
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The two preceding conclusions were 
based on totals for all five types of brick. 
Table VII presents a comparison of the 
effectiveness of methods 1 to 7 of the 
1938 report? with the two methods using 
controlled temperature. It will be noted 
that method 6 is less severe than method 
3 except on brick A (brick D showed no 
difference). It may be concluded that 
an increase in degree of saturation 
build-up is more of a factor than lower- 
ing the freezing temperature. 
Conclusion 1 in the 1938 paper was, 
The nature of the brick influences the 
relative effect of differences in the 
methods of test.”” This statement was 
based on the effect of variations in test 
methods which influenced the relative 
degree of water saturation of the speci- 
mens while being frozen. The same 
statement applies to the effect of tem- 
perature according to these data. 


cor 


SUMMARY AND CONCLUSIONS 


This paper reports the effect on the 
resulting disintegration of two com- 
parable samples of half bricks, of freezing 
and thawing for 50 cycles using freezing 
temperatures of 20 F. and —20F., re- 
spectively. These two comparable 
samples were formed by breaking a single 
sample of whole bricks into half bricks. 
The sample included bricks formed by 
the dry-press, soft-mud, and stiff-mud 
processes and was comparable with 
previous samples tested in 1938. 

From the data herein reported the 
following conclusions appear to be 
justified: 

1. Freezing at —20F., as compared 
to 20 F., greatly increased the amount of 
disintegration and breakage on three of 
the five types of bricks tested. One 
additional type of brick was so lacking 
in resistance that there was little dif- 


ference in the number of specimens syr- 
viving 50 cycles by each method, but in 
18 of the 20 cases freezing at —20F, 
produced failure at fewer cycles or a 
greater loss in weight at the same 
number of cycles than did freezing at 
20 F. The fifth type of brick showed 
little difference between the two meth- 
ods. The nature of the brick influenced 
the degree of disintegration resulting 
from freezing at —20 F. and 20F. 

2. Freezing at — 20 F. tended to pro- 
duce failure by breaking, while progres- 
sive loss from the surfaces of the bricks 
was the usual type of disintegration re- 
sulting from freezing at 20F. Where 
failure did not occur by breaking or dis- 
ruption, no consistent difference in the 
severity of the two temperatures was ob- 
served as judged by rate of loss in weight. 

3. The rate of freezing was much af- 
fected by the temperature to which the 
specimens were subjected under the con- 
ditions of test. At 20 F. the center ofa 
half brick remained at 32 F. for 3 hr. 
while at —20 F. this time was reduced 
to 15 min. It is considered that rate of 
freezing rather than temperature is the 
effective factor in influencing rate and 
amount of disintegration. The effect of 
difference in rate of thawing entered int 
these tests but was not evaluated. 

4. Freezing in an open chamber wit! 
an air temperature varying from 20 F. t 
12 F. exceeded in severity the effect of 
freezing in rubber bags at —20 F. when 
the open chamber freezing permitted un- 
checked increase in saturation. Withan 
air temperature of 18 F., the bricks re- 
quired approximately 40 min. to com- 
plete freezing. Freezing at 20F. in 
rubber bags was less effective than any 
of the methods using an open-air free? 
ing chamber. 
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_ PROPERTIES OF LIMES AND LIME MORTARS 


By Howarp R. STALEY! 


SYNOPSIS 


This paper presents the results of observations made upon hydrated-lime 
pastes and hydrated lime-sand mortars. Tests on the pastes include 
plasticity and sedimentation or bleeding measurements. Investigation of 
the characteristics of the hydrated lime - sand mortars include, mixing-water 
requirements, density of the freshly mixed mortars, flow after suction, and 
sand-carrying capacity. Three methods are used for determinine sand- 
carrying capacity of which the extrusion machine appears to be most 
consistent. 
Derived data include the immobile water in the pastes, apparent mean 


particle size and apparent surface area of the limes. 


Purpose: specific gravity of 2.65 and had the fol- 
The purpose of this investigation was lowing sieve analysis: 

to study the physical characteristics of 

the hydrated limes used and the effect Sieve ava 

of these physical characteristics upon No. 100. . 90.50 


mort > ore No. 48.. 69.83 
wars mace with them. No. 28. 32.32 
14 


Seven lime hydrates were used, three , —_ 
being high-calcium and four dolomitic. 
For purposes of calculation of volumetric 
proportions, the weight of hydrated lime Standard Ottawa sand was used for 
was taken as 45 Ib. per cu. ft. the water-retention test. 

Cambridge tap water was used for all 
Lime Hydrate Type = mixing. 


2.197 
m2... High-calcium 2.08 


Retained on 


High-calcium 
Dolomitic 2.439 


Dolomitic 9435 All proportioning was done on a weight 
Dolomitic 2.137 basis. Where translations to volume 


Dolomitic 2.144 were made, they were made using the 


The sand used weighed 95 lb. per cu. weights given above. 
dry and loose, with an apparent 


Mixing: 


a Professor of Building Construction, In Mixing for the water-retention test 
ling Research Laboraiory, was performed according to A.S.T.M. 
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_ Standard Specifications for Masonry 


Cement (C 91 - 40)? 
In mixing mortars for the density 
measurements the procedure given below 
was followed. ‘The hands were covered 
_ with rubber gloves during mixing. 
1. Add water to nonabsorbent bowl. 
. Add dry lime to water and mix until 
wetted. 
. Add 1500 g. of sand, then mix for 
3 min. 
. Allow to rest 1 min. oe 
. Mix 1 min. 
. Take flow. 
. Return material used in flow test 
to bowl and remix for 30 sec. 

8. Measure density. 

The mixes for sand-carrying capacity 
were made in a flat mixing pan using a 
trowel for mixing. The dry materials 
were thoroughly mixed together until of 
uniform color after which water was 
added to yield the proper consistency. 
Flow was then taken at this time. Fif- 
teen minutes after the first addition of 
water, the material was placed in the 
cylinder for extrusion. 

The pastes for sedimentation tests 
were mixed with a mechanical mixer. 
Time was counted from the completion 
of the addition of the dry lime hydrate 
to the water in the mixing bowl. Mix- 
ing was carried out at a relatively slow 
speed. The slurry was mixed 2 min., 
allowed to rest 3 min., then remixed for 
2 min. after which it was immediately 

transferred to a beaker for sedimentation 
measurement. 


Test METHODS 


A standard 10-in. flow table mounted 
on a concrete base was used for all flow 
measurements. Water-retention tests 
were made using the Rogers appa- 
ratus following A.S.T.M. procedure 
C 91 — 40. 


21940 Supplement to Book of A.S.T.M. Standards, 


1 Part II, p. 1. 


Sand-carrying capacity measurements 
were made using the extrusion device! 
The proportion of sand to lime was 
varied by } part by volume until 2 
proportion was obtained which could not 
be extruded without excessive pressure, 
The proportion } part lower than this 
was termed the sand-carrying capacity. 

A test for sand-carrying capacity de- 
veloped by J. H. Pettit of Philadelphia, 
Pa., was also used. This test consists of 
placing 40 ml. of water and 50 g. of sand 
in a 100-ml. graduate, then adding lime 
hydrate in small increments until cessa- 
tion of flow after vigorous shaking. The 
sand-carrying capacity is given by the 
relation 


where 


: volume sand 
volume lime’ 

W = weight of lime added in grams, 

and 

K = constant = 103. 

Density of the freshly-mixed mortars 
was obtained by weighing portions of the 
mortar in a rigid brass container 3 in. in 
diameter and 6 in. high. 

The Emley plasticimeter was used to 
determine the plasticity of the limes after 
soaking for 1 and 24 hr. 

Apparent specific gravities of the limes 
were determined with a pycnomete! 
bottle. Water was used as the liquid 
for the determination. 

Sedimentation measurements wert 
made by observing the subsidence of the 
paste surface with a microscope usin? 
the micrometer screw to measure Ue 
amount of drop. The surface of the 
paste was covered with a film of wale 
and then a film of kerosine to prevet! 


S 


Walter C. Voss, “Lime Characteristics and 
Effect on Construction,’ Symposium on Lime, P 
Regional Meeting, Am. Soc. 
1939). i 
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(Symposium issued as separate publication 
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ts TABLE I.—DATA ON MORTARS. TABLE I.—Continued 
Density, | Voids 
“4 Sand | Water, Flow, Density, | Voids Sand, Water, Flow, . percu.| Filled, 
percent | per cent® | percent g. percent | per cent*| per cent em. per cent 
a ~ Live No. 7—Dotomitic 
Lime No. 1—Hicn Catcium 
ot — 70.0... 27.50 112 1.890 | 211.0 
70.0 25.50 105 1.890 | 200.0 80.0. 23.00 110 1.969 | 144.2 . 
re. 0.0........- 21.50 125 1.980 | 136.8 82.5.. 22.00 109 1.979 131.0 
his ia 19.50 109 1.988 | 119.3 85.0.. 21.50 110 1.990 | 120.0 ‘ 
; 45.0 18.50 110 1.989 | 106.6 87.5.. 21.00 115 2.000 | 109.7 
18.00 110 2. 99.0 90.0. 20.50 112 2.002 | 100.0 
4 0.0 17.90 112 2.000 88.0 92.5. 20.15 113 2.005 91.4 
de- 92.5 18.25 106 1.988 83.7 95.0. . 20.00 118 2.003 84.1 
- 95.0 19.23 122 1.978 81.1 ot 20.50 114 1.979 79.6 : 
114, 1.5 19.50 101 1.943 75.6 
of . : 
and evaporation and carbonation. Sedimen- 
ime 224.0 tation of the surface of the paste was 
$a- 132.0 noted by focusing on a particle then - 
119.5 ° 
The 104.2 refocusing on the same particle after 
the = 9 sedimentation. Several measurements 
99 4 were taken over a period of 30 min., and 7 
the rate of settling was averaged over 
this period. All measurements of sedi- 
M9......... 30.40 ats 1.870 | 216.0 mentation were made in a constant- — 
W.$.........| 22.00 104 1.962 | 131.0 temperature room which was maintained 
104 1.970 119.8 70) F 
u5.........| 20.50 115 1.992 | 107.8 at . 
20.00 121 1.979 84.1 lest RESULTS 
= Data on the various mixes of mortars 
Lime No. 4—Dotomrtic _ made are given in Table I. Nine mixes 
: 0.0,........) 26.00 109 1.958 195.0 were made for each lime, varying in sand 
| 2.010 | 132.8 from 70 to 97.5 per cent by weight of the 
2.025 | 102.0 dry materials. The percentage of water 
2.08 required to produce a definite consistency 
dt . ae 19.20 11s 1.987 80.2 (per cent by weight of the dry materials), 
“the percentage flow, and the density of 
, Lime No. 5—Dotomitic the freshly-mixed mortars are given for 
tos Bt... 26.65 | 15 | 1.927 | 198.8 each of the mixes. The percentage of 
| | 135-0 voids in the dry-and-loose sand filled by 
eter 
| the paste volume was calculated using 
7. 18.50 | 112 2.028 89.5 the apparent specific gravities and unit 
eevee] 99085 110 1.982 80.2 weights given previously. These mixes 
were 7S... 20.50 112 1.958 79.2 
the were made to obtain the variation in 
No. 6—Doromrtic water requirements for the various pro- 
re the | 31.50) 108 | 4.820 | 232.90 portions and to examine the manner in 
ees 26.50 | 112 1.905 | 160.1 j Si f f -mi 
of the | aw | | the of the freshly-mixed 
wate 
3. Water Requirements for Mortars: 
‘- 1 110 1.952 1.7 Referring to Fig. 1, it is seen that the 7 
Becentage of dry materials in batch. _ percentage of mixing water decreased to 
ing batch, of voids filled in the dry-and-loose sand in with increasing sand content 


7 
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and increased again beyond the mini- sand (84.0 per cent by weight), the 
mum, with further increases in sand _ variation in the amount of mixing water 
content. For convenience, only the required for the seven limesis5.4 percent; 
values above 80 per cent of sand are at 3.0 parts sand (86.4 per cent by 
plotted. The end-point for 100 per cent weight), the variation in water require. 
sand was determined by making a flow ments is 4.8 per cent. Beyond 895 
per cent sand (or 4.0 parts sand by 
d volume) the variation in mixing-water 
6 requirements decreases quite rapidly, 
Except for the very lean mixes, the 
mortars made with lime No. 6 have the 
highest water requirements and those 
with lime No. 1 the lowest. The rate 
of decrease in mixing water with increas- 
ing sand content is approximately the 
same between 80 and 90 per cent sand, 
except for the mortars made with limes 
No. 3 and No. 7. The mortars made 
with lime No. 3 do not follow the same 
tendencies shown for the others in many 
respects and those made with lime No.7 
are at variance with the others only in 
respect to change in mixing-water re- 
quirements. Except for lime No. 3, one 
could qualitatively classify these limes 
for sand-carrying capacity by merely a 
consideration of the placement of the 
curves at say 85 to 90 per cent sand, 
that is, the higher the water requirement 
for mixing water, the higher the sand- 
carrying capacity. This order might be 
somewhat changed if a different sand 
were used, but it is believed that it would 
be approximately the same for any 
graded sand. The mortars made with 
"50 100 lime No. 7 show the least change in 
water requirements of all the limes con- 
sidered. The differences in water Te 
quirements for the limes is indicative o redu 
different structures in the pastes 
themselves. yond 
: An indirect measure of the degree requ 
=_ as is possible to determine by dispersion or the development of , parti 
_-this method. The voids in this quantity —fJocculent, honeycomb, or single- grained 
of dry-and-loose sand were approxi- structure in a lime paste, is the amount 
mately 82.0 per cent filled with water at of water required to produce a certain 
this point. At the commonly used consistency. The development of a typ 
volumetric proportion of 2.5 parts of of structure in the lime paste depen® 


nN 
> 


nN 
Ww 


nN 
Nn 


nN 


‘= 
> 
L 
+ 
Cc 
Qa 
+ 
= 
= 


Sand by Weight, per cent 


_ Fic. 1.—Variation in Mixing Water for Mortars. 


~ test of sand and water, and while this is 
difficult to do, the value given is as near 
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le largely upon the physical characteristics to a large extent. For example, limes — 
er of the particles. These physical char- No. 6 and No. 7 have approximately the 
t; acteristics may be due to size and shape same apparent specific gravity in water. 
yy of particle, surface activity or adsorption, The ability of a paste made with lime - 
e- the porosity of the lattice structure of No. 6 to hold the same amount of sand ; 
).5 the compound (similar to bentonite), or in suspension and still be cohesive enough : 
by to all of these combined. The types of to have the same flow with a greater 
er structure indicated are illustrated in water content than lime No. 7, must be 
ly. Fig. 2. Loose sand is a typicalexample due to forces acting between the lime 
he of single-grained structure while many particles in the paste. In other words, 
he natural clays are examples of the other there is more coherence and effective 
nse types and for the combination type arch action of the lime particles present 
ate shown. The existence of the combina- in the paste with lime No. 6 than with 
as- lime No. 7. The difference in the slope _ 
the of the two curves, shown in Fig. 1, 
nd, representing change in water require- _ 
nes ments for limes No. 6 and No. 7, would 
ade 


indicate that the structure in the paste 
of lime No. 7 was more of the honeycomb © 
type, while that in lime No. 6 was more 
of the flocculent type. 


0.7 
y in 


Density of Mortars: 


re- 
one Examination of the data given in 
mes Table I shows that the density of the 
ly a mortars increased to maximum at or near 
the the point of minimum water requirement _ 
and, as would be expected. For limes Nos. 
nent 1, 4, and 5, maximum density of the 
and- ae mortars occurred when the voids in the © 
¢) Flocculent. (d) Honeycomb. 
at be Fic. 2.—Types of Structure. quantity of dry-and-loose sand used were 
sand approximately 100 per cent filled. For 
ould tion type of structure in lime pastes is the other limes, maximum density occurs. 
any most probable. 


with the calculated paste volume filling 7 
the voids in the sand 85.3 to 93 per cent. 

If one calculates the density of the pastes - 

it is almost always found that the calcu-_ 
lated value for density will be higher than 
that obtained by actual measurement 
due to the fact that air is always occluded 
in the mortar. 


with As sand is added to a lime paste in 
ye i ncreasing amounts the presence of the 
“con: granular particles of the sand tends to 
r Ie produce a single-grained structure, thus 
ve of reducing the water requirements to make 
yastes mortar of a certain consistency. Be- 

ond the point of minimum water 


ree of requirement the dispersion of the lime 
of 3 particles becomes so great that increased Sand-Carrying Capacity: eae 
ained water is necessary to create a large Sand-carrying capacity is a function 
nount enough volume of paste to lubricate the of the cohesiveness and the plasticizing | 


ertain 
a type 
pends 


mass properly to the desired consistency. 
The type of structure in the lime paste 
will affect the workability of the mortar 


ability of the paste, when mixed with 
sand. It depends directly upon a 
ability of the paste to lubricate the ae 
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and to cohere and hold the sand in sus- 
pension while the mortar is at rest, or 
during transportation or deformation. 
Harsh-working mortars are the result of 
using a matrix that does not possess the 
characteristics given above, or the “sus- 
pending capacity” of the paste is ex- 
ceeded by using an excessive amount of 
sand. 

The results of the sand-carrying 
capacity tests are given in Table II. 

Referring to the values given in Table 
II, there is good agreement in the ex- 
trusion test and the Pettit test except 
for limes Nos. 3 and 7. The values for 
the extrusion machine test and the void 
method agree closely except for lime 


TABLE II.—SAND-CARRYING CAPACITY.* 


iatreicn Pettit | Void Method 
Test, 
Lime 
Parts | Sand, | byvol-| Parts | Sand, 
by per ume | by Vol-| per 
um cent ume cent 
2.75 85.3 2.75 2.88 85.8 
3.50 88.0 3.79 3.30 87.4 
OS eS 2.50 84.0 3.33 3.42 87.8 
Oy Sear 2.75 85.2 2.78 2.78 85.4 
| eee 2.75 85.2 2.78 2.71 85.1 
ae 4.00 89.5 3.96 3.96 89.5 
3.75 88.7 3.43 3.67 88.6 


Volume sand 
Volume lime’ 


> For extrusion tests nearest quarter part taken. 

No. 3. The disagreement for lime No. 3 
in the three tests cannot be adequately 
explained. An explanation of the dis- 
agreement for lime No. 7 with the Pettit 
test is that the structure built up by the 
lime particles in the richer paste in the 
Pettit test is different than for the other 
limes. This is suggested by the slope 
of the curve in Fig. 1 showing a decreased 
rate of change in water requirement for 
the richer mortars. 

The results obtained with the Pettit 
test can be explained on the following 
basis: In making the test, the force 
causing deformation or flow, when the 
graduate containing the sand-lime-water 
mix is turned up, is that of gravity. At 
cessation of flow, the structure of the 


@ Sand-carrying capacity = 


mass is strong enough to resist the force 
of gravity tending to deform it. Ip 
other words, the yield point of the mortar 
is large enough to resist the gravitational 
force and in effect this test gives roughly 
the point of zero deformation under this 
force. It is known that all pastes having 
the same fluid content do not have the 
same yield point or the same resistance 
to deformation. In fact, to obtain 
exactly zero deformation or any constant 
amount of deformation for various pastes 
under a definite load or force, the pastes 
might have widely varying fluid content. 
This is shown by the results of the Pettit 
test. This is also corroborated by the 
consistency test for the Emley plasti- 
cimeter as all limes do not require the 
same amount of water to make a paste 
of standard consistency. The sand- 
carrying capacity of a paste is measured 
in the extrusion device by its resistance 
to plastic flow. The equation of plastic 
flow can be applied to this as well as any 
process of extrusion. 

With the extrusion device, the sand- 
carrying capacity is arbitrarily defined 
as that sand-paste mixture, of a definite 
consistency, which shows little or no 
resistance to extrusion. At the propor- 
tion of sand-carrying capacity, the paste 
proportion of the mix may be of widely 
varying water contents, with different 
materials, to produce a definite consist- 
ency in the mortar. In the Pettit test 
the same principles are involved but the 
approach is from a slightly different 
angle as the force causing deformation is 
much less. 

Rollert has shown that the yield value 
of pastes of any one material decreases 
with increasing water contents and that 
for cement mortar the yield value de- 
creases with increasing sand content 
with a corresponding decrease in water 
content. It might be that the coefficient 

4Paul S. Roller, ‘‘Plastic Flow of Dispersions mi 


New Approach to the Study of Plasticity,” J 
Physical Chemistry, Vol. 43, No. 4, April, 1939, p- 457. 
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of renitence K, as determined by Roller, 


by weight of the dry materials, obtained 


n is a measure of the effective plasticizing when the voids in the dry-and-loose sand 
ir ability of pastes in mortars, as the values _ in the mortar are 105 per cent filled with 
al of K obtained by him fora 1:2and1:2.6 paste. Figure 3 shows the variation of 
ly cement-sand mortar show a sharp in- percentage fullness of voids in the sand, 
is crease from the 1:2 mortar tothe 1:2.6 plotted against percentage of sand by 
1g mortar, indicating the possibility of a weight of the dry materials in the batch. — 
ne 
in 
nt 
es 150 
it 

tit 140 
ti- 
8 

‘ed Qic 120 

«| 9 
ce \ 
tic 

110 
ie 

Als 

nd- 
ied 100 
= 
lite £ 
no 3 
ie > 90 
ste 
ely 

80 

ent 
ist- 
10 
the 80 85 90 95 
ent | Sand by Weight , per cent 
nis ‘Fe. 3.—Variation in Percentage of Voids Filled. 
alue minimum value in this range of propor- The intersection of the curves and the — 
ases lions. The sand-carrying capacity of horizontal line at 105 per cent gives 
hat portland cements, as measured by the the sand percentage at sand-carrying 
de- €xtrusion device, is commonly around capacity. The sand-carrying capacity 
tent 12 to 1:24, cement and sand by volume, of a lime may be found by the void 
ater which is in the range of the values used method as follows: 
jent in Rollers’ investigation. Take a proportion of sand and lime 
ade The percentage of sand given under 85:15 by weight and determine the water 
nal void method is the percentage of sand, necessary to give a flow of 110 to 115 


percent. Make the same determination 
for a mix of 90:10 sand and lime, using 
the mixing procedure previously given 
for both mixes. Determine the per- 
centage of voids filled with paste in the 
dry-and-loose sand in both batches, 
then plot these values against sand 
percentage, assuming a straight-line 
variation. Since the sand-carrying ca- 
pacity occurs when the sand voids are 
filled 105 per cent, the value for this 
percentage of sand can readily be de- 
termined from the plot. The ap-— 
proximate mixing water for the point 
can also be found by plotting the per- 
centage of mixing water at the end 
points, then taking the percentage water 
at the value for the sand percentage 


found. 
TABLE IIL. 
| 
Plasticity | Pow After 
Lime 1 Hour Figure, Suction, 
24 hr. 
per cent 
soaking 
117 140 89.0 
130 139 94.0 
- No. 3. 129 226 88.0 
126 140 89.0 
- No. 6 300 386 95.0 
No. 7 237 280 95.0 


There appears to be no exact relation- 
ship between maximum density or mini- 
mum water requirement and sand-carry- 
ing capacity. This sand percentage at 
sand-carrying capacity is always lower 
than that at the point of maximum 
density or minimum water requirement 
for the lime-sand mortars. a 


Plasticity and Water-Retention: 


- Values for the plasticity figures and 
flow after suction are given in Table III. 

Plotting the values given in Table III 
shows no evident relation between plas- 
ticity and flow after suction. The values 
given for 24 hr. plasticity and flow after 
suction are plotted against sand-carrying 
capacity, as measured by the extrusion 
machine, in Figs. 4 and 5. Figure 4 
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shows that no exact relation exists be- 
tween plasticity and sand-carrying ca- 
pacity. It is indicated here that the 
mere fact that a lime has a plasticity of 
over 200 does not signify that it is a 
better lime for use in mortar than one 
which does not have a figure that high. 
The two limes with the highest plasticity 
figures do show the highest sand-carrying 
capacity, but of the other five, the only 
one which has a plasticity of over 200, 
has the lowest sand-carrying capacity. 


| 

2 

100 200 300 400' 
Plasticity Figure 


Parts Sand per Part Lime 


Fic. 4.—Relation of Sand-Carrying Capacity and 
Plasticity Figure. 
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s Lime No. 
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Flow After Suction, per cent 


Fic. 5.—Relation of Sand-Carrying Capacity 
and Flow After Suction. 


A much better relation exists between 
flow after suction sand-carrying 
capacity as shown in Fig. 5. It is not 
known whether this relation would exist 
for other than lime mortars, but it is 
intended to enlarge the scope of this work 
to include other mortars at a later date. 
However, for lime mortars, the flow- 
after-suction test is evidently a better 
indicator of the value of a lime for use in 
mortar than is the plasticity test. 
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Sedimentation Tests: 


Some sedimentation, water-gain, or 
bleeding occurs with all mortar and con- 
crete mixes because a certain amount of 
excess water is always present. The 
amount of bleeding depends upon the 
ability of the cementitious material to 
hold the water in approximately the same 
relative position in the mixture at all 
times. A certain amount of bleeding is 
beneficial in that the density of the mass 
is increased. On the other hand, a 
cementitious material with a high bleed- 
ing rate is apt to produce harsh-working 
mixes because of the segregation of the 
water. The chief function of the water 
is to lubricate the mass of concrete or 
mortar and unless this water is held in 
proper position long enough to perform 
this function, a large amount of bleeding 
occurs with a resultant loss in work- 
ability in the mix. In the case of con- 
crete, the force causing sedimentation 
of the solids or bleeding is the force of 
gravity. In the case of masonry mortar 
the gravitational force is probably negli- 
gible due to the fact that the suction of 
the masonry unit is usually far greater 
and the thickness of the mortar layer is 
small. However, it is possible to make 
4 comparison of quantitative measure- 
ments on pastes as the fundamental 
characteristics of the paste governs the 
telative amount of bleeding in the paste 

the mortar. 

In order not to make this paper too 
lengthy, data for the sedimentation tests 
aré not presented. It is probably suffi- 
cient to say that for the limes having the 
lower immobile-water factors, the water 
n the pastes for sedimentation tests 
varied from 50 to 70 per cent of the 
weight of the paste. For those limes 
with the higher immobile-water factors, 
the water in the pastes varied from 60 to 

” per cent of the weight of the paste. 
No attempt has been made to include a 
scussion of bleeding, but for a com- 
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plete discussion the reader is referred to 
a paper by T. C. Powers.’ The formula 


used for calculations was derived by 
Powers. It was developed from Poi- 
seuille’s law governing hydraulic flow 
through small capillaries which is identi- 
cal in form with D’Arcy’s equation 
governing the flow of water through 
granular beds: 


where 
Q = the rate of bleeding per unit of 
gross cross-sectional area of 
the sample, milliliters per 
square centimeter per second, 
identical with the rate of sub- 
sidence of the surface of the 
paste, in centimeters per 
second, 
g = 980 centinieters per second per 
second, 
w = the absolute volume of water 
per unit volume of the paste, 
w; = the immobile-water factor or the 
volume of immobile water per 
unit volume of mix, 
d, = the density of the solid in grams 
per cubic centimeter, 
d; = the density of the fluid in grams 
per cubic centimeter, 
n = the viscosity of the fluid in 
grams per centimeter-second, 


c = the absolute volume of solid per — 


unit volume of paste, 


a = the specific surface of the solids | 


in square centimeters per 

cubic centimeter, and 
k, = a constant, identical with the 
constant in Kozeny’s equa- 
tion for general law of 
streamline motion through 
granular beds. The value of 
k, = 5.0 was used for these 
tests. 


‘T. Powers, “The Bleeding of Portland Cement © 
Paste,’ published by the Portland Cement Assn. (1939). 
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w = Absolute Volume of Water per Unit Volume of Paste 


. Fic. 6.—Comparison of Sedimentation Tests. 


The above equation can be written, 
(Q.c)! =K*.(w — w) 


where K = g-(d, — dys)/k.-n-o 
If a graph is made plotting (Q-c)* against 
w, a straight line results which crosses 
the w,; axis at a point equal to w; and 
having a slope equal to K 

The immobile-water factor w; was in- 
troduced by Powers to account “for the 
liquid held stationary with respect to the 
solid surfaces by minute imperfections in 
the surfaces or by variations in the chan- 
nels which might give rise to a condition 
analogous to backwater or eddies... . 
With finer materials... liquids might 
be held in appreciable quantities by 
chemical and physical forces which may 
vary through a wide range depending on 
the natures of the solid and liquid 
brought together. ...there is reason to 
believe that differences in the plasticity 
of pastes made with mineral powders 
and water, differences not accounted for 
by the differences in fineness, might be 


related to w;. It seems likely that with 
other factors equal, a material with a 
high w; value should show more ‘fatness’ 
than one with a low w; value.” 

Figure 6 (a) shows the variation of 
(Q-c)* with w. The values for w; te 
corded in Table IV were obtained from 
this plot. The highest values for w; are 
shown for limes Nos. 2, 6, 7, and 4; No. 
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2 being the highest. The other limes, 
Nos. 1, 3, and 5, fall more or less in a 
group. Figure 6 (b) shows that there is 
a rough relation between the immobile- 
water factors and flow after suction as 
would be expected. Plotting the values 
for w; against plasticity shows no rela- 
tion between these two factors. Plot- 
ting w; against sand-carrying capacity 
also shows no exact relation although 
the limes having the largest immobile- 
water factors do have the higher sand- 
carrying capacity. 

The apparent specific surface and the 
average apparent particle size have been 
calculated from the sedimentation data. 
These values are given in Table IV. It 
isnot known how close these values are 
to the true surface and size values, but 
it is believed that they are not absolute 
values because of the fact that complete 
dispersion was not obtained in the pastes, 
as used, and agglomeration or floccula- 
tion would be reflected in the results 
recorded. In other words the true value 
for specific surface would be larger if 
complete dispersion of the particles was 
obtained. For this reason the true aver- 
age particle size would be smaller than 
shown. In any event, the values given 
are valuable for purposes of comparison. 
The thickness of the immobilé-water 
layer has been calculated from these 
data and is recorded in the fifth column 
oi Table IV. These water films are 
roughly of the order of magnitude of one 
tenth the average particle diameter or 
approximately 1u in thickness. 

The difference between the mixing 
water in milliliters per gram of lime and 
that held immobile (w; in milliliters per 
gram of lime) is given in the sixth 

‘umn. The mixing water is based on 
that required to plasticize the mortar at 
the proportion of sand-carrying capacity. 
he amount of water in excess of the 


mmobile-water varies with the lime, but 


tor and plasticity. 


/ 
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with the exception of lime No. 2, the per- 
centage of the total water required is 
practically constant, as shown in the 
seventh column. Approximately 38 to 
40 per cent of the total mixing water re- 
quired at this proportion of sand and 
lime is immobile water. The assump- 
tion is made here that the same sort of 
action occurs in the mortar as in the 
paste. It is intended to make a more 
comprehensive investigation along these 
lines in order that sufficient data will be 
obtained to make definite conclusions 
warranted. 


SUMMARY 


Hydrated limes may be roughly classi- 
fied as regards their plasticizing ability 
in a mortar by an examination of the 
mixing-water requirements for mortars 
of variable sand content and fixed con- 
sistency. Six of the seven limes investi- 
gated could be classified on the premise 
that the higher the mixing-water require- 
ment, the higher the plasticizing ability, 

Relative sand-carrying capacities of 
the lime hydrates were measured most 
accurately with the extrusion device. 
The void method presented checked the 
extrusion device most consistently. 

No apparent relation was found be- 
tween the plasticity figure and flow after 
suction or the plasticity figure and sand- 
carrying capacity. 

A rough relationship was shown be- 
tween flow after suction and sand-carry- 
ing capacity. 

Hydrated limes may be roughly classi- 
fied as to their plasticizing ability in a 
mortar by sedimentation tests and the 
determination of the immobile-water 
factor. 

A rough relationship is shown between 
the immobile-water factor and flow after 
suction. No apparent relationship is 
shown between the immobile-water fac- 
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Mr. G. J. Frnx.'—I should like to ask 
Mr. Staley whether I am correct in the 
inference that he uses the term particles 
to refer to the aggregates that exist in 
the water dispersions. 

Mr. Howarp R. StaLey.2—That is 
correct. The term particle has been 
used to designate the unit which acts as 
a single particle whether it be a single 
particle or a group of particles. If each 
single particle acted as a unit, then I 
believe the surface areas determined by 
this method would be much larger than 
those given. In this instance, we are 


concerned with the effective rather than 
the true surface area. 


Mr. F. O. Staley 
has made a contribution to a poorly de- 
veloped science, which underlies the 
technology of water suspensions of lime 
involved in mortars and plasters. I 
have had similar experience with lack of 
correlation between plasticity values ob- 
tained with neat putties on the Emley 
plasticimeter and the workabilities or 
sand-carrying capacities of limes. The 
best matrix I have encountered carried 
4.5 volumes of Newark, Ohio, sand, but 
gave a plasticity value below 150. The 
changes in rheological properties in 
going from a neat putty to a sanded 
mortar are so great that it is not surpris- 
ing to find differences. In a mortar the 
; 1 Supervisor of Lime Research, United States Gypsum 
Co., Chicago, Ill. 

2 Assistant Professor of Building Construction, In 

Charge of Building Materials Research Laboratory, 
ee Institute of Technology, Cambridge, Mass. 


* Consulting Specialist on Building Materials, Owens- 
Corning Fiberglas Corp., Newark, Ohio. 


ratio of highest to lowest water content 
for working consistency among limes may 
reach 150 per cent, as compared with a 
ratio of 230 per cent for similar putties at 
normal consistency. 

The extrusion apparatus has failed to 
correlate in our experiments with the 
masons’ requirements. The reason for 
this may lie in our sands, which run 
coarser than Mr. Staley’s. The method 
of mixing may be a factor, since we mix 
for 10 min. mechanically before running 
the extrusion experiment. We have 
had to reduce the diameter of the outlet 
from the extrusion apparatus from 1.5 to 
0.9 in. in order to satisfy the masons’ 
needs. This is a reduction of 64 per 
cent. I should like to ask Mr. Staley 
whether he has experimented with ma- 
sonry sand from the Ohio or other mid- 
western rivers in the extrusion apparatus 

Mr. STALEY.—The coarsest sand used 
had a fineness modulus of 2.25 while the 
values reported were obtained with a 
sand of fineness modulus of 2.15. Using 
a sand of 2.25 fineness modulus did not 
alter the results. No work has been 
done with the river sands of the Mid- 
West. 

The procedure used by Mr. Anderegg 
for mixing the mortars would affect the 
results of the sand-carrying capacity 
test as a longer mixing period, or Ie 
working after some long period of rest, 
would yield a higher value for this 
factor. The procedure given must be 
followed to obtain the same results. 
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THE EFFECT OF FINE AGGREGATE ON THE DURABILITY 
OF MORTARS! 


By C. A. HuGHEs? AND KENNETH A. 


SYNOPSIS 

This paper presents a comparison of data from laboratory durability tests of 
fine aggregates and mortars made therefrom and data from natural weather- 
ing of the mortars. 

Eighteen fine aggregates were subjected to sodium and magnesium sulfate 
tests and to an accelerated freezing-and-thawing test. A fast and a slow 
laboratory freezing-and thawing test was used for the mortar specimens, 
which were also placed outside in 1 in. of water. The investigation showed 
no usable relation between the data from the laboratory durability tests on the 
mortars and the data on companion specimens after 8 yr. of natural weather- 
ing. The compressive strength is shown to be unreliable as a criterion of the 
durability of mortars made from different fine aggregates. An interpretation 
of the magnesium sulfate test is presented, which, if accepted, leads to the 
adoption of a lower limit as well as an upper limit to the magnesium sulfate 
soundness test. ‘The size and shape of the test specimen and the criterion 
used in judging resistance to either laboratory cycles or natural weathering 
are shown to be important factors in rating for durability. 


fhe durability herein considered is obtained in a short time in the labora- 
the resistance to outside exposure in- tory. The desirability of such control 
volving moisture and temperature tests is obvious. However, considera- 
changes. More specifically, the ex- tion of the disregard of the time element — 
posure considered is that existing at the and the excess of factors affecting the 
ground line or the water line in concrete durability in the field over the factors — 
structures erected in northern climates. included in the laboratory tests have led 7 
[nan attempt to guard against the use to a healthy scepticism as to the corre- 
materials, proportions, and methods lation of laboratory and _ field results. 
curing that would cause short life in Consequently the number of tests 
the field, many laboratory control tests adopted by responsible organizations 
the aggregate, mortar, or the concrete for control of durability are relatively 
have been proposed and, in certain cases, few compared to the number that have 
ipplied. All such tests attempt to’ been proposed. 
predict behavior in service from data Because concrete of even very poor 
He. 65, Engineering Experiment Station, quality requires four, five, or years” 
sota. of service to develop evident symptoms 


Associate Professor of Structural Engineering, Uni 


‘sity of Minnesota, Minneapolis, Minn. of distress, progress in developing a 
Research Assistant, Engineering Experiment Station, » Prog I 8 


versity of Minnesota, Minneapolis, Minn. laboratory test having definite correla-— 
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tion with field experience has been, 
and probably will remain, very slow. 
This investigation was originated to 
study the relations between data from 
the sodium and magnesium sulfate tests 
on fine aggregates and data from various 
laboratory tests on mortars made from 
the fine aggregates. 
specimens were exposed also to natural 
weathering, the investigation has served 


Because mortar 


~ 


by the senders are shown in Table I. 
Of the 18 fine aggregates, 13 were natu- 
ral fine aggregates, 4 were crushed 
material, and 1* was an artificial fine 
aggregate. 

Test Procedures——The procedures of 
this Society pertaining in 1931 to the 
colorimetric test, the determination of 
the percentage of clay and silt, and the 
mechanical analysis were closely fol- 


TABLE I.—PROPERTIES OF FINE AGGREGATES. 


Data are averages for two tests. 


FINE AGGREGATES 


data from accelerated laboratory tests 
and data from natural weathering. 


The fine aggregates were received from 


various sources in response to a request 
for fine aggregates that had been rated 
as (a) durable, (6) nondurable, and (c) 
of intermediate quality. 


The properties of the aggregates, their 


sources, and the durability ratings given 


enti- ating Ac- | & 5) 
fication Source cording to | =. 225 25/38 
Irondequoit, N. Y. No. of 23 I 1.3 | 2.66) 0.82) 0 2.87] 21.5) 4.0 13.1 4.4 
nds 
Jamestown, N. Y. No. of 23 I 2.5 | 2.60] 1.73) 0 2.92) 21.8) 4.2 24.9 8.4 
sands 
No. 3 Springville, N.Y. | ...... I-II | 1.8 2.58) 1.77} 0 2.94) 20.8 6.8 25.4 8.3 
No. 4 Syracuse, N. Y. No. Le of 23 I 4.2 2.58) 2.30) 0O 2.90) 20.0, 16.5 36.6 14.1 
sands 
No. 5.....| Buffalo, N. Y. Border-Line I 0.7 (| 2.67| 1.27) 0 2.76) 20.4) 3.7 19.0 7.3 
No. 6 Buffalo, N. Y. Satisfactory | I-II | 0.9 | 2.64) 0.90) 0 3.31] 21.6} 3.2 12.3 5.5 
Pee Boonville, N. Y. Satisfactory I | 0.3 | 2.65) 0.27} O | 2.84] 19.8) 2.0 5.6 2.4 
No. 8 Sterling Creek, N.Y. | Unsatisfac- I 1.8 | 2.59) 2.10) 3.15) 18.5} 13.2 32.2 12.2 
tory 
Me. 9.060: Pennsylvania Good I 1.0 | 2.60} 1.16) 0 2.77| 22.9) 3.9 10.2 4.7 
No. 10. ...| Crosby, Minn. Poor II 2.8 | 2.42) 4.30) 3.9 | 3.22] 18.8) 17.4 re 11.8 
No. 11....| Moose Lake, Minn. | __....... I-II | 3.4 | 2.68) 1.31] 0 3.38} 12.8] 3.5 12.0 3.1 
No. 12....| Appleton, Minn. | ...... I-II | 0.6 | 2.58] 1.90] 1.8 | 2.74] 23.1] 6.7 | 11.9 | 64 
No. 13.... screeningswith | _...... I 8.5 | 2.87) 1.09) 0 
ust 
No. 14....| Trap with-| I 0.3 | 2.94) 0.44) 3.78) 11.7} 2.6 7.3 1.4 
out dust 
No. 15....| Minneapolis, Minn. | Good I 4 | 2.68) 0.63 3.19] 15.9] 3.6 8.2 2.2 
www I 1.68) 6.79 3.56) 14.6 3.0 44.2 14 
No. 17....| Limestone screenings|  ...... I |22.8 | 2.49) 3.34 2.50} 38.0 
with dust 
No. 18....| Limestone screenings} ...... I | 7.3 | 2.56) 2.19 3.25] 20.4) 40.2 47.4 | 41.3 
without dust 
to supply data on the correlation of lowed. The percentage of shale was 


determined as the fraction separated 
by a liquid having a specific gravity of 
1.98 according to the A.A.S.H.O. 
method. The specific gravities were 
determined by use of Dunagan’s appa- 
ratus and the absorption by the differ- 
ence in weight between saturated 
surface-dry and oven-dry samples of 
approximately 1000 g. 

In addition to the sodium and mag- 
nesium sulfate tests on the fine 
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aggregate, an accelerated freezing-and- 
thawing test was used that had pre- 
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The sodium sulfate test was carried 
out as recommended by the A.S.T.M. 


viously been developed in this laboratory Tentative Method of Test for Sound- 


TABLE II.—PROPERTIES OF MORTARS OTHER THAN DURABILITY. 


Fine 
Aggregate 


Water- 
Cement 
Ratio, gal. 
per sack 


Aggregate- 
Cement 
Ratio, a/c 


Voids- 
Cement 
Ratio, v/c 


Air Voids 


Cement 
Factor, 
sacks per 


Compressive Strength 


of 2-in. 


Cubes, psi. 
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* Ratio of the absolute volume of cement paste, water plus air voids plus cement, to the volume of mortar. 


for use with coarse aggregate. A simi- 
ar method has recently been described 
y Dawley. 


_ ‘F.C. Lang and C. A. Hughes, “Accelerated Freezing 
and Thawing as a Quality Test for Concrete Aggregates,” 
os ees Am. Soc. Testing Mats., Vol. 31, Part II, 


ness of Fine Aggregate by Use of Sodium 
Sulfate (C 88-31 T).° The magnesium 


5E. R. Dawley, “Correlation Between Rapid Immer- 
sion and Standard Four Cycle per Day Freezing-and- 
Thawing Tests,” Journal, Am. Concrete Inst., Vol. 12, 
No. 2, November, 1940, p. 157. 

6 Proceedings, Am. . Testing Mats., Vol. 31, Part I, 
p. 773 (1931); also 1931 Book of A.S.T.M. Tentative Stand- 
ards, p. 267. 
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sulfate tests were made according to the 
same procedure with the exception that 
a saturated magnesium sulfate solution 
was used in place of the sodium sulfate 
solution. 
The accelerated freezing-and-thawing 
cycle, hereafter referred to as cycle G, 
consisted of 5 min. in water at 200 to 
212 F., 5 min. in water at 35 to 40 F., 
30 min. in calcium chloride brine at 
QO + 10F., and 5 min. draining in air 
at 70 + 5F. Thus, 45 min. were 
required per cycle. Ten cycles were 
run per day. The aggregate samples 
were prepared according to the proce- 
- dure used in the sulfate tests. Each 
besa fraction was contained in a 
small metal pan with a perforated lid 
and a bottom of 100-mesh screen. 
Criterions for Durability Tests.—The 
criterion used for all three durability 
tests is the weighted percentage loss 
in weight calculated according to the 
_method described in Method C 88 
3 TS 


MortTArs 
Proportions: 


In proportioning mortars from fine 
aggregates differing in shape, surface 
characteristics, and grading, either the 
water-cement ratio, the consistency, or 
the paste ratio must vary. Because 
previous data indicated the water- 
cement ratio to be a more important 

_ factor than the paste ratio a uniform 
consistency was known to minimize 
irregularities in molding, the water- 
cement ratio and the consistency were 
held constant. Two water-cement ratios, 
0.45 and 0.60 by weight, or 5.07 and 
6.76 gal. per sack were used. The con- 
sistency was kept constant at a flow of 
60 + 5 using thirty {-in. drops of a 
10-in. flow table. The quantity of 
aggregate for each fine aggregate was 
determined by trial. Certain properties 
of these mixes are given in Table II. 


Specimens: 


The specimens were 2-in. cubes or 
2 by 2 by 10-in. beams cast in metal 
molds. Brass plugs were cast in the ends 
of the beams for use in measuring 


changes in length. 7 


Durability Cycle: 


Cycle P.—The specimens were alter- 
nately submerged under water at 70F. 
and placed in air at 0 + 10 F. 

Cycle H.—The specimens were alter- 
nately submerged in water at 70F 
and under 150 psi. pressure and placed 
in air atO + 10F. 

In cycles P and H changes from one 
condition to the other were made at 
8 a.m., noon, and 5 p.m. daily except 
Sunday. Hence there were 1} cycles 
per day and 9 cycles per week 

Sodium Sulfate Exposure.—The speci- 
mens were placed in a 10 per cent 
aqueous solution of sodium sulfate. 
This solution was renewed once per 
month. 

Natural Weathering Exposure.—Ex- 
cept for a few beams stored outside ona 
mesh rack, the natural weathering 
specimens, both beams and cubes, were 
placed in pans containing water to 
depth of 1 in. 


Curing: 


The curing was not the same for all 
specimens. ‘The beams in cycle H were 
started in freezing and thawing after 
28 days of submersion in water at 701 
The natural weathering beams wert 
placed outside on February 13, 193, 
after 42 days of submersion in water. 
The cubes in cycles P and H, for natura! 
weathering, and for sodium sulfate 
exposure were cured for 6} months 
under water. The natural weathering 
cubes were placed outside on October 
13,1933, 
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TABLE III.—PROPERTIES OF MORTARS—2-IN. CUBES. 


Data shown are the averages for three specimens. 


Laboratory Tests Natural Weathering 


of Days 
™ umber o of Immersion in 
Number of H Cycles at Cycles at 10 per cent 
Na2SO, Solution Change in 
| sveight After 
10 per cent | 30 per cent } yg 30 per Rat one a aes 10 per cent | 30 per cent 
ss in Loss in rey * | cent Loss ing 4 ss in ss in 
Weight | Weight Weight | Weight in Weight | ‘8 Weight Weight 


Number of Years at 


Fine 
Aggregate 


‘w/e =!w/e = w/e =|w/c =| w/e = w/e =|w/c = w/c =|w/c =|w/c =|w/c = 
5.07 | 6.76 | 5.07 | 6.76 6.76 76 ig 6.76 | 5.07 5.07 | 6.76 | 5.07 | 6.76 


| 
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—3.0| —9.4 
—1.7/ —3.8 
—4.9} —12.4 
—5.2| —74.0 | 
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—1.7| —20.0 
—38.6) 7 | 
| —4.7| —31.6 
| —4.2) —11.4 
| —2.7] —24.5 
| —4.0] —58.8 
79 | —3.0| —30.6 
0% 8%" —27.8| —8.9 
0%" | —1.21 —11.2 
—1.8] —9.0 


| 
| 
| 
| 
| 


Percentagesloss in weight at 651 P Cycles. 
Percentage change in weight after 482 days immersion in 10 per cent Na2SO, solution. 
© Number of years for 100 per cent disintegration. 


TABLE IV.—PROPERTIES OF MORTARS-—2 BY 2 BY 10-IN. BEAMS. 
Data are the averages for 2 specimens except as noted. 


Laboratory Tests Natural Weathering 
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r Relative Expansion Pe vebhes Change in Weight After 
Number of H Cycles After 8 yr. X 108 1 in. oe 8 yr., per cent 


| 
Aggregate lati Speci- Speci- 
E of | of Specimens in a Specimens in jmens on 
| lin. of Water | aWire| 1 in. of Water | a Wire 
0.0005 0.003 Rack 0.0005 Rack 


= w/e = | w/e= | w/e = w/e = 
6.76 6.76 5.07 6.76 6.76 


—402 6 —4.2 


—933 | 3.9 | —3.9 
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4 d 1% 
10 


; Average of 4 specimens. 
cp. Pansion for one specimen at 7 yr. The companion specimen was in 2 pieces the sixth year. 
at 6 yr. 
¢(,*Pansion at 4 yr. 
s 2 Specimen was in 3 pieces in eighth year and the other in 2 pieces the sixth year. 
“Sumber of years for 100 per cent disintegration. 
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Criterions of Durability: 


Percentage Loss in Weight.—The speci- 
mens from the laboratory cycles and 
natural weathering were blown off with 
a standardized air stream and weighed 
periodically. From these data the num- 
bers of cycles or the number of years of 
exposure to natural weathering causing 
a specified percentage loss in weight 
were calculated. The natural weather- 
ing specimens were submerged for 48 
to 72 hr. prior to blowing off and 
weighing. At the time these tests were 
run, 30 per cent loss in weight was 
considered an adequate end point. The 
authors have since been convinced that 
the use of a higher percentage loss in 
weight, say 50 per cent, is preferable. 
Because very few specimens subjected 
to natural weathering had reached 30 
per cent loss in weight at the time of 
writing, 10 per cent loss in weight was 
used as a temporary end point for these 
specimens. When comparing natural 
weathering and laboratory cycles, a 


laboratory cycles. 


ia per cent end point was used for the 


Expansion.—The changes in length 
of the 2 by 2 by 10-in. beams were 
measured by a specially mounted Ames 
dial reading, by interpolation, to 0.00001 
in., and thus, for a 10-in. specimen, 
giving relative deformation to 0.000001. 
Duplicate readings indicate the reading 
error, expressed as a relative deforma- 
tion, is less than 10 points, or 0.00001. 
All readings were taken with the beams 
submerged in water at 70F. An end 
point at a relative expansion of 0.003 
was used for the laboratory specimens. 
A higher expansion is preferred but for 


specimens disintegration around 


the ends prohibits the use of higher 
values. Because the relative expansions 
of the majority of the natural weathering 
beams had not yet reached 0.003 at the 
time of writing, a relative expansion 
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of 0.0005 was used as a temporary end 
point. The number of years of natural 
weathering as given is more accurately 
the number of winters of exposure, 
For the beams placed outside on Febru- 
ary 13, 1934, a full year was counted 
for the exposure of the remainder of the 
winter. 

Ratings for Mortars Exposed to 10 
per cent Sodium Sulfate Solution.—The 
cubes were rated periodically by visual 
inspection from 0 for no evidence of 
disintegration to rating 4 for one corner 
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Loss in Weight After 30 G Cycles, per cent 


5 20 25 30 35 4 4 & 


Loss in Weight After 5 Cycles of Sodium Sulfate 
or Magnesium Sulfate Treatment, percent 


5 10 


_Fic. 1.—Relations Between Data from Sound- 
ness Tests of the Fine Aggregates. 


rounded. Rating 4 was considered an 
end point for visual ratings. 


Data: 


Data from the durability tests are 
given in Table III for the 2-in. cubes 
and in Table IV for the 2 by 2 by 10-in. 
beams. Because some of the natural 
weathering specimens had not reached 
the defined end point, the percentage 
loss in weight and change in length 
after 8 yr. of natural weathering are 
given in addition to the number of 
years required to reach the end point. 

In Fig. 1, the data from the magnesium 
and sodium sulfate tests on the fine 
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aggregates are plotted against the corre- 
sponding data for cycle G. Except 
for fine aggregates Nos. 16 and 18— 
haydite and crushed limestone, re- 
spectively—a definite relation is shown 
between the data for cycle G, and the 
magnesium sulfate test. A trend is 
indicated by the sodium sulfate data. 
Hence, the same properties of the 
natural aggregate appears to be meas- 
ured by the three cycles. Because of 
the greater range in the data from the 
magnesium sulfate test, it should be 
given preference. It should be noted 
that the haydite aggregate suffered 
little from frost action or from sodium 
sulfate but was markedly disintegrated 
by the magnesium sulfate. Damage to 
the limestone was severe -in all three 
cycles but was relatively worse in 
cycle G. 

If the accelerated durability tests on 
the aggregate are significant, definite 
relations should be obtained between 
the data therefrom and durability data 
obtained on mortars made from the 
fine aggregate. Data for the aggregates 
are plotted against the data for the 
mortars for both the laboratory cycles 
and for natural weathering in Fig. 2. 
From sections a, b, g, h, m, and n, it will 
be seen that fairly definite trends exist 
for the natural aggregates except in 
section a. Consequently the soundness 
tests on the natural aggregates are 
indicative of the resistance of mortars 
made from them when subjected to the 
freezing-and-thawing exposure of cycle 
H. Whether expansion of beams or loss 
in weight of cubes is used, the limestone 
mortars, No. 18, are definitely low in 
tesistance to cycle H. The trap aggre- 
gate mortars are definitely high in re- 
sistance when the percentage loss in 
weight is considered, which is in line 
with the general impression as to the 
durability of concretes made with trap 


Proceeding to sections d, j, and p of 
Fig. 2, it is evident that the resistance 
of mortar to 10 per cent sodium sulfate 
solution is independent of the quality 
of natural aggregates as measured by the 
sulfate tests or cycle G. An interesting 
feature of these panels, however, is the - 
high resistance to sodium sulfate of 
mortars made from limestone, No. 18, 
or from haydite, No. 16. It will be— 
seen from Table III that the mortar — 
made from aggregate No. 17, limestone 
screenings with dust, showed an. in- 
crease in weight of 6 per cent after 482 _ 
days immersion in 10 per cent sodium 
sulfate. The high resistance of the 
haydite specimens can be explained on 
the basis of pozzuolanic action of the ~ 
haydite dust demonstrated by another | 
investigation of this laboratory.? 
explanation is available for the high | 
resistance of the mortars made from 
limestone screenings. 

In sections c and o of Fig. 2, no rela- 
tion is apparent between the sodium — 
sulfate and cycle G data and the re- 
sistance of the mortars to the slow 
cycle P. In section i, however, trends 
are shown which indicate that maximum 
resistance to cycle P is obtained if the 
weighted average loss in the magnesium — 
sulfate test is in the neighborhood of | 
18 per cent. The conception of an- 
optimum percentage loss in the mag- 
nesium sulfate test is unorthodox. — 
However, study of the data for natural 
weathering in Figs. 2 and 3 will show 
that it is probably correct. It is at 
once evident from sections e, f, k, 1, q, 
and r that the use of an aggregate 
having a low loss in magnesium sulfate 
is no assurance that the resistance of 
the mortar to natural weathering will — 
be high. On the contrary, higher 
weathering resistance may be obtained 


7C. A. Hughes and A. S. Levens, “Strength and > 
Shrinkage of Mortars Made with Blends of Portland — 
Cement and Pozzuolanic Materials,’ Proceedings, Am. 
Concrete Inst., Vol. 27, p. 317. 
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four speciad ripts are the aggregate identification numbers. 
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from mortars made from aggregates 
having higher losses in magnesium 
sulfate. Considering only those mor- 

tars which did not reach an end point 
at 8 yr. natural weathering for both 
water-cement ratios, we find Nos. 2, 3, 
and 5 at about the optimum loss in 
_ magnesium sulfate and for higher or 
lower magnesium sulfate losses, Nos. 
18, 4, 8, and 6 for the beams (section k) 
and 18, 4, and 1 for the cubes (section 
l). From the data of Table III it can 
be found that for aggregates Nos. 2, 3, 
and 5 the average expansion at 8 yr. 
is 0.000160 and the average loss in 
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tions will result in mortars low in fe. 
sistance to freezing and thawing because 
of failure in bond between the cement 
paste and the aggregate. This action 
is very marked when high-consistency 
or high water-cement ratio pastes are 
used. Examination of disintegrated 
specimens shows the aggregate to be 
almost entirely free from paste. The 
data shown below were obtained on 2-in, 
cubes submitted to this laboratory. 
Aggregate A appeared to be 100 per cent 
siliceous and had exceptionally smooth 
surfaced and rounded particles. Aggre- 
gate B contained considerable limestone, 
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Fic. 3.—The Effect of the Absorption of the Fine Aggregate on Magnesium Sulfate Soundness 
Loss and the Resistance of Mortars to Cycle P and to Natural Weathering. 


weight is 3.6 per cent, whereas for the 
specimens mentioned above made from 
aggregates having higher or lower losses 
in the magnesium sulfate test the aver- 
age expansion is 0.000282 and the 
average loss in weight is 5.1 per cent. 
Hence, in all probability, specimens 
Nos. 2, 3, and 5 will prove to be more 
durable than the remaining specimens 
which have not reached an end point. 
If this is true, then when the data are 
complete for sections / and k, trends 
similar to those indicated in section 7 
will be shown. 

It is known by those engaged in 


Unfortunately, aggregate samples were 
not received and consequently the ab- 
sorptions are not known. However, 
there is little question that aggregate 
B was considerably more absorptive 
than aggregate A. 
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water-cement ratio. Hence, it seems 
evident that the optimum absorption 
or the optimum magnesium sulfate loss 
will vary with the consistency of the 
paste to be used with the aggregate. 

For brick masonry it has been shown 
that the maximum bond is obtained for 
an optimum suction rate which varies 
with the consistency of the mortar.® 
It seems likely that some such line of 
thought could be applied to mortars and 
concrete with profit. The fine aggre- 
ates of the investigation of thispaper 
were saturated surface dry when mixed. 
Had they been dry when mixed it is 
possible that the durability of the 
aggregates of low absorption might 
have been improved. 

In Fig. 3, the absorptions of the 
aggregates are plotted against the data 
from the magnesium sulfate soundness 
test, from cycle P, and from natural 
weathering. A good relation was ob- 
tained between the magnesium sulfate 
loss and the absorption of the aggregate, 
though No. 16 lies far away from the 
trend shown and it is probable that 
No. 10 would also if the magnesium 
sulfate loss were known. It will be 
sen on examination that the cycle P 
and natural weathering data indicate 
the mortars having highest resistance 
were made from aggregate having ab- 
sorptions somewhat above 1 per cent. 
Comparison of Figs. 2 and 3 will show 
that the use of an optimum loss in the 
magnesium sulfate soundness test is a 
more efficient method of selecting a 
ine aggregate for mortar durability 
than is the use of an optimum per- 
‘tage absorption of the aggregate. 

Failure of specimens made from aggre- 
tate low in absorption has been discussed. 
Failure of specimens made with aggre- 


,, A. Palmer and D. A. Parson, “A of the 
a 


b, erties of Mortars and Bricks and Their Relation to 
vad,” Research Paper 683, Nat. Bureau Standards, Figs. 
“and 13, p. 633, 
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gates high in absorption is thought to be 
due to differential movements resulting 
from the expansion of the absorbed 
water on freezing as well as to the soft- 
ness of the aggregates that usually ac- 
companies high absorption. 

Again referring to Fig. 2, it will be 
seen that the mortar made from trap 
screenings without dust, No. 14, is 
exceptionally high in resistance to the 
fast cycle H when the percentage lossin 
weight from a cube is used as the 
criterion, and is among the specimens 
of highest resistance when the expansion 
of beams is used as a criterion. In the 
slow cycle P and in natural weathering 
the resistance of the trap mortars is 
relatively much less. For example, in 
natural weathering, using the loss in 
weight as a criterion the trap mortar is ° 
fourth lowest in resistance, failure oc- 
curring in bond. The mortars made 
from aggregate No. 16, haydite, having 
nearly 7 per cent absorption had very 
low resistance in the fast cycle H, and 
relatively high resistance in the slow 
cycle P and in natural weathering. The 
behavior of the specimens made from 
limestone aggregate No. 18 differs radi- 
cally in the laboratory cycles and in 
natural weathering. Concrete roads 
using limestone No. 18 have given ex- 
cellent service, whereas all laboratory 
tests on this material have indicated it 
to be very low in resistance to freezing 
and thawing. On the other hand, the 
mortar beams made from the limestone 
screenings with dust showed rapid dis- 
integration in natural weathering (see 
Table IV) reaching the end point for 
expansion in 3} and 1% yr. for the low 
and high water-cement ratios, re- 
spectively. The losses in weight for 
the beams were 93 per cent at 8 yr. and 
100 per cent at 5 yr. for the low and 
high water-cement ratios, whereas the 
losses for the corresponding cubes were 
1.2 and 11.2 per cent. No explanation 
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Fic. 4.—The Compressive Strength as a Criterion of Durability. 
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| isknown for the marked discrepancy in 
behavior of beams and cubes made from 
the same mix. The much higher per- 
centage of dust in aggregate No. 17 as 
compared with aggregate No. 18 prob- 
ably explains the greater durability of 
the mortars made from the latter 
aggregate. 

Because time is required for dis- 
integration in service and time is known 
to cause modifications in the stress- 
strain relations of the cement paste, it 
is believed that the longer the laboratory 
cycle, the greater are its chances to 
correlate with natural weathering. The 
data of Fig. 2 indicate cycle H tobe 
definitely inferior to cycle P as a means 
of predicting the behavior of mortar 
when exposed to natural weathering. 

Another unexpected development of 
the natural weathering data should be 
noted. It will be seen from Table IV, 
that 12 out of 15 of the mortars showed 
higher expansions in natural weathering 
for the lower water-cement ratios. The 
three exceptions, Nos. 4, 13, and 17, 
were all high in clay and silt, though 
No. 18 had higher clay and silt content 
than No. 4. Accepting expansion as 
evidence of disintegration, the behavior 
of these specimens indicates that the 
water-cement ratio is not as reliable 
an index of durability as has formerly 
been supposed. A similar result has been 
obtained on a group of specimens, 
varying chiefly in the brand of cement, 
which were exposed to natural weather- 
ing. For this group, beams made with 
4 water-cement ratio of 6.1 gal. per 
sack showed greater expansion than 
specimens made with a water-cement 


ratio of 7.89 gal. per sack in 7 cases out 
of 9. 


So far as the loss in weight is con- 


eed, all mortars but one showed 
uigher losses for the high water-cement 
‘allo mortars. The exception was the 
taydite mortar No. 16. Failure in this 
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mortar is unlike that of any other. 
The specimens split but do not crumble 
or scale. This action is to be expected 
because of the very high absorption and 
therefore great internal expansion of 
the aggregates when freezing occurs. 
It will be seen from sections (h) and (k) 
of Fig. 4 that the high water-cement 
ratio specimens of aggregate No. 16 
were the second lowest in resistance to 
weathering when expansion was used 
as a criterion, but were quite resistant 
(sections (i) and (/)) when the loss in 
weight was used as the criterion. 

In Table IV data are given for a few 
beams which were placed outside on 
metal racks so that drainage would 
occur freely. For this natural weather- 
ing exposure it will be seen that all 
specimens except one, No. 15, show 
shrinkages. Except for some sand- 
streaking, these beams apparently have 
not been injured by the exposure. 
Comparison of the data for companion 
specimens stored in 1 in. of water will 
show the important influence of the 
exposure condition on the data from 
natural weathering. Strength is popu- 
larly regarded as a criterion of dura- 
bility, the durability increasing with 
increase in strength. However, the 
data plotted in Fig. 4 show this widely- 
used rule to be unreliable when differ- 
ences in strength are the result of the 
use of different fine aggregates and 
water-cement ratios differing by not 
more than 1 to 2 gal. per sack. Re- 
ferring to sections (a) and (d) of Fig.4, 
no relation is shown between the com- 


pressive strength and the resistance to’ 


cycle HT when the expansion is used as a 
criterion. When the loss in weight is 
used as a criterion (sections (6) and (e)) 
a fairly definite relation exists between 
the compressive strength and cycle H, 
except for specimens Nos. 13 and 14. 
When cycle P is used (sections (c) and 
(f)) there is again no relation which is 
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Fic. 5.—A Comparison of the Effects of Natural Weathering and the Laboratory Cycles on 
2-in. Cubes. 


true also for resistance to a 10 per cent 
sodium sulfate solution (sections (g) 

and (j)). 

Referring to sections (4) and (k) of 
Fig. 4, it will be seen that strength 
gives no indication of the resistance to 
natural weathering if the expansion of 
beams is used as the criterion. A some- 
what closer examination is required for 
sections (i) and (1). When the loss in 
weight of cubes is used as the criterion, 
the data of sections (i) and (1) show that 

on the average specimens of higher 
water-cement ratio and therefore lower 
strength may be expected to have less 

resistance to natural weathering. 
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at a Relative Expansion of 0.0005 
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Number of H Cycles at a Relative 
Expansion of 0.0005 


_ Fic.6.—-A Comparison of the Effects of Natu- 
ral Weathering and One Laboratory Cycle on 2 
by 2 by 10-in. Beams. 


Though it is possible that trends may 
develop in sections (i) and (l) when more 
data are obtained, the wide spread in 
durability for approximately equal 
strength indicates little hope of a useful 
relation. 

As a result of a previous investiga- 
tion? of mortar in which the brand of 
cement and the water-cement ratio were 
the variables and the fine aggregate 
was a constant, it was concluded that 
“For a given cement or for the average 
of a number of cements, the resistance 
of mortars to artificial freezing and 
thawing increases with increase in com- 
pressive strength, but for mortars of 
the same water-cement ratios and con- 
sistency made from different cements, 
this relation does not hold and for high 
water-cement ratios may be reversed.” 
Hence, taking the data of both investiga- 
tions into account, it is evident that 
strength should not be used as an ac- 
ceptance test for durability, since it 
would necessarily be applied to speci- 
mens differing in aggregate, brand of 
cement, water-cement ratios, and other 
factors. 

Indirect comparisons have been made 


9C. A. Hughes, “The Durability of Cement Mortars 
The Cement and Method of Testing Major Variables, 
Proceedings, Am. Soc. Testing Mats., Vol. 33, Part 
p. 511 (1933). = 
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previously of the relative effects of 
laboratory tests and natural weathering. 
Figures 5 and 6 give a direct comparison 
using equal end points. It is likely that 
some modifications in these figures will 
result when data. from the natural 
weathering is obtained which will per- 
mit the use of 30 per cent loss in weight 
or relative expansions of 0.003 as 
criteria. Referring to the left-hand 
section of Fig. 5, no relation exists 
between natural weathering and cycle 
H and, so far as the authors are con- 
cerned at least, no further time need be 


|| | | 
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we=676 gol per sack | 


Number of H Cycles ata Relative 
Expansion of 0.003 (Beams) 


0 50 100 150 200 250 300 
Number of H Cycles at 30 per cent 
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Fic.' 7.—Relations Between Resistance of 
Mortars to Cycle H Measured by Use of 2 by 2 
10-in. Beams and by Use of 2-in. Cubes. 


lost pursuing this 
the-wisp. 

In the right-hand panel of Fig. 5, a 
very nice relation is shown between 
natural weathering and cycle P using 
weight loss as a criterion for the speci- 
mens which reached an end point in 
0 yr. or less. However, when the data 
lor all specimens are considered from the 
viewpoint of setting some number of 
P cycles as a specification limit, it is at 
once evident that cycle P is of no more 
value than cycle // as a criterion of re- 
sistance to natural weathering. Essen- 
tilly similar remarks apply to the data 
of Fig. 6 in which resistances of beams 
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to natural weathering and to cycle H 
are compared. 

It has been evident throughout the 
discussion of the data that the durability 
rating given any mortar would depend 
not only on the cycle used but also on 
the size and. shape of specimen and on 
the method of determining the end 
point. In Fig. 7 fairly definite trends 
are shown between the resistances of 
specimens to cycle H when measured 
by an expansion end point on beams 
and a weight end point on cubes. How- 
ever, if the specimens of higher re- 


Ww 
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Fic. 8.—The Resistance of Mortars to Natu- 
ral Weathering as Measured by Use of 2 by 2 by 
10-in. Beams and by the Use of 2-in. Cubes. 
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sistance only are considered, it is found 
that considerable variation in expansion _ 
data can occur for a limited range in 
weight data. Figure 8 shows that there ~ 
is no relation between the data from the — 
expansion of beams and the data from 
the loss of weight of cubes that were _ 
exposed to natural weathering. Conse-. 
quently, it appears that the size and 
shape of the specimen and the method © 
of obtaining the end point are important | 
considerations in devising durability 


tests for control purposes. _ 
SUMMARY 


Because the number of variables was» 
large relative to the number of speci-— 
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mens and because the natural weathering 
data are incomplete, it is thought that 
conclusions more definite than the state- 
ments of the synopsis are not justified. 
Lack of useful correlation between 
the data of the two laboratory freezing- 
and-thawing tests of mortars used in 
this investigation and the data from 
the natural weathering of mortars is 
but additional evidence of the desira- 
bility of fundamental research in 
durability. 
The need for laboratory control tests 
for durability is evident in numerous 


fields of the concrete industry. In the 
search for such control tests, the authors 
believe that success, as measured by 
correlation with service exposure, will 


be found in the slower cycles. - 
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A DEVICE FOR STUDYING THE WORKABILITY OF CONCRETE 7 


By T. C. Powers! anp E. M. 


SYNOPSIS 


The terms workability and consistency refer to complex qualities not capable 


of direct measurement. 


They represent the combined effects of several 


properties, the most important of which are believed to be the following: 
(1) the yield value; (2) the characteristic force-flow relationship; and (3) the 
capacity for plastic distortion, that is, the maximum possible distortion 


without dilatation. 


A machine has been developed that is capable of dis- 


torting a plastic mass at any desired rate and of giving an automatically 
recorded graph of the acting force and of the rate and degree of distortion. 


The purpose of this paper is to describe’ 
inew apparatus for laboratory studies 
oi the workability of concrete and similar 
yanular, plastic materials. Before de- 
scribing the device itself it is necessary 
loreview certain features of the physics 
iflow and plastic deformation, much as 

as done when the basic principles of its 
were first conceived. 


much has been written about the 
tkability of concrete with so many 
ferent definitions and connotations 
t the same words that it seems neces- 
ity to establish at the outset the ideas 
ich the authors hope certain words 
convey. Such words are: work- 
lity, consistency, plasticity, cohesive- 
Segregation, viscosity, mobility, and 
value. In addition, certain new or 

s used terms must be considered: 
tamely, dilatancy and the capacity for 


Definitions of Terms: 


sistant to the Director of Research, and Assistant 
“ist, respectively, Portland Cement Assn., Chicago, 


plastic distortion. 

standing concerning the meaning of these 
words cannot easily be reached through 
a list of definitions. It seems better to 
discuss the facts and theories to which 
they pertain so that their meaning will 
be made clear by the context. 

The term “workability” is qualitative 
only; it represents a quality that cannot 
be measured in the fundamental units of 
mass, length, and time. ‘Therefore, it 
has no universally recognized, definite 
meaning; it is intrinsically vague. This 
is illustrated by the following definition, 
proposed in another paper by one of the 
present authors.” 

“Workability is the combined effect of 
those properties of fresh concrete that 
determine the amount of internal work 
required for placement and compaction, 
and that determine the resistance to 
segregation.”’ To search for a means of 


2 T. C. Powers, “Workability of Concrete,’ to appear in 
the revised Report on Significance of Tests of Concrete 
and Concrete Aggregates to be published by the American 
Society for Testing Materials. 
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directly measuring workability, so de- liquid; the velocity is zero at the solid. gral 

‘ fined, is clearly futile. There isnocon- liquid boundary and increases with the per! 

; - ceivable fundamental unit of measure’ distance from the surface. In a tube resis 
_ for such a complex quality. the flow may be visualized as the move. the 
Likewise, as Breyer and Green* have ment of coaxial cylinders of infinitesimal befo 

said, the word consistency takesonmany _ wall thickness, the center cylinder having bety 
| meanings according to context. It can maximum velocity while the outer one beh 

_ be and has been applied to everything remains fixed with respect to the solid solic 
from gases to crystalline solids. boundaries. With liquid flowing overa Fi 
Despite the complex nature of these plane surface the flow may be regarded cent 

: words, they undoubtedly reflect a sen- as the sliding of sheets or laminations pens 

_ sory perception of certain combined over each other, the sheet at the solid- and 

_ qualities which separately should be liquid boundary having zero velocity side 
measurable in fundamental units. Be- and that near the air-liquid boundary, If 

cause of this it is proposed to deal with maximum velocity. In both cases, con- penc 

those properties that seem to be com- tinuous flow is a process of continuous the | 

_ ponents of the qualities recognized as shearing of the liquid, and the observed fluid 
workability and consistency without at- resistance to flow is the effect of resist- to fe 
tempting to decide the exact degree to ance to this laminar shear. othe 

which each fundamental property is con- A characteristic of the liquid state is aggl 

cerned with each of these two qualities. that shear can be produced by any force drox 

The term plasticity can be more however small and the rate of shear for ceme 
definitely defined than the terms just so-called simple, or Newtonian, liquids past 
discussed. Plasticity will be used here (including water) is directly proportional prop 
only with reference to comparatively to the applied force. The proportional- denc 

thick suspensions of granular solids in _ ity factor between force and rate of shear hold 

fluid, a general classification in which differs with the nature of the liquid and exan 
cement-pastes, mortars, and concretes with temperature. It is called the a past 

can be placed. Such suspensions take efficient of viscosity. ridge 

on properties that are characteristic of unde 

fluids at one extreme and of solids at the Flow of Suspensions: force 

other. How this is true can be made Seen > P start 

clear by first considering the nature of When & fluid is mixed with finely - the + 
fluid-flow. vided solids, forming a suspension, the resp 
viscosity of the system as a whole vole 

Flow of Fluids: ' changes little from that of the liquid very 

When a fluid such as water is caused the p of solids elast 

ee At higher concentrations the viscosit) Sy 

to flow slowly through a tube, africtional of the mixture becomes noticeably diate 
resistance is experienced. Likewise, if it greater than that of the liquid alone, and with 

flows as a sheet over a solid surface, the resistance to shear (that is, to flow ie 

similar resistance is found. This resist- increases very rapidly with concentration what 

ance may be regarded as arising pri- when the concentrations are such as! the t 

7 marily from the differences in the veloci- produce mixtures commonly recognizes value 
; ties of various parts of the stream of as pastes. When the concentration ture | 
on ft 

+ F. G. Breyer and Henry Green, “Introduction: A Dis- 4 For the purpose of this discussion it is not necessary \ TFer 

Sate Vel. in Am. Soc. Testing turbulent flow; viscous flow is assumed throug? “Blast 
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granular solids is made high enough, 
perhaps with the aid of pressure, the 
resistance to shear approaches that of 
the solid particles themselves. As said 
before, in the intermediate condition 
between fluid and solid, the mixture 
behaves partly as a fluid and partly asa 
solid. 

For this discussion attention can be 
centered on the comparatively thick sus- 
pensions represented by pastes, mortars, 
and concretes. It is convenient to con- 
sider pastes alone at first. 

If the solids in suspension are inde- 
pendent of each other —well dispersed— 
the paste is likely to behave much like a 
fluid, although the relation of rate-of-flow 
to force may not be linear.’ If, on the 
other hand, the particles are highly 
agglomerated as are the calcium hy- 
droxide particles in a lime putty or the 
cement particles in a cement-water 
paste, the paste then has some of the 
properties of a solid. This is sometimes 
denoted by the ability of the mixture to 
hold its shape against small forces. For 
example, on withdrawal of a trowel the 
paste may show standing spines or 
ridges on its surface. Such materials 
under test show that some minimum 
force must be exceeded before flow 
starts. This minimum force is called 
the yield value. It is believed that the 
response to forces smaller than the yield 
value, if the force is applied for only a 
very short interval of time, is that of an 
elastic solid. 

Such solidity may be apparent imme- 
diately after mixing or it may develop 

with time. When the latter is the case, 
the solidity is said to be the result of 
what is called thixotropic set. When 
the material is of this nature, the yield 
value is not a fixed property of the mix- 
ture but depends to an important degree 
on the history of the sample. The 
wpf9r a description of the many possible types of flow see 


scasticity, Plasticity and Structure of Matter,” by R. 
ouwink, p. 10, Cambridge University Press (1937). 
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previous history of the sample (that is, 
the method of mixing and the time-— 
interval since mixing, etc.) probably also 
influences the yield value of nonthixo-— 
tropic pastes, but few or no confirming 
data are at hand. 

As said before, mixtures having yield 
values probably behave much as true 
solids under very small stresses. How- 
ever, unlike true solids, their response to 
stress is regulated in an important way 
by the rate at which the stress is applied 
and by the interval of time over which | 
a given stress is maintained. With con- 
cretes and mortars in the solid state, this 
has been shown to be true; it has not — 
yet been demonstrated for the plastic — 
state. 

A mixture which, by virtue of its 
yield value, is capable of withstanding 
some small stress without giving way 
and which also will distort without rup- 
ture or change in volume under a suffi- 
ciently large force, exhibits behavior 
which clearly meets the requirements of 
a common dictionary definition of the 
adjective “plastic”: “capable of being 
deformed continuously and permanently 
in any direction without rupture.” 

By some definitions the material must 
also be capable of holding its new shape 
after being distorted if it is to be classi- 
fied as plastic; but this is a very indefinite 
specification, for it depends too much on 
the particular shape and position pro- 
duced. For example, a plastic mixture — 
might easily retain its shape if rolled — 
into a thin sheet on a horizontal surface, 
but it might fail if it were made cylindri-, 
cal. A material showing any finite 
yield value would be able to hold some 
shape in some position. Therefore, it 
seems clear that a material showing a 
yield value, however small, meets part 
of the definition of a plastic. 

When a plastic material is stressed 
beyond its yield value, distortion takes 
place, the amount and rate being char- 
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acteristic of the material. Such distor- 
tion may be considered to be flow in that 
it involves the same type of shear as 
fluid-flow and the energy used is appar- 
ently not stored as potential energy re- 
coverable on release of the force; that is, 
distortion is apparently inelastic. With 
some materials, under some conditions 
of test, the differential of flow-rate with 
respect to force is constant and thus is a 
factor analogous to the coefficient of 
viscosity, that is, when rate of flow is 
plotted against force, the result is a 
straight line. But, since the line does 
not pass through the origin, the force- 
flow ratio for such data cannot properly 
be called the coefficient of viscosity; un- 
like viscosity, it varies with the magni- 
tude of the acting force. Bingham® has 
called the slope of such a curve the co- 
efficient of mobility. 

Bingham regarded the yield value (or 
“friction,” as he called it) together with 
mobility as constituting a complete 
measure of plasticity. However, he did 
not measure the yield value directly but 
assumed it to be identical with a value 
found by extrapolating the straight line 
representing the relationship of force to 
flow obtained under test conditions 
producing relatively high rates of shear. 
It is now believed that the value thus 
obtained is seldom, if ever, the true yield 
value. 

As a matter of fact, there are few, if 
any, direct experimental data which bear 
out the usual assumption that relatively 
thick, plastic suspensions give test results 
like those on which Bingham’s nomen- 
clature is based. Certainly, the experi- 
ments of Norton’ with mixtures of clay 
stiff enough to be molded into cylinders 


*E. C. Bingham, ‘Fluidity and McGraw- 
Hill Book Co., Inc., New York, N. Y. (1922). 

7F.H. Norton, ' ‘An Instrument for Measuring the Work- 
ability of Clays,” Jeurnal, Am. Ceramic Soc., Vol. 21, pp. 
33- 36 


show no evidence of such behavior. On 
the contrary, the resistance of such 
materials to distortion resembles very 
closely that of a true solid when stressed 
up to and beyond its yield point; at smal] 
strains the required stress is proportional 
to strain and at higher degrees of distor- 
tion stress further increases with strain 
but is not proportional to it. 
Roller,’ using a different technique, 
also has obtained similar results for a 
wide variety of relatively stiff, plastic 
materials. That is, he too found that 
stress must increase with the degree of 
distortion. It should be noted care- 
fully that this is distinctly not the be- 
havior of a fluid, nor of a plastic as de- 
fined by Bingham, for with fluids and 
with plastics so defined, the required 
force is entirely independent of the de- 
gree of distortion and depends only on 
the rate of distortion. Roller’s findings 
show that the force required for distor- 
tion of pastes, greases, etc., stiff enough 
partially to hold a cylindrical shape, 
depends almost solely on the degree, and 
hardly at all on the rate, of distortion. 
Data to be reported later in this paper 
give some support to this conclusion. 
It seems that many of the conclusions 
that have been reached heretofore con- 
cerning the behavior of plastic materials 
do not apply to pastes or other thick, 
granular suspensions. Nevertheless, it 
is evident that the quality known as 
plasticity must depend on the yield value 
of the material and the manner in which 
the material responds to forces exceeding 
the yield value. However, it does not 
follow that these two factors are sufli- 
cient to describe completely the degree 
of plasticity possessed by a given mate- 
rial. To accept such a conclusion would 
8 P.S. Roller, “Plastic Flow of Dispersions and a) 


Approach to the Study of Plasticity,”’ Journal of Ph si u 
saan Vol. 43, pp. 457-489 (1939). 
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be to overlook one of the most important 
factors that cause certain materials to be 
considered as a separate class, “‘capable 
of being deformed continuously and per- 
manently in any direction without rup- 
ture.” This qualification “without rup- 
ture’ is to be noted especially. It 
implies not only that any given solid is 
plastic while it is deforming continu- 
ously, inelastically, and without rupture 
under stresses greater than its yield 
value, but also it implies that when the 
same material ceases to deform in this man- 
ner it likewise ceases to behave as a plastic. 
Thus, not only are the yield value and 
the characteristic response to forces 
greater than the yield value involved in 
the concept of plasticity but also a limit 
on the inherent capacity for plastic defor- 
mation is an essential part of this concept. 
That is to say, the plasticity of a body 
cannot be described in less than three 
terms, as follows: 

1. The force required to start defor- 
mation—the yield value. 

2. The characteristic response to forces 
exceeding the yield value—-the stress- 
flow relation. 

3. The capacity for plastic distortion. 


Dilatancy: 


The limit of plastic distortion is 
marked by the beginning of structural 
failure, a rupture of some sort, or by the 
phenomenon known as dilatation. Dila- 
tation may be manifested in several 
lorms: it may be observed easily by 
lorming a ball of neat cement of about 
hormal consistency and then twisting 
the ball so that one hemisphere tends to 
folate with respect to the other. The 
twisting is accomplished with little effort 
up to a certain maximum angle at which 
the required effort for further distortion 
increases sharply. Any distortion be- 
yond the point where the required force 
increases is accompanied first by a dry- 
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ing of the surface in the zones where the 
strain is greatest and then by rupture. 
The drying at the surface is caused by an 
increase in the volume of the paste with- 
out a corresponding increase in water 
content, that is, it is caused by dilat- 
ancy defined by the dictionary as “hav- 
ing the property of increasing in volume 
when changed in shape owing to increase 
of the space between the particles.” 

The necessity for a wider spacing of 
the particles arises in this case from the 
fact that when compacted to the degree 
represented by normal consistency each 
cement grain, though separated from 
its neighbors by water, nevertheless has 
but a limited range of free movement 
without making contact with a neighbor- 
ing grain. When distortion is pro- 
duced, shear within the mass causes 
adjacent layers to slide one over the 
other. By regarding such layers as hav- 
ing infinitesimal thickness, the grains, 
having finite dimensions, tend to lock 
together adjacent layers, or shear-planes, 
and the locking becomes positive as soon 
as the grains have made contact in at- 
tempting to slide past each other. If 
distortion is forced beyond this limit, the 
particle interference described above 
causes the mass to expand: it causes 
dilatation. 

Another frequently cited example of 
dilatancy is that which was given by the 
originator of the term, Reynolds, in 
1885.9 One of Reynolds’ observations is 
that of the behavior of wave-beaten 
beach sand which whitens and appears 


to become dry with each footfall but. — 


takes on its original appearance when the 
pressure is released. This is caused by 
the displacement of closely packed grains 
in such arrangement that only slight 
deformation can take place without 
dilatation. 


*QOsborne Reynolds, “The Dilatancy of 
Composed of Rigid Particles in Contact,” 


Media 
Philosophical 


Magazine, Vol. 20, p. 469 (1885); “‘Dilatancy,’’ Nature, 
Vol. 33, p. 429 (1886). 
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Freundlich and Réder'® describe an- 
other example, given originally by Wo. 
Ostwald, in which certain fine powders, 
starch for example, when mixed with a 
limited amount of water and stirred 
slowly behave like a viscous liquid. 
When the speed of stirring is increased, 
the mass becomes seemingly dry but 
recovers its fluidity again when the rate 
is decreased. This experiment illustrates 
the important fact that under some cir- 
cumstances dilatancy involves the ele- 
ment of time as well as the properties of 
the components of the mass. That is, a 
mass which may be capable of a given 
amount of plastic deformation at a low 
rate of deformation may at a sufficiently 
high rate exhibit marked dilatancy, ap- 
parently because the particles do not 
have time to find the paths in which free 
movement might have taken place. 

In general it may be said that in any 
mass in which the particles are so spaced 
that they have restricted freedom for 
movement, the mass will become dilatant 
at some degree of distortion. Further- 
more, in a suspension of independent par- 
ticles, even if it is possible geometrically 
for any particle to find a free path 
through the mass, the system may be- 
come dilatant if the rate of distortion 
becomes sufficiently high. 

Experience with pastes indicates that a 
granular plastic can exhibit a tendency 
toward dilatation without actually be- 
coming dilatant. At some degree of dis- 
tortion a definite interlocking takes 
place, but on increasing the acting force, 
the mass continues to deform without 
expansion. Such behavior could be ex- 
plained by assuming that the interlock- 
ing is not between individual particles 
but between flocs which have relatively 
little structural strength. The con- 
tinued plastic distortion following the 


10H. Freundlich and H. L. Réder, “Dilatancy and Its 
Relation to Thixotropy,’’ Transactions, Faraday Soc., 
Vol. 34, pp. 308-316 (1938). 
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initial interlocking is made possible by 
the distortion or rupture of these flocs, 
It is possible also that dilatation may not 
follow the initial interlocking of particles 
because continued increase in force may 
bring about a change to a less dilatant 
configuration of the particles. 


Summary: 


From the foregoing discussion it should 
be evident that in this paper the terms 
workability and consistency are to be 
regarded as qualitative attempts to de- 
scribe in a word the combined effects of 
several definable physical properties of 
granular, plastic materials. In a study 
of the fundamentals of plastic mixtures 
it is hopeless to attempt to measure such 
dimensionless qualities directly. How- 
ever, the qualities in question involve 
properties such as viscosity, yield value 
and the force-flow relationship that are 
amenable to quantitative measurement. 
These factors together with the capacity 
for plastic deformation—that is, the 
degree of distortion at which the tend- 
ency toward dilatation develops—com- 
bine to give a quantitative measure of 
plasticity. The term “plasticity” en- 
bodies most, but not all, of the concepts 
of workability and consistency. 


Resistance to Segregation: 


The discussion up to this point has 
been concerned only with those proper- 
ties of concrete that influence the “in- 
ternal” work done in placing concrete. 
A complete study of workability requires 
also consideration of the latter part of the 
definition of workability given pre 
viously, that is, the qualification com 
cerning the ability to resist segregation. 
The term “segregation” has been used is 
various places to mean separation @ 
water, separation of aggregate sizes, or 
departures from homogeneity in 4} 
respect whatever. Segregation of ww 
is the phenomenon elsewhere called 
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bleeding. The same factors that control 
bleeding undoubtedly influence work- 
ability to a marked degree, but the au- 
thors are doubtful that bleeding should 
be considered as an independent variable 
ina study of workability. 

As to the segregation of aggregate 
sizes, it can be seen readily that a mixture 
distorted to the point of dilatation is very 
likely to segregate on further distortion. 
In fact, the distortions produced in most 
mixers must be such as to maintain some 
degree of segregation throughout the 
period of mixing. Therefore, it is be- 
lieved that the capacity for plastic dis- 
tortion has an important bearing on the 
ability of a mixture toresist segregation. 

Finally, it might be necessary to con- 

sider the cohesiveness of the paste part 
of the mix as an independent variable 
ontrolling resistance to segregation. 
However, here also there is reason to 
believe that it may not actually be an 
independent variable because cohesive- 
ness seems to depend on the specific sur- 
face of the particles, the shape of the 
particles, and the physicochemical rela- 
tionship between the solid and the liquid 
phases. These are the same factors that 
control flocculation, yield value, and 
probably the force-flow relationships of 
the paste. Consequently, there is hope 
that, when the factors determining the 
egree of plasticity are measured satis- 
lactorily, all of the factors that charac- 
terize workability will have been ade- 
uately taken into account. 

[tis to be emphasized that the theories 
nd opinions expressed in the foregoing 
‘iscussion are on the whole not to be con- 
sidered as facts accepted by the authors 
out as a working hypothesis that is being 
ised in the study now under way. No 
‘oubt occasion for correction and change 
emphasis will arise as the experimental 
work proceeds. 
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DESCRIPTION OF THE NEW APPARATUS 


Based upon considerations such as the 
foregoing, an attempt was made to pro- 
duce a device that would measure the 
three factors believed to be most impor- 
tant to workability. Several machines 
were built and found to be unsatisfactory 
for*one reason or another. Finally, a 
machine was developed which utilizes 
the principle found in the Couette or the 
McMichael viscometer. Although the 
machine is not satisfactory in all respects, 
it meets the major requirements of the 
experimental work for which it was de- 
veloped—a study of pastes and concrete 
mixes. 

Figure 1 shows the general appearance 
of the machine. Figure 2 is a close-up 
view of the essential parts. Cylinder A 
is 12 in. in diameter and 8 in. deep. Bis 
a hollow drum 8 in. in diameter and 3 in. 
deep, with both top and bottom closed. 
The rectangular object is an automatic 
recorder. Both the drum and the re- 
corder are fastened rigidly to the shaft. 
The test-sample (paste, mortar or small- 
aggregate concrete) fills all the space 
under and around the drum. 

The drum in its normal position is held 
about 4 in. above the bottom of the con- 
tainer. By this arrangement the test is 
made only on the top part of the sample 
and the results are therefore not imme- 
diately, affected by the layer of sediment 
(the ‘compression zone”) which begins 
to develop as soon as the sample is in 
place. 

The sample may be tested in several 
different ways. When the machine is 
assembled as shown in Fig. 2 and the 
sample is in place, the operation is as 
follows: 

By means of the motor shown in Fig. 1, 
container A is caused to turn around its 


11 See Bulletin 2, Portland Cement Assn., pp. 3-12, 84-85 
(1939), for a discussion of the development of a ‘‘compres- 
sion zone’’ during the period of sedimentation (bleeding). 
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vertical axis. The rotation of A (Fig. 2) 
reacts on drum B through the material 
filling the space around the drum, pro- 
ducing a torque tending to rotate the 
drum in the same direction. The rota- 
tion of the drum is resisted by the stay- 
bar C. (See Figs. 1 and 2.) One end 
of the stay-bar is attached by a hinged 
joint to the vertical member of the frame 
and the other is connected through an- 
other hinged joint to the Jever-and- 
spring arrangement shown best in Fig. 4. 
Because of this arrangement, the rotation 
of the drum is opposed by the spring. 

ny displacement of the spring is regis- 
tered by one of the two pens shown in 
Fig. 4 on graph paper moving one inch 
per second. 

Since the drum is not permitted to 
follow the rotation of the container, the 
material in the annulus is distorted. A 
measure of the distortion is registered on 
the moving paper by the second pen, 
which is actuated by a suitable arrange- 
ment of gears that are caused to rotate 
by any angular change of A with respect 
to B. Slip between the sample and the 
apparatus is prevented by the ribbed- 
rubber coverings shown. 

The actual distortion of the material 
in the annulus is not uniform but varies 
from a minimum at the outside to a 
maximum at the inside. The recorder 
indicates only the change in position of 
the boundaries and hence it registers the 
integral of the unit distortions across the 
annulus. The relationship of the re- 
corded value to the actual distortion at 
any point in the annulus is therefore 
determined by the dimensions of the 
machine. However, in the discussion to 
follow, the angular displacement of the 
boundaries as indicated by the recorder 
will be considered to represent the actual 


distortion of the material. 


With the ordinary rotating-cylinder 
type of viscometer, the rotation is con- 
tinuous throughout the test. When this 
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procedure is followed using pastes or 
mortars, norma! distortion of the sample 
is not produced. Instead, after a frac- 
tion of a revolution, the sample fails in 
shear near the surface of the drum, the 
region of highest stress. After failure 
occurs, the bulk of the material in the 
annulus develops little distortion, if any, 
when the rotation is allowed to continue. 
Instead, the additional distortion occurs 
entirely within a very thin zone (} in. or 
less) adjacent to the curved surface of the 
drum. When this condition of extreme 
non-uniformity of distortion is reached, 
it is manifestly impossible to interpret 
measurements of total distortion or rates 
of distortion in terms of the character- 
istics of the sample asa whole. That is, 
it appears neither feasible nor correct to 
attempt to measure the plastic properties 
of a mix by observations on its behavior 
during continuous rotation of the con- 
tainer. The results obtained from con- 
tinuous rotation may not be without sig- 
nificance however, for the maximum 
torque developed indicates the strength 
of the sample in shear, and the torque 
necessary to maintain rotation is deter- 
mined by the frictional resistance de- 
veloped in the thin zone of failure. 

It has been suggested that the strength 
in shear is a significant characteristic of a 
mix. If—on further study— this should 
prove to be true, the machine can be 
used to obtain this information. 

Because it is unnecessary and unde- 
sirable to allow continuous rotation of 
the container when measuring the plastic 
characteristics of a mixture, the machine 
was so constructed that distortion can 
be stopped at any point or the container 
can be caused to oscillate automatically 
through any desired arc. Back of the 
control board (see Fig. 1) is a switching 
mechanism that can, if desired, be used 
to produce automatically a series o 
twelve oscillations, the rate of distortion 
changing every second cycle. By this 
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means the effect of varying the rate of 
distortion can be recorded quickly. 


TypicAL Test RESULTS 


In Fig. 5 the results of tests made on a 
viscous liquid, glucose, are given. In 
obtaining these data the container was 
caused to rotate continuously with the 
distortion-registering mechanism dis- 
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_ Fic. 5.—Records of Tests Made on Glucose. 
The slow rise to maximum torque is due to 
gradual acceleration of the driving motor. 


connected. The diagram shows that 
following a period of acceleration the 
torque remains constant. The value of 
the registered torque depends on the 
rate of rotation and on the viscosity of 
the glucose. When these values for 
torque are plotted against the rate of 
rotation, a straight line passing through 
the origin is obtained, as shown in 
Fig. 6. This result shows that the 
instrument correctly registers the char- 
acteristics of a fluid. 


Figure 7 is a typical record of a test 


on portland cement paste with the 
machine set to oscillate as described 
above. At time A the pens registered 
zero torque and distortion. Then in 
the interval AB (about 25 sec.) the 
distortion proceeded at a nearly constant 
rate and the torque acting on drum B 
(Fig. 2) increased at a steady rate. 
Note that all changes away from the 
zero line, whether above or below, are 
to be considered as positive. The 
two pens move oppositely. 

Torque and distortion reached their 
peaks simultaneously; the seeming lag 
of the torque curve is due to the fact 
that the pens are in tandem. 
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Fic. 6.—Relation Between Rate of Shear and 
Torque for Glucose as Determined by Con- 
tinuous Rotation. 

In the interval BC the driving mech- 
anism automatically reversed and the 
torque rapidly dropped to zero. This 
completed the first cycle. The sub- 
sequent cycles are seen to be the same, 
except that the total amount of dis- 
tortion is twice that of the initial 
distortion. This is a consequence of 
starting the test at the center of the 
range of oscillation. 


Torque-Distortion Relationship: 


To facilitate interpretation, data in 
the form shown in Fig. 7 are reduced 
to that shown in Fig. 8. This diagram 
shows the relationship between torque 
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and distortion for samples that were A representing the relationship for the 
distorted at a constant rate. Two first distortion after the sample was 
kinds of samples are represented: a placed in the apparatus and B, the 
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Fic. 7.—Typical Record Obtained When the Machine Is Set to Give Oscillations of About 10 deg. 
on Either Side of the Original Position. Curves for pastes, mortars and concretes all have the 


same shape. This graph represents a neat paste—water-cement ratio = 0.27 by weight. 
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Fic. 8.—Typical Relationship Between Torque and Distortion. 
Rate of Distortion: First deformation, 3 deg. per sec.; fifth deformation, 5} deg. per sec. 


1:2 mortar gaged to a 2-in. slump and fifth distortion. The upper of the two 


the same kind of mortar gaged to a_ curves A will be considered first. 


3-in. slump (6-in. cone). For each This curve shows that when the mixs 
mortar, two curves are given, A and B, distorted the torque increases almost 
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proportionately with the distortion. This 
isa remarkable result in that it indicates 
that a plastic mortar has stress-strain 
characteristics superficially like those 
of a solid. A curve such as A cannot 
be constructed for a fluid, because in 
fuids the force required to produce flow 
is independent of the amount of dis- 
tortion produced within the fluid by 
that flow and depends only on the rate of 
distortion. With solids the opposite 
is true: The force required is practically 
independent of the rate of distortion and 
depends almost wholly on the amount of 
distortion. Thus, curve A of Fig. 8, 
showing that in mortar mixes the re- 
quired force does depend upon the 
degree of distortion, together with other 
data (not represented in the graph) 
showing clearly that the rate of distortion 
has very little influence on the relation- 
ship shown, indicates that the behavior 
of a mortar is predominantly like that 
of a plastic solid and not at all like 
that of a fluid. Cement pastes and 
lime putties show the same kind of 
characteristics. 

The peculiar behavior of this type of 
material is further exemplified by the 
large change brought about by repeated 
distortions. This may be seen in Fig. 8 
by comparing the relative positions of 
the curves for the first and fifth distor- 
tion. During the operation of the 
machine it can be observed that the 
greatest resistance is offered during the 
irst distortion. The second distortion 
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can be produced with much less resist- 
ance and subsequent distortions re- 
sult in further, though smaller, re- 
ductions in resistance. A tentative 
explanation of this effect can be offered. 

It seems that during the first distortion 
the particles, in their initial, random 
arrangement, offer the maximum of 
particle-interference. On subsequent 
distortion the particles have become 
somewhat rearranged and oriented so 
that they have more freedom for move- 
ment. The practical consequence is 
that the resistance to distortion of a 
given mix depends not only on the 
composition of the mix but also on the 
degree to which it has previously been 
distorted in the same or opposite direc- 
tion. (Incidentally, this fact is utilized 
by experienced workmen who habitually 
take advantage of the effectiveness of 
“puddling” or “quaking” the mass to 
promote flow.) 

The fact that mortar and, undoubt- 
edly, concrete do not behave at all like 
a fluid at any stage of distortion brings 
out clearly the futility of attempting 
to apply many of the earlier ideas in the 
interpretation of data such as those 
presented above. It therefore becomes 
necessary to establish some of the 
fundamentals of this type of plastic 
flow before the new apparatus can be 
intelligently applied to the study of 
gradation and mix design for which it 
was intended. Experiments along this 
line are now under way. 


eg. 
> 
two 
nix is = 
most 


DISCUSSION 


Mr. C. A. G. WeymoutH! (by letter).— 
An important advance in our knowledge 
of workability of concrete mixtures can 
be expected from tests made with the 
new machine described in this paper. 
It is the writer’s opinion that it more 
truly reproduces essential movements 
that occur in placing concrete than any 
of its predecessors, even than the 
remolding test machine.? The alterna- 
tions of distortions reproduce the effect 
of waves of motion and accompanying 
surges of force that simultaneously 
affect all parts of the plastic mass. 
Vertical jigs, used in the remolding test, 
do not occur in practical concrete 
operations, and, besides, jigging causes 
heavy pieces to become unduly con- 
centrated within the ring clearance at 
the bottom of the apparatus and this 
clouds the interpretation of the test 
data. In the present device the only 
applied forces are horizontal. 

While this machine may handle a 
wide range of consistencies, the writer 
believes that some important influences 
on plasticity which affect very stiff 
mixtures are absent in high-slump con- 
cretes. For this reason comparison of 
workability of mixtures should be made 
at equivalent relative consistencies. A 
distinctive difference in plastic states is 
recognized by both ceramists and soil 
engineers which should be applied to 
studies of plasticity in concrete. In a 
stiff cement paste the finest solids are so 
closely spaced and the water films are 


1 Raymond G. Osborne Bureau of Tests and Inspection, 
Los Angeles,Calif. 

2T. C. Powers, “‘Studies of Workability of Concrete,” 
fet, Am. Concrete Inst., Vol. 28, February, 1932, 
p. 425. 
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so thin that polarized water, solvated 
layers, molecular cohesion combined 
with molecular adhesion, all play a part 
in the cohesion of the aggregation of 
solids, but such a paste is not a true 
suspension of solids in water since the 
solids predominate. On the other 
hand, in a paste made soft enough by 
adding mixing water until it slumps 
appreciably, these finest particles are 
separated by water films too thick for 
molecular attractions to be transmitted 
across them from solid to solid. Such a 
paste, if plastic, can be classed as a 
suspension since the liquid phase pre- 
dominates. Rhodes* divides 
plastic state of soils into two parts 
when highly plastic clays are tested: a 
cohesive, but nonsticky, plastic state 
and a sticky, adhesive, plastic state. 
Practical concrete mixtures that may be 
transported and placed principally by 
gravitation (down chutes, through tremie 
heads, etc.) are in the adhesive plastic 
state. 

This distinction is important since it 
is generally agreed that mixtures like 
concrete have plasticity because the 
solids are in a state of suspension. 
Such solids are dispersed, separated, and 
held apart in opposition to gravitational 
pull or cohesive forces tending to ag 
glomerate them. Most studies 
plasticity have been made on cohesive 
relations in stiff pastes (cohesion im- 
plying strength—strength of molded 
specimens or strength in soils to suppot 
building loads). There is considerable 


3E. O. Rhodes, “A Machine for Testing nies 
Subgrade Soils,” Proceedings, Am. Soc. Testing 
Vol. 38, Part Ii, p. 571 (1938). 
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confusion in the various explanations 
made to account for plastic suspensions 
because Of the failure to recognize a 
critical difference in these plastic states. 
None that the writer has seen appears 
adequate. If the principles of plastic 
suspension were understood, it is likely 
that they would be found to influence 
the cohesive plastic state in addition to 
the cohesive forces usually thought most 
important. Such knowledge would aid 
in correct interpretation of test data 
furnished by this new machine. 

A working hypothesis, developed by 
the writer to account for plastic suspen- 
sion, is here offered to aid in correlating 
test data. It has provided him with a 
better understanding of concrete in 
field practice, and serves to explain the 
efects of thixotropy and dilatancy, 
terms discussed by the authors. 

Plastic suspension of solids by water, a 
lighter medium, implies two things: 
!) maintenance for a sufficient placing 
time of enough clearance between the 
solids to permit free movement along 
planes of shear and a sluggish inter- 
change of portions of the mass while 
being molded, and (2) a _ vigorous 
retention of the water within the 
structure of the mix. Not only must 

lear water be kept from leaking from 
the cement paste, but cement paste 
must be retained within the voids of the 
sand in mortars, and mortar within the 
voids of the stones of concrete. Powers 
tas shown‘ that bleeding of clear water 
begins immediately by a process of sedi- 
mentation when fresh concrete of high 
quality is placed and agitation has 

‘eased. While this process is slow, the 
suspension of the solids is not positive 

t sufficient. It is evident that some- 
thing besides specific surface and struc- 
lure is needed. The writer finds that 


Powers, “The Bleeding of Portland Cement 
Aen (1939)"" and Concrete,” Bulletin 2, Portland Cement 
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plastic suspension is the result of mild 
turbulence upon a proper structure of 
solids containing the requisite amount of 
colloidal material. 


Coarse Structure of Concrete.—The 
structure of solids varying from fine 
cement to coarse stone is quite com- 
plicated when studied by the usual 
considerations of solidity ratio and void 
content. The real nature of such struc- 
ture is disclosed, however, when it is 
examined as an aggregation of size 
groups of solids. Each size group, 
whatever the diameter of its particles, 
possesses an elementary structure in 
which the total voids are subdivided 
into a series of individual void spaces, 
called ‘‘void pockets.” If the particles 
are large enough, of uniform size, and 
piled up in close packing, one can see 
that each pocket has a bulky volume 
outlined by the surfaces of surrounding 
stones with openings leading into ad- 
jacent pockets on all sides. A smaller 
particle just circumscribed in such a 
pocket would be much too large to pass 
through any of these openings. But a 
size group of particles is never ‘“‘closed- 
packed” in a mixture with finer material 
as in concrete. The particles of the 
group are held apart from each other but 
they are still capable of forming the 
typical void pockets with bulky volumes 
and interconnecting openings, provided, 
of course, their average clearance is 
not too much for them to have a definite 
structure. 

The void pockets defined by the 
particles of any size group are important 
because each contains its proportion of 
all the finer elements of the mixture of 
concrete. The freedom of movement of 
each such portion of matrix is held in 
check by the surfaces outlining the 
pocket and by the size of the orifices 
leading from it, and conversely the 
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is dependent upon this limited freedom 
of movement of its matrix. 

This structure of the size group 
persists even down to the microscopic 
cement solids. 

Structure at the Finest Range of 
Solids.— The matrix filling the finest 
void pockets of definite character con- 
sists of water with its concentration of 
colloidal cement solids and hydration 
flocs. 

When water is added to cement, the 
processes of hydration begin imme- 
diately. Anderegg and Hubbell found® 
the depth of hydration on medium 
cement grains to be 0.5 py in 24 hr., but 
with cement flour practically all had 
hydrated in this time. With separate 
minerals, however, the depths of hydra- 
tion on grains of tricalcium aluminate 
from 19 to 26 uw in diameter were 0.69 u 
in 1 min. and 2.14 in 15 min. Similar 
results were obtained with tricalcium 
silicate. While evidence that clinker 


grains disintegrate in the presence of 


water into separate minerals was not 
found, it is likely that the rate of 
hydration of the finest and, therefore, 
the softest cement particles is very 
rapid. The concentration of hydrous 
material in the water films is undoubt- 
edly increased by that rubbed off 
larger solids during the mixing period. 
The writer makes a distinction between 
the hydrated cement flocs that become 
coagulated, tenuous, and tuft-like and 
those grains of colloidal size not yet 
attacked by water. 

Any structural air present would be in 
the form of microscopic bubbles and 
would be found within the smallest 
void pockets, tending to impede free 
movement of the flocculent elements 
into adjacent pockets. While clear 
water leaks, or “bleeds,” through the 


_ 5F.O. Anderegg and D. S. Hubbell, ‘‘Rate of Hydra- 
tion of Cement Clinker,” Proceedings, Am. Soc. Testing 
Mats., Vol. 29, Part II, p. 554 (1929). 


orifices of these primary pockets when 
agitation has stopped in a concrete mass, 
the system of void pockets here outlined 
traps all fine elements during sedimenta- 
tion and prevents “free settling.” 
Powers virtually confirms this cop. 
ception of void pocket structure in his 
statement? “in spite of the fact that the 
largest particles present may be a 
thousand times the size of the smallest 
. . . the particles of various sizes and 
densities do not settle independently, 
but all move in unison, the finer particles 
being carried down by the coarser ones.” 

Plastic Suspension—As waves of 
motion pass back and forth through 
plastic concrete, surges of force are 
impressed upon each matrix in its series 
of void pockets, including those of the 
largest and finest sizes. These impulses 
are felt in all directions because the 
fluid phase is continuous. The result 
is a tendency for the elements in each 
pocket to move into an adjacent pocket 
in the direction of the surge. This 
tendency is resisted by the frictional 
contacts of the largest particles in the 
matrix at the orifices of the pockets. 
This resistance reacts on the particles 
of the size group forming the pockets and 
holds them apart, or ‘‘in suspension.” 

In the finest or primary void pockets, 
these surges roil the colloidal solids, 
some just not of colloidal size, together 
with the hydrous flocs and keep them 
turbid. Clots form across the openings 
of the pockets with each direction of 
motion and thus hold the water from 
leaking out similarly to blood at a cut 
that is matted with cobwebs. But when 
agitation of the mass stops, thes 
matted clots loosen so that clear water 
can find normal bleeding capillaries. 

An example of extreme turbulence and 
its power of suspension was provided 


6*T. C. Powers, “The Bleeding of Portland Cemest 
Paste, Mortar and Concrete,” Bulletin 2, p. 14, Portland 
Cement Assn. (1939). 7 
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by the failure of the St. Francis Dam in 
Los Angeles County. Great masses of 
mud, sand, gravel, and cobbles became 
mixed into a suspension by the sudden 
flow of escaping water. Huge blocks of 
concrete, one at least of which weighed 
more than a thousand tons, were carried 
more than half a mile downstream of 
small grade. 

Effect of Gap Grading.—Ease of efflux 
of a matrix through the openings of its 
pockets depends upon the number of the 
largest particles of the matrix and the 
relation of their size to the size of these 
openings. When one size group is 
omitted in the grading just below the 
group forming the pockets being dis- 
cussed, the largest size in the matrix is 
one half what it would be with con- 
tinuous grading, and these particles are 
relatively less effective in blocking the 
orifices. Loss of suspension is the 
result. 

Ordinary points of gap grading in 
concrete are those between the cement 
and sand, and between the sand and 
coarse aggregate, either of which causes a 
loss of plastic quality in the mix. 
Concretes which have these gaps only 
partially filled or without any material 
are watery in appearance and readily 
segregate. This is seen when the con- 
crete flows down an inclined chute or 
by the settling of the mass in a concrete 
buggy as it is wheeled a short distance. 
Concretes with fully continuous grading 
of its solids and free from particle 
interference have a drier appearance, 
ire more sluggish, but will flow down a 
chute without separation and the mix 
will stay “alive” and suspended even 
iter being wheeled over long distances. 

Particle interference of size groups, as 
this term is used by the writer, results in 
internal segregation of the conflicting 
gtoups during mixing. When a group of 
particles is too closely spaced in a mix, 
the next smaller particles cannot be 


uniformly mixed into the void pockets _ 


of the first size, and local points of gap 
grading are produced. Thus particle 
interference causes an increase of voids, 
and a corresponding increase in water- 
cement ratio is needed to maintain 
consistency. ‘This extra water plus the 
effect of local gap grading results in 
marked loss of suspensive power. 
Thixotropy.—Thixotropy is character- 
ized by clusters of particles loosely 
agglomerated such as occur in gap 
gradings or with particle interference. 
It is associated by this writer with loss 
of suspension, with rigidity and rupture, 
and occurs slowly with time. 
writer would expect to find evidence of 


The 


thixotropic effects in the distortion 


curves of the new testing machine. 
Dilatancy.—The authors employ the 
terms “rupture” and “dilatancy” syn- 


onymously. Structural failure in the 


case of a ball of stiff paste cited in the 
paper may result in a separation of the 
two hemispheres being twisted, without 
materially increasing the distances 
between the particles in either hemi- 
sphere, or it may be manifested in the 
segregation of the particles in the plane 
of shear due to the “troweling action”’ 
described which causes the particles to 
move away from this plane and become 
closer spaced on either side. Rupture is 
started by particle interference and 
produces planar segregation and ag- 
glomeration. 

The writer believes that dilatancy 
implies a mutual dilation of all particles 
in all directions, and not a separation 
across a plane of shear. He would 
associate dilatancy with the mechanism 
of granular structure that maintains 
plastic suspension. 

In the examples of true dilatancy 
cited in the paper, we see that the 


effects are produced by acceleration of - 


motion, impulse, or impact. 


The au- 
thors note that deformation of a plastic 
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mass with a high rate of application 
exhibits a marked dilatancy, ‘‘appar- 
ently because the particles do not have 
time to find the paths in which free 
movement might have taken place.” 

Applied to concrete mixtures, impact 
tends to set up instantaneous movement 
of the matrix in all void pockets and this 
calls up infinite resistance at all open- 
ings, large and small. The simultaneous 
expansive forces tend to separate the 
aggregate particles in all directions, and 
this dilatancy might be termed an 
acceleration of plastic suspension. 

While actual impact would rarely be 
applied externally to concrete, an effect 
of impact occurs in the end force of a 
surge due to wave motion which builds 
up like the snap of a whip. 

Indications of dilatancy in the data 
with this new machine should appear 
as a time element on the torque curves. 

Messrs. T. C. Powers’ AnD E. M. 
WILER’ (authors’ closure, by letter).— 
As stated in thé last paragraph of the 
paper, we believe the fundamental prin- 
ciples governing the plastic flow of granu- 
lar suspensions is yet to be established. 
Therefore, Mr. Weymouth’s hypotheses 
are of interest and will be given full 
consideration as we search for adequate 

7 Assistant to the Director of Research, and Assistant 


Physicist, respectively, Portland Cement Assn., Chi- 
cago, Ill 


interpretations of experimental data. 
It must be said, however, that his 
hypotheses seem not to take into account 
certain facts already known. 

For example, Mr. Weymouth seems 
to have overlooked the fact that the 
forces causing flocculation of the cement 
particles are responsible for the simul- 
taneous settlement of large and small 
particles rather than any filtering or 
“clotting” action such as is pictured by 
Mr. Weymouth. This is proved by the 
fact that when particles are dispersed 
with a suitable agent, segregation of 
particle sizes does take place. These 
forces which cause agglomeration are 
probably strong enough to hold the fine 
particles rather tightly attached to the 
coarse ones and thus prevent any “roil- 
ing” action such as Mr. Weymouth 
describes. 

The writers cannot agree with Mr. 
Weymouth’s statement that “dilat- 
ancy implies a mutual dilation of the 
particles in all directions....” We 
believe that the term applies, not to the 
particles, but to the aggregation of 
particles and that any part of this ag- 
gregation may become dilatant when 
distortion becomes too great. In the 
ball-of-cement-paste experiment cited, 
dilatation occurs first where the unit 
distortion is greatest. 
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CONCRETE UNDER SUSTAINED WORKING LOADS; EVIDENCE THAT 
SHRINKAGE DOMINATES TIME YIELD 


By G. A. Maney! 


a SYNOPSIS 


Evidence is presented to support the conclusion that “‘plastic flow” or 
“creep,’’ which have been considered to be the inelastic time yields of concrete 
under load, are negligible when concrete is loaded under low-stress conditions 
of ordinary practice. This evidence shows that what has for 30 years been 
considered an inelastic change due to load is an elastic change due to non- 
uniform shrinkage. The law of nonuniform shrinkage accounts for most of 
the excess time yield at ages under one year in loaded over unloaded cylinders 
which has for so many years been called ‘“‘creep”’ or “‘plastic flow.”” This paper 
contends that as long as the relative shrinkage differences between elements 
of a cross section continues, elastic time yield of cylinders under sustained load 


will differ from that of unloaded companion cylinders. 


The problem of time yield of concrete 
under sustained load has for many years 
been approached on the basis that unit 
shrinkage in a direction parallel to the 
axis of a loaded concrete cylinder was 
uniform over the whole loaded cross- 
section. Nowhere in the extensive bib- 
ography of “plastic flow” and “shrink- 
age,” prior to 1940, do we find any at- 
tempt to determine what the effect on 
time yield would be, of a much greater 
shrinkage for the surface than for the 
interior concrete of a cylinder which 
dried out when loaded on removal from 
wet curing. 

Those thousands of cylinder test re- 
sults which have compared surface gage 
iné readings taken parallel to the axis 
lor loaded specimens with the same read- 
ngs on identical or companion cylinders 
‘ave all discovered the axial time yield 
I the loaded cylinder was roughly twice 


‘Chairman, Department of Civil Engineering, North- 


Western 
Easton Institute, Northwestern University, 
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that of the unloaded cylinder. If shrink- 
age was uniform throughout the mass of 
a concrete cylinder, this could only mean 
that a time yield attributable to load 
intensity and quite independent of 
shrinkage was taking place. On the 
other hand, if the shrinkage is not uni- 
form then it may be reasoned that the 
additional yield under load is a function 
of shrinkage. 


Test CONDITIONS FOR “‘PLASTIC FLow” 
MEASUREMENTS 


The following series of facts regarding 
the test conditions should now be men- 
tioned since most of the tests which 
have been interpreted to make “plastic 
flow” an important property of concrete 
under working loads had these condi- 
tions in common: 

1. Most of these cylinders were loaded 
on removal from wet or moist curing. 

2. The identical or companion cylinder 
was allowed to dry out in the same rela- 
tive humidity as the loaded specimens. 
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3. The unit load applied to the loaded 
cylinder was in the range from 300 to 
1000 psi. and was of the same average 
intensity as the design unit loads of 
practice. 

4. The “plastic flow” referred to in 
this discussion is that which occurs under 
these low or working stress loadings and 
is not the “plastic flow” which is uni- 


tional to moisture loss or drop in 
humidity of concrete has long been recog- 
nized. It would be reasonable then to 
expect that if loaded concrete shortened 
more than unloaded concrete it should 
perhaps lose more moisture correspond- 
ingly and the term “seepage”’ has crept 
into the literature of ‘‘plastic flow” as a 
phenomenon which assumes that col- 
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Group No.!-Under Load of 1000 psi. 
(Average of 3 Specimens) 
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(Average of 3 Specimens) — 
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Fic. 1, 


A Comparison of Loss of Weight Between Loaded and Unloaded Plain-Concrete Specimer 


Due to Drying Out of Mixture. 


Average weight of specimens = 6.13 Ib. Test started at age of 1 day. Group No. 1 placed under continuous load 4 


age of 8 days. 


versally known to take place at unit 
load intensities in the region of the 
elastic limit. 

5. The unit time yields were always 
measured on the surface of the concrete 
and were based on the average results of 
three or more gage lines. 


Water Loss INDEPENDENT 
INTENSITY 


oF 


The fact that shrinkage of concrete is 
related to although not directly propor- 


Y 


loidal moisture is “squeezed” out of 
loaded concrete in somewhat the same 
fashion as water might be squeezed out 
of a sponge. For the loaded specime 
this moisture loss is contemplated 1 
addition to the shrinkage water los 
which is common to both the loaded 
specimen and its unloaded companicl 
specimen. 

Figure 1 presents a sample of several 
test results where great care was taken 
to assure the same surface exposure and 
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same humidity of surrounding air in 
both loaded and unloaded specimens. 
These results merely emphasize the fact 
that moisture loss depends only on the 
humidity of the surrounding air and is 
not affected by loading. This evidence 
indicates that “seepage” does not exist 
under working load. 


before Shrinkage | i 
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the interior concrete. In other words, 
surface concrete dries out more rapidly 
than interior concrete and it follows 
directly then that surface concrete 
shrinks more rapidly than interior 
concrete. 

Nonuniform shrinkage which proceeds 
rapidly at the surface and very slowly 
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Fic. 2.—(upper part) Shrinkage of Hollow and Solid Specimens Compared. (lower part) Stress 
Distribution over Sections of Loaded and Unloaded Cylinders Compared. 
Notes.—Giving the comparison between shrinkage of hollow and solid 8 by 32-in. cylinders, identical otherwise, at 


age of 20 days in laboratory air. 20-in strain-gage lines on surface and specia) yoke-gage to measure axial shortening. 
e } ¢<) = average unit shrinkage. This is also the increase with time in surface unit shortening which is twice 


that of unloaded cylinder. 


The average unit stress induced in either core or shell = } € gh E. 


also the surface unit shortening if we neglect shear strain. 


NONUNIFORMITY OF WATER Loss 
THROUGHOUT VOLUME 

An interesting side light on the true 
distribution of shrinkage in concrete 
members is found in a paper by Gause 
and Tucker.2 This investigation proves 
what must be correct if “warping” or 
nonuniform shrinkage occurs in a mass 
of concrete and that is that surface con- 
crete approaches the humidity of the 
surrounding air much more rapidly than 


*G. Rupert Gause and John Tucker, Jr., “Method of 
crete.” ining the Moisture Condition in Hardened Con- 
5, Ni Journal of Research, Nat. Bureau Standards, Vol. 

» No. 4, October, 1940, p. 403 (Research Paper 1334). 


Shortening due to core strain = This is 


near the longitudinal cylinder axis im- 
mediately gives rise to balanced internal 
stresses in the unloaded or control cyl- 
inder such that the total tension induced 
in the outer ring section is equal to 
total compression induced in the central 
axial core. Figure 2 shows the distribu- 
tion of these induced stresses. 

The longitudinal tensile strains in- 
duced in the outer ring are decreased by 
the ‘“Poisson’s ratio” effect of the 
lateral or circumferential stresses in- 
duced in this same outer ring. This 
tendency to decrease the surface gage 
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line readings is largely counteracted by 
the annular shearing strains set up be- 
tween the inner compression core and 
the outer tension ring as one opposes the 
other. It is reasonably accurate to as- 
sume that both these deformation effects 
are not only small but counteractive. 
This leads directly to the conclusion that 
in the unloaded specimen the shrinkage 
strain recorded by surface gage line read- 
ings is closely equal to the induced short- 
ening of the compression core of the 
cylinder. 

In Fig. 2 we assume a case which is 
quite typical for a long period after load- 
ing and removal from moist storage 
where shrinkage at center of cross-section 
is approximately zero and where the 
shrinkage increase varies according to a 
parabolic law radially. For the cylinder 
which is loaded while drying out we see 
how the increase in deformation as 
measured by surface gage lines will be 
one-half of the unrestrained surface 
shrinkage or of the surface shrinkage 
tendency. For the unloaded cylinder, 
this is only one-quarter of the unre- 
stricted surface shrinkage. This rela- 
tion is verified approximately by the 
data presented in the upper part of 
Fig. 2, which shows how the restraint of 
a nonshrinking inner cylinder core re- 
duces the average shortening as meas- 
ured by surface gage lines to only about 
one-quarter of that for a hollow cylinder 
of identical concrete where the restraint 
of the nonshrinking inner core is ab- 
sent. 


Evipence Tuat “FLow” Is An Evastic 
FUNCTION OF SHRINKAGE 

The approximate 2:1 ratio between 
the surface shrinkage of loaded and un- 
loaded identical cylinders as developed 
in the lower half of Fig. 2 is very im- 
portant and is verified in general by all 
the experimental data on this subject, 
regardless of whether large or small time 
yields are concerned and holds for speci- 


mens loaded while curing continues and 
swelling takes the place of shrinkage, 
The following elementary series of deduc- 
tions leads to the logical conclusion that 
under working load conditions in con- 
crete any large or important distortion 
attributable solely to load is ques- 
tionable: 

1. If in one series of tests the measured 
shrinkage is one-half or one-quarter or 
one-eighth of that of another series of 
tests, then the so-called “plastic flow” 
is in the same ratio. 

2. This same statement may be re- 
peated with reference to “swelling” 
under water and is just as correct in this 
case as for shrinkage in dry air. 

3. Some place between a test series 
with small shrinkage and one with small 
swelling we pass through a series which 
might have zero volume change (zero 
shrinkage or swelling) when unloaded. 
The companion loaded specimens in this 
case would still have about the same 
amount of “plastic flow” which would in 
this case be zero. 

4, Therefore, if we can prevent shrink- 
age we can prevent “plastic flow.” 

5. If “plastic flow” were only a func- 
tion of load it could not be prevented. 

6. Therefore, one final conclusion must 
be that what has been called “plastic 
flow” all these years is merely a phe- 
nomenon of “elastic” deformation re- 
sulting from nonuniform shrinkage or 
“warping.” 


EXPERIMENTAL EVIDENCE OF WARPING 
OR NONUNIFORM SHRINKAGE 


The evidence that the interior core of 
a cylinder shrinks very little and that it 
is thrown into compression by the high 
shrinkage and induced tension of the 
outer shell elements is very clear from 4 
test like that indicated in Fig. 2. In 
Fig. 3 and 4 additional proof is given of 
the nonuniformity of shrinkage through- 
out a mass of concrete. Figure 3 give 
the “warping” distortions of 6 and 12-m. 
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concrete cylinders split into four equal split cylinders lose the same —_— 
quarter cylinders by heavy rubber of moisture since both have the same — 
gasket separators, in comparison with exposed surface. The rubber gasket 
those of corresponding solid specimens. prevents moisture loss through the radial 
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Fic. 3.—A Comparison of Surface Unit Shortening Due to Shrinkage in Unloaded Split and Solid 
Cylinders, Which Clearly Establishes the Universal Tendency to Warp, Caused by 
the Tendency of Shrinkage to Increase with Proximity to the Surface. 


The experimental data illustrates clearly the meaning of “symmetrical” warping. In both “I” and “II” the surface 
iortening of solid cylinders average that of the split ones. Restraint of surface by core is evident. 


The split segments on drying out im- crack between the segments. In the 
mediately start to warp in a manner solid cylinders, the restraint of this 
such that the outer surface of the seg- warping is one method of explaining the 
ment is concave outward in a longitu- existence of tension in the outer shell and 
dinal direction, due entirely to the more compression on the inner core of the un- 
rapid surface shrinkage. Both solid and _ loaded or companion specimens. 
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Figure 4 illustrates another interesting 
proof of the universal warping tendency 
of concrete. There three specimens, 
identical except for obstructions to rapid 
moisture loss, are compared. The half- 
covered specimen loses a water percent- 
age close to half way between the loss of 
the uncovered and the completely cov- 
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This means that if the half-covered 
specimens were straightened out to 
eliminate warping, a compression would 
exist on the covered side and a tension 
on the uncovered side. This same 
condition is brought about in the rela- 
tion of center compression to surface 
tension by the restraint of this warping 


- Strain Readings on Uncovered | 
Uncovered Side-One, — tl Cover D 
0.0002 Half Covered (Gage. 4 CID Soe 
Line B) for Covers = 4 § 
20 30 40 4 
5 


Nore 1,—(a) Note how much greater the shortening measured on gage line B is than that on the covered side where 


moisture loss is greatly retarded. 
(b) It is seen that the average of shortenings B and C is 
cylinders. 


about the average of A and D on the covered and uncovered 


(c) Note that dry side of one-half covered cylinder shortens much the same as the uncovered cylinder and that the 


covered side shortens much the same as the average shorte 


ning of the all-covered cylinder. 


r= Free to Dry Out 
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0.0004 D Surfaces 
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5 0.0002 9296 | AANA Split in Quarters 
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2 10 30 40 one quarter segments. 
2 of cylinders 3-in. radius 

Time , days and 24-in. long 


Nore 2.—Again a comparison of shortenings measured on gage lines B and C indicate the tremendous warping tendency 
developed when the tendency to shrink and lose moisture is unsymmetrical. 


Fic. 4.—Showing Cylinder Warping Due to Symmetrical Shrinkage. 


ered specimens. ‘The two following re- 
sults are important: 

1. The uncovered specimen has the 

same average shortening as is measured 
on the dry side of the half-covered 
specimen. 
2. The half-covered specimen has 
about the same shortening on the covered 
side as the average measured on the 
completely covered specimen. 


4 


because of symmetrical drying out in the 
uncovered cylinders. 


EXPERIMENTAL EVIDENCE OF THE 
Exvastic NATURE OF 
TimE YIELD 


Figure 5 shows a comparison between 
pairs of hollow and solid cylinders. 
Each pair consists of a specimen which 
is alternately loaded and unloaded and 
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another control specimen which remains yield in loaded as compared with the 

unloaded. Both specimens dry out unloaded cylinder is observed. 

under identical conditions. The follow- 3. In the loaded specimen of the solid 

ing conclusions are based on this series: group a recovery is observed after load 
1. When load is removed from the removal which is just as much an elastic 

laded specimen it fails to return to the change as the doubled time yield of this 

initial reading because of the natural in- specimen. This has been called “plastic 
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Fic. 5.—Comparison of Deformations in Solid and Hollow Concrete Cylinders. 


‘ease in the elastic modulus with time. recovery,” but the common usage of the 
This initial set is not due to sustained term “plastic flow” assumes that it is 
“ad but only to the increased modulus. _ the “permanent” change of shape due to 
4. In the hollow group the time yield load which cannot be recovered when the 
nds to be the same for both loaded and load is released. All “recovery” must be 
loaded specimens because of absence “elastic” from its very nature. 
'Teéstraining center core. In the solid Concrete columns or plain concrete 
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steel when tested for time yield lead us 
to similar conclusions regarding the non- 
importance of “plastic flow” under 
working load conditions. Specimens 
Nos. 24 and 26 of Fig. 6 are reinforced 
with about 5 per cent of longitudinal 
steel and specimen No. 22 is unrein- 
forced but of identical concrete. Speci- 
men No. 24 remained unloaded and No. 
26 was loaded and unloaded twice with 
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the surface measured shortening, in No, 
24 we have the additional restraint dye 
to reinforcing steel which does not shrink 
at all. 

2. The increase in compressive steel 
stress with time is proportional to the 
shrinkage of the plain concrete specimen 
and is not due to plastic flow. 

3. On release of load the stress in the 
steel of specimen No. 26 finally has an 
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the load held for 18 days with the first 
loading. All readings on these speci- 
mens were taken on reinforcing. Cer- 
tain results here are typical and have 
been found in many other tests at North- 
western University. They are listed in 
the following: 

1. The shrinkage of reinforced speci- 
men No. 24 is less than that of unrein- 
forced specimen No. 22 because, al- 
though in both the inner core restrains 


elastic recovery to the steel stress of No. 
24 which has never been loaded. This 
is further evidence of “elastic” recovery 
and of the nonimportance of “plastic 
flow” under working loads. 


Questions RaIseD BY TIME YIELD 
Aces BEYOND ONE YEAR 
According to Gause and Tucker’ 2 


as indicated in Figs. 6, 7, 8, nd 


their paper, the relative humidity ju 
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beneath the surface of concrete speci- 
mens of 12-in. minimum dimension 
reaches its lowest point—surrounding air 
humidity—in something less than a 
year. At some age less than a year the 
maximum difference in humidity be- 
tween interior and surface of the mass of 
concrete occurs. Since relative humid- 
ity of concrete is a measure of its water 
loss and tendency toward shrinkage, this 
elastic differential of increase in loaded 
wer unloaded specimens should reach a 
maximum in something less than a year’s 
time. Then as the shrinkage of the in- 
terior of the mass increases, this differen- 
tial might be expected to decrease. This 
tendency is borne out by the reduced 
warping of the 6-in. split cylinder of 
Fig. 3 which starts quite early. The 
lag for the 12-in. specimen is much more. 
The two questions raised in connection 
with differential elastic changes at 
greater ages are: 

1. Does the shrinkage tendency of 
soncrete at the interior of the mass, 

hich dries out very slowly, ever ap- 
roach closely the shrinkage tendency of 
the surface elements which dry out rap- 
ily? There is circumstantial evidence 
that it does not. If it did, specimens at 
ges of 500 days or more should show a 
tendency of “flow” to decrease. 

2. What is the effect of the much 
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greater curing period of the inner core on 
its modulus of elasticity and how does 
this affect time yield? Undoubtedly the 
greater stiffness of the inner core has an 
effect similar to its reduced shrinkage, 
and both of these effects tend to keep 
the stress intensities much higher on the 
inner core than on the outer shell of 
cylinders under sustained load. 

Much more experimental evidence is 
needed on the questions raised in this 
paper, and particularly on changes oc- 
curring at greater ages. 


CONCLUSION 


All the evidence available seems to 
point to the dominance which shrinkage 
exerts over all time yields occurring 
under working load conditions. That 
some small amount of flow might exist 
under working loads is.not denied, but 
it is quite evident that all the important 
time yields under load which have in the 
past been attributed by all investigators 
to “plastic flow” are merely elastic re- 
distributions of stress and strain due to 
nonuniform shrinkage or “warping.” 
It is thought that if much of our tre- 
mendous mass of experimental data in 
this field were re-evaluated on the basis 
of our new knowledge of nonuniform 
shrinkage, further support of these con- 
clusions would be made available. 
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DISCUSSION 


Mr. P. C. RutLepce! (presented in 
written form).—Mr. Maney’s paper is, 
[ believe, an outstanding contribution 
to our understanding of the behavior 
of concrete under working loads for two 
reasons: (1) he has shown, by a series 
of careful observations, that time de- 
formations of concrete under sustained 
working loads, which have been widely 
interpreted as plastic flow for the past 
twenty years, may, in fact, be caused 
entirely by a redistribution of stress 
resulting from shrinkage; (2) whether 
or not the evidence proves that time 
deformations are due exclusively to 
shrinkage, it does open a new field for 
speculation and research on concrete. 

At the end of his paper Mr. Maney 
has listed some of the open questions 
which have not been answered by his 
results. I should like to point out other 
possible interpretations of the test evi- 
dence. 

In the direct evidence presented in 
this paper none of the tests exceeded 
eight weeks in duration. In this period 
the shrinkage curves show a tendency 
to become horizontal and to leave a 
residual differential shrinkage between 
the exterior and interior of solid speci- 
mens. This evidence, and results of 
loss of weight tests over longer periods, 
do not prove that the centers of solid 
bodies of concrete will not eventually 
shrink an amount equal to the exterior 
shrinkage, with a resulting dissipation 
f the differential shrinkage stresses. 
The permanence of differential shrink- 


‘Associate Professor of Civil Engineering, Purdue 
University, Lafayette, Ind. 


age and, in consequence, the validity 
of the hypothesis that time deforma- 
tions are caused largely by differential 
shrinkage, depend entirely on continued 
differential hydration of the cement in| 
the interior of the concrete. In other 
words, some of the water in the interior 
will be lost progressively by chemical 
combination rather than by evapora- 
tion. Circumstantial evidence from 


these tests, from tests of longer duration, 
and from studies of long-time hydration 
of cement indicate that Mr. Maney’s 
conclusions in regard to the permanence 
of differential shrinkage are correct. 
I wish to point out that there is no 
direct evidence to prove this point. 


Mr. Maney has assumed that the 
effect of Poisson’s ratio on lateral and. 
longitudinal deformations, annular shear 
deformations, and lateral shrinkage will 
counteract each other and, hence, are 
negligible in their final effect. If longi- 
tudinal differential shrinkage occurs, 
and Mr. Maney has shown this to be a 
fact for the period of his tests, differen- 
tial shrinkage in lateral directions must 
also exist. Therefore, circumferential 
tensions and radial compressive forces 
of approximately the same magnitude 
as the longitudinal shrinkage forces will 
be developed in cylindrical specimens. 
Tests by Richart, Brandtzaeg, and 
Brown? show that the modulus of 
elasticity of concrete subjected to lateral 
compression in a triaxial compression 
test decreases to about one half of the 


2 F. E. Richart, A. Brandtzaeg, and R. L. Brown, “A 
Study of the Failure of Concrete Under Combined Compres- 
sive Stresses,’’ Bulletin No. 145, Engineering Experiment 
Station, University of Illinois, November, 1928. 
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‘modulus resulting from a simple com- 
pression test. Furthermore, the de- 
crease in elastic modulus is substantially 
independent of the magnitude of the 
lateral compressive stress. Thus, it 
appears possible that the difference 
in changes in length between loaded 
and unloaded specimens can be ex- 
plained partially by a decrease in the 
elastic modulus resulting from radial 
compressive stresses set up by lateral 
shrinkage. If the magnitude of the 
longitudinal shrinkage compressive 
stresses should be approximately equal 
to the compressive stresses due to 
applied loads, and if the change in elastic 
modulus should occur gradually as the 
shrinkage stresses increase, the effect 
of lateral shrinkage on the elastic modu- 
lus presents another complete explana- 
tion for the difference in shortening of 
unloaded and loaded specimens in long- 
time tests. 

Neither the shrinkage phenomena dis- 
cussed by Mr. Maney nor the effect of 
possible changes in elastic modulus is 
directly related to plastic flow, although 
the action under the latter explanation 
is more similar to a plastic action. It 


is interesting to note that the tests of 


Richart, Brandtzaeg, and Brown on 
concrete both in triaxial compression 
and in spirally reinforced columns, and 
tests which we have carried out at Pur- 
due on dense sand and gravel mixtures 
in triaxial compression, show that, as 
the lateral confining forces acting on 
these materials increase, they become 
much less brittle and behave more like 
plastic materials. Failure under these 
conditions occurs only after relatively 
large deformations. Many of the speci- 
mens show the characteristic lateral 
bulging failure typical of plastic mate- 
rials. ‘These observations are a natural 
consequence of the decrease in initial 
modulus of elasticity for laterally con- 
fined concrete. 

The object of this discussion is to 


support Mr. Maney’s contention that 
a large amount of experimental and 
investigational work still can be done on 
the physical properties of concrete. The 
conditions of shrinkage of concrete 
specimens and the initial tensile and 
compressive stresses at the time they 
are tested will have a decided effect on 
the test results. The effects of these 
conditions should be considered care- 
fully in the simple compression tests 
and beam tests which are widely used 
today. It is easily possible that the 
results of tests on concrete cylinders 
which have never been allowed to dry, 
or tests on cylinders which, arbitrarily, 
have been allowed to dry in laboratory 
air 24 or 48 hr. before test, will be quite 
different from the actual behavior of 
the concrete as it is used in the field. 
By perspicacious observation on a few 
relatively simple tests, Mr. Maney has 
demonstrated convincingly how little 
we know about the material which has 
been studied for many years. 

Mr. GERALD Pickerr® (presented in 
written form).—The paper by Mr. Maney 
shows that he has given a very difficult 
problem considerable thought. — An 
analysis of stress and strain in finite 
bodies undergoing nonuniform volume 
change is a problem that has puzzled 
the best of mathematicians and elas- 
ticians. However, by using the energy 
methods developed by Timoshenko and 
Ritz,‘ certain of these theoretical prob- 
lems can be solved to any desired degree 
of accuracy. 

For example, the writer has made an 
analysis, neglecting the effect of Pois- 
son’s ratio, for the stresses, strains and 
displacements of an elastic prism drying 
from two opposite sides. 


3 Research Physicist, Portland Cement Assn., Chicago, 


4S. Timoshenko, “Theory of Elasticity,” Article 43, P- 
151 and Article 65, p. 203, McGraw-Hill Book Co., Inc, 
New York, N. Y. 

Walter Ritz, ‘‘Gesamelte Werke,” pp. 192-264, pub 
lished for Société Suisse de Physique, by Gauth! 
Villars, Paris (1911). 
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rat Some results for two ratios of length _ sis of the unloaded cylinder is incorrect. 
nd to thickness are given in the accom- He has taken the average elastic strain 
on panying Fig. 1. in the core, }¢.,, to be the unit shorten- 
‘he The results show that if the length-to- ing of the core and has omitted the 
ete thickness ratio is at least ten, then planes average shrinkage-strain of the core 
nd a short distance away from the end _ which is also 1¢,. The total strain in 
ley regions remain essentially plane. How- the core is therefore }¢,,. The value of 
on ever, some warping occurs in the end  }¢s, may also be found by cpnsidering a 
ese regions, and the dimensions of most fiber at the junction of the core and 
Te- concrete specimens are such that a large _ shell. Such a fiber does not have elastic 
sts part of the specimen is in the region of _ strain but has shrinkage strain equal to 
sed end effect and, therefore, careful meas- 4¢,,. Consideration of a fiber at the 
the urements of over-all change of length center which does not have shrinkage 
ers Length = Thickness 
ry, a qa 
ly, | 0.2865 max. 0.07605 max. 
of = a t Smax. 
eld. e 
: 
has 
ttle 
has 
Length = ten times Thickness : 
0.297 5 max. 3/15 max 

Cu ma 
An — 
nite Section a units from either end. 
ime 
o Fic. 1.—Calculated Displacements (e) Compared with Displacements (s) if Free to Shrink. 
las- 
TBY taken upon the surface and upon the _ strain but has an elastic strain of 4¢,, or 
and longitudinal axis should not agree. of a fiber at the surface which has a 
rob- The writer is unable to agree with the — shrinkage strain of €,, and has an elastic ; 
gree author that that which has been called elongation of 4¢,,, giving a net unit 

plastic flow is in reality an elastic change shortening of 4¢,), all leads to the same 
by due to nonuniform shrinkage. The conclusion. This tedious analysis could 
- analysis shown in the author’s Fig. 2 be avoided by applying the principle of 
and isan important factor in his argument. superposition. For elastic materials this 
ying Assuming concrete to be elastic, he has principle requires that shrinkage effects 

shown that when a cylinder is under and load effects be entirely independent, 
icago, load the average shortening caused by which means that shrinkage and load 
we shrinkage is >€sh- This is illustrated by could not interact to cause additional | 
Ine. the distance between lines marked age deformation. ‘Therefore, the effect of 


A and age B. shrinkage upon creep cannot be ex- 
This analysis is correct, but his analy- _ plained as elastic deformation. 
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The data on solid and hollow cylinders 
presented by Mr. Maney are irrelevant, 
because it is not logical to assume that 
a hollow cylindrical shell and the cor- 
responding shell of a solid cylinder, if 
unrestrained, would shrink the same 
amount in 20 days because the latter 
shell would, be supplied with moisture 
from the interior. 

The writer agrees with the author that 
shrinkage and not seepage is the major 
cause of time yield under load, and the 
above statements are not intended to 
detract from this important contribu- 
tion of the author. 

_ The writer, in unpublished work, has 
shown that the hypothesis that the 
stress-creep coefficient increases rapidly 
as the ultimate strength is approached 
is sufficient to account for the effect of 
shrinkage upon time yield. 

Mr. C. A. MENZEL.’—My experience 
differs a bit from that cited by Mr. 
Maney. I understand from what he 
said that if concrete is put under sus- 
tained load for some time, water is not 
squeezed out of it. About two years 
ago I had occasion to make a long-time 
pull-out bond test involving two speci- 
mens. One specimen was moist cured 
for seven days and then immediately 
coated with a thick layer of paraffin in 
order to reduce moisture loss. In this 
condition the bar was subjected to pull 
at one end for a period of something 
like ninety days. Several days after 
the load was applied, little bubbles 
developed under the paraffin at the 
loaded end of the specimen, and as time 
went on, more bubbles appeared farther 
up, but there were no bubbles near the 
top of the specimen where there was no 
stress in the concrete. To prove that 

there was moisture in these bubbles, 
we pricked them, and concluded that the 


5 Associate Engineer, Research Laboratory, Portland 
Cement Assn., Chicago, 


moisture observed must have beep 
squeezed out of the concrete approxi- 
mately in proportion to the compressive 
stress developed. 

The second companion specimen was 
cured continuously in the moist room 
for about ninety days and then tested 
along with the first specimen. It de- 
veloped a lower ultimate load than the 
one that had been continually exposed 
to high load from the age of seven days. 
It seems that creep or flow under the 
continued loading had a favorable effect. 

Though my experience in long-time 
tests has been very meager, it seems 
strange to me, in view of Mr. Maney’s 
experience, that the only continuously 
loaded specimen I ever had under ob- 
servation definitely showed that mois- 
ture was squeezed out of it. 

Mr. R. E. Davis.*—Just because a 
compression specimen loses no weight, I 
do not believe that it should be con- 
cluded that water may not have been 
squeezed from the gel structure. Con- 
crete contains many tiny voids not oc- 
cupied by gel. Unless the concrete is 
kept completely saturated, which could 
only be the case with a very small speci- 
men, these void spaces which were 
originally filled with water become par- 
tially evacuated as hydration proceeds 
and as a portion of the free water in these 
voids is adsorbed by the gel. That 
such action takes place has been demon- 
strated experimentally, where negative 
pore pressures as large as — 12 psi. have 
been observed in unrestrained sealed 
concrete specimens maintained at con- 
stant temperature. If to such specimens 
continuous load is applied, a portion of 
the water of adsorption may be slowly 
forced from the gel again to become free 
water in the pores and the negative 
pore pressure may be partially relieved. 


6 Professor of Civil Engineering, and Director, Engi- 
neering Materials Laboratory, University of California, 
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Under these conditions plastic flow takes 
place without change ‘in weight. 

Specimens sealed in copper jackets and 
not loaded until they were of consider- 
ible age have been observed gradually 
to change in length after such loading, 
increasing for a long period of time in 
lngth if in tension, and decreasing in 
length if in compression. 

In the interior of dams, where there 
could have been no change in moisture 
content over the period of observation, 
it has been noted that there are long 
and steady changes in length as deter- 
mined by strain gage and strain meter 
measurements. 

Not so long ago, I was called to exam- 
ine a cold-storage warehouse in Cali- 
fomia—flat slab construction columns 
about 20 ft. on centers—built over 
twenty years ago. Here the floors 


have been subjected to more or less 
stant conditions as regards tempera- 
ture, humidity, and load for many years. 


nder these conditions the slabs and 
exterior columns have been gradually 
electing, until now, in the middle of 
he panels, as measured on the diagonal, 
there are places where the deflection is 
ismuch as 3 in., and in some places the 
election of the reverse curve in the 
terior columns is as much as an inch. 
| should like to have Mr. Maney ac- 
int for these changes which I have 
ist described on the basis of elastic 
leformations. 
Mr. G. A. MANEy’ (author’s closure, 
letter) —The principal contention of 
€ writer’s synopsis seems to have 
cathered the storm of criticism which 
y paper like this one, that attempts to 
resent evidence upsetting the conclu- 
ms of a thirty-year accumulation of 
perimental investigation, will in- 
itably arouse. This contention will 


Chairman, Department of Civil Engineering, North- 


= Technological Institute, Northwestern Univer- 
» Evanston, 
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be restated briefly by quoting the third 
sentence of the synopsis: 

“The law of nonuniform shrinkage 
accounts for most of the excess time yield 
at ages under one year in loaded over 
unloaded cylinders which“has for so 
many years been called ‘creep’ or 
‘plastic flow’.” 

As Mr. Rutledge has pointed out in 
his excellent and helpful discussion, 
this investigation is not a long-time in- 
vestigation, but he agrees that a differen- 
tial of shrinkage would tend to be main- 
tained indefinitely because of the much 
greater insulation against water loss 
and the longer curing of the inner core 
as compared with the outer shell of the 
cylinders. However, thousands of tests 
recorded in many leading laboratories 
have proved that practically all of what 
has been called “flow” or “creep” has 
occurred before the shrinkage curve 
first approaches an asymtotic state 
with reference to the time axis. The 
evidence of these tests definitely covers 
this period. 

Mr. Rutledge, in addition to pointing 
out the need for further investigation, 
has also pointed out an_ interesting 
parallelism between these tests and 
those of Richart, Brantzaeg and Brown 
on triaxially loaded concrete, pointing 
out that the reduction in elastic modulus 
of triaxially over uniaxially loaded con- 
crete should show up in drying out cylin- 
ders under progressive differential 
shrinkage. Unpublished data from our 
laboratory and much published data 
proves that this is so and that the elastic 
modulus becomes progressively less than 
that of moist control specimens as this 
differential shrinkage increases. 

The writer appreciates the acknowl- 
edgement in the excellent discussion 
of his severest critic, Mr. Pickett, that 
“shrinkage and not seepage is the major 
cause of time yield under load.” This 
is, as has been mentioned, the principal 
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message of the evidence of the paper 
under discussion. Mr. Menzel, how- 
ever, does not seem to agree to this con- 
clusion. The phenomenon which Mr. 
Menzel observes is known to the author, 
but in his opinion does not in any way 
contradict the conclusions of Fig. 1 of 
the paper discussed. If Mr. Menzel 
should ever get an opportunity to weigh 
these “bubbles” of water which seem to 
be squeezed out of a loaded covered 
specimen he would doubtless be shocked 
at the insignificant value of ratio of the 
weight of these water bubbles to the 
total weight of moisture drying out of 
both loaded and unloaded specimens. 

Mr. Pickett makes two basic state- 
ments in his well-considered discussion 
upon which most of his criticism is 
founded, which the writer considers 
erroneous. ‘The first refers to the lower 
part of Fig. 2 and is as follows, in part: 

“This tedious analysis could be 
avoided by applying the principle of 
superposition. For elastic materials this 
principle requires that shrinkage effects 
and load effects be entirely independent, 
which means that shrinkage and load 
could not interact to cause additional 
deformation.” 

The author denies the validity of the 
principle of superposition in this case, 
even though admitting his analysis to 
be approximate but not necessarily 
tedious. The commonest structural ap- 
plication of the principal of superposi- 
tion is in the construction of influence 
lines for long span bridges. The simple 
reason that the principle is here denied 
is that reason which makes influence 
lines correct for truss bridges or arches 
but incorrect for suspension bridges. 
Briefly, the law of superposition neglects 
the effect of changes in shape of structure 
under conditions of actual loading. 
This change of shape cannot be neglected 
in the case of a cylinder which shrinks 
triaxially in addition to developing cer- 
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tain cracking tendencies in the exterior 
shell. Furthermore, the modulus of 
elasticity develops a variation through- 
out the cross-section, being higher in 
the center core. The author can ep. 
vision no structure less suitable to rigid 
mathematical analysis or to the law of 
superposition than the concrete cylinder 
in question. 

The other statement by Mr. Pickett 
that demands consideration refers to 
the upper part of Fig. 5 and the upper 
part of Fig. 2 and reads as follows: 

“The data on solid and hollow cylin- 
ders presented by Mr. Maney are irrele- 
vant, because it is not logical to assume 
that a hollow cylindrical shell and the 
corresponding shell of a solid cylinder, 
if unrestrained, would shrink the same 
amount in 20 days because the latter 
shell would be supplied with moisture 
from the interior.” 

The author had some doubts along 
this line himself until he saw the paper 


by Gause and Tucker® which shows how 
tremendously more rapid is the drying 
out (and shrinkage) of elements close 
to the surface compared with that of 


core elements. He had every reason 
to conclude that the outside surface of 
the solid cylinder dried out at much the 
same rate as that of the hollow cylinder. 
It would be only a slight overstatement 
of Mr. Pickett’s contention to say that 
shrinkage effects must be almost uniform 
throughout a solid cylinder. Figures 3 
and 4 present ample evidence that this 
is anything but a correct statement 
The hollow-solid cylinder comparison 
of the upper part of Fig. 5 also preseals 
evidence to disprove the contention of 
Mr. Pickett that the shrinkage effet 
is not elastic. In connection with Fi 
5 which presents the most importa! 


crete,” Journal of Research, Nat. Bureau of Suni 
Vol. 25, No. 4, October, 1940, p. 403 (Research Paper + 


unloa 
increa 
solid 
to as 
litera! 

unifor 
and s 
age d 
sonab 
shrink 
“flow 
be al 
yield, 
intens 
tion, | 
of un 
“flow’ 


|| 
whic 
previ 
| wishe 
two 
futur 
Con 
; the ti 
at ab 
solid 
same 
loade 
From 
shrin! 
sectio 
holloy 
7 is the 
specir 
specit 
twice 
7 
} 4 


erior 
of 
ugh- 
in 
en- 
rigid 
w of 
inder 


ckett 
to 
Ipper 
cylin- 
rrele- 
sume 
d the 
inder, 
same 


latter | 
isture | 


along 
paper 
how 
drying 
close 
hat of 
reason 
‘ace of 
ch the 
linder. 
tement 
y that 
niform 
yures 3 
at this 
ement. 
parison 
resents 
tion of 
» effect 


DISCUSSION ON CONCRETE UNDER SUSTAINED WORKING LOADS 


supporting data, and the lower part of 
which is a rearrangement of data from 
previously published results, the author 
wishes to draw two conclusions and raise 
two questions for discussion at some 
future opportunity. 

Conclusion 1.—In the solid specimen 
the time increase with loading proceeds 
at about fwice the rate of the companion 
unloaded specimen, whereas the 
ame rate of increase applies to both 
laaded and unloaded hollow specimens. 
From this we must conclude that when 
shrinkage is uniform throughout the 
ection as is practically the case in the 
hollow specimens, the total time yield 
is the same on both loaded and unloaded 
secimens. Also where shrinkage is 
nonuniform as in the case of the solid 
specimens the total time yield is about 
twice as much on the loaded as on the 
unloaded specimen. ‘This increment of 
increase of the loaded over the unloaded 
slid specimen has been what is referred 
toas “creep” or “flow” in most of our 
iterature on the subject. 

Question I.—If the specimens with 
uniform shrinkage have no “time yield” 
and specimens with nonuniform shrink- 
age do have “time yield,” is it not rea- 
sable to conclude that nonuniform 
shrinkage is the cause of so-called 
low,” which has long been found to 
ve about the same as the shrinkage 
yield, regardless of age or of unit stress 
iitensity? As a corollary to this ques- 
lon, how can a time yield independent 
1 unit load intensity be called either 
low” or “creep”? 
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Conclusion 2.—The upper part of 
Fig. 5 indicates that most of what little 
time yield could be discovered was due 
to initial set and increase of elastic 
modulus with time. In the lower part 
of the figure the loaded specimen has an 
elastic recovery which fails to return to 
shrinkage shortening of the unloaded 
specimen only by this same yield due to 
initial set and increased modulus. In 
neither of these cases is the permanent 
change of shape or “flow” found to be 
a function of sustained load. 

Question 2.—How then can the time 
yield be anything except an elastic 
phenomenon? Also, how can a re- 
covery be plastic, by very definition of 
the term plastic flow, which means 
permanent change of shape? 

The questions raised by Mr. Davis are 
interesting but are beyond the scope 
of this paper, since they are concerned 
with long-time phenomena. 

This paper stresses for the first time 
the importance of nonuniform shrinkage 
and proposes to establish the fact that 
what has been called “flow” or “creep” 
for solid loaded specimens during their 
first drying out period under working 
stresses, is practically all due to non- 
uniform shrinkage. This leads to the 
important conclusion that under working 
loads “shrinkage dominates time yield.” 
In conclusion, there is no attempt to 
deny the existence of flow, particularly 
where unit stresses are high. The 
author definitely feels however that 
under working stress conditions flow is 
unimportant compared with shrinkage. 
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THE EFFECT OF CAPPING METHODS AND END CONDITIONS BEFORE 


CAPPING UPON 


THE 


COMPRESSIVE 
TEST CYLINDERS 


By G. E. TROXELL' 


STRENGTH OF CONCRETE 


SYNOPSIS 
Compression tests have been made on 768 cylinders of carefully controlled 
concrete to determine the effect of various types of capping materials upon the 


observed compressive strength of the cylinders. 
materials used included: (1) Hydrostone, 
(2) Castite, a sulfur-silica mixture; (3) oiled steel shot; (4) dry steel shot; 
(5) plaster of Paris tested at age of } hr.; and (6) plaster of Paris tested at age 


of 1 hr. 


The capping methods and 
a high-strength gypsum product; 


As the end conditions of the concrete cylinders before capping were likely 


to affect the results obtained, 
investigation. 


four definite end conditions were selected for 
These included (1) plane ends normal to the axis of the cyl- 


inder, (2) plane ends not normal to the axis, (3) convex ends, and (4) concave 


ends. 


The quality of concrete is ordinarily 
judged by the compressive strength of 
cylindrical test specimens. However, 
the observed strength of a standard 
moist-cured specimen is affected not only 
by the quality of the concrete but also 
by such factors as method of capping and 
kind of capping material; end conditions 
of the uncapped cylinder; end conditions 
of the capped cylinder; thickness of cap; 
eccentricity of loading; and rate of load 
application. This paper is concerned 
only with the first two factors. 

Concrete cylinders cast in the labora- 
tory will usually have a more or less per- 
fect lower end due to the mold being 
secured to a machined base plate. Fur- 
thermore, the upper end is usually rea- 
sonably smooth and normal to the axis 


1 Associate Professor of Civil Engineering, University of 
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‘Tests were made on cylinders of medium- and high-strength concrete. 


of the specimen. In contrast thereto, 
specimens cast in the field often have 
concave or convex bottom ends, due per- 
haps to their being cast in molds with 
flexible tin bottoms, and their top ends 
are commonly rough, nonplanar and not 
normal to the axis of the cylinder. One 
object of the present investigation was to 
determine the influence, if any, of such 
conditions upon the compressive strength 
of the cylinders, even though they be 
capped to produce plane, parallel ends. 
Various methods and materials have 
been used for capping the irregular ends 
of concrete cylinders. Plaster of Paris 
has been used quite commonly, but as it 
has a low strength (about 1700 psi. at 
1 hr. when tested in the form of 2 by 40. 
cylinders) and tends to flow under load, 
many laboratories have abandoned its 
use. Neat cement or cement = 
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caps are used in various laboratories, but 
even though they possess high strength, 
they have certain undesirable charac- 
teristics. Their slow rate of hardening 
requires that the cylinders be capped 
several days before testing and their high 
shrinkage tends to produce uneven, 
checked caps having poor bond to the 
specimen, especially for large cylinders. 
In addition to cement, two other high- 
strength capping materials have more 
recently come into use. One of these is 
2 gypsum compound known as Hydro- 
sone. It will develop a compressive 
strength of about 5000 psi. within 1 hr. 
when tested in the form of 2 by 4-in. 
cylinders. The other is a sulfur-silica 
mixture, applied in a molten condition, 
which will develop a strength of about 
6000 psi. as soon as it cools and 8500 psi. 
ithin one day. The shot cap method, 
using small steel shot retained in a metal 
capping head, with shot fitting into ir- 
regularities in the ends of the specimens, 
has been employed by a few laboratories. 
some laboratories have ground the ir- 
regular ends to a plane normal surface 
it ordinarily the cost is prohibitive even 
rsmall mortar cylinders. 
Various methods and materials for 
ipping test cylinders were included in 
is investigation to determine their 
diect upon the observed compressive 
strength of identical concrete specimens. 


CONCRETE SPECIMENS 


All concrete specimens were 3 by 6-in. 
ylinders having a maximum aggregate 
‘eof tin. They were cast in two series 
ving nominal compressive strengths of 
") and 8000 psi., respectively. Before 
‘pping, all specimens of each group had 
ne of the four following end conditions: 
') plane ends normal to the axis of the 
inder; (2) plane beveled ends having 
‘Slope to the normal of ;°; in. in the 3-in. 
vameter of the cylinder; (3) convex ends 
ving a bulge of 4; in.; and (4) concave 
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The 
two ends of each concrete cylinder were 


ends having a concavity of 3 in. 


shaped alike. The different end condi- 
tions were obtained by inserting circular 
steel parts having the required variations 
in thickness, in the bottom and the top 
of the machined cast iron molds. 

Twenty-four specimens were made 
from each batch of concrete—six speci- 
mens of each end condition so that for 
each batch of cylinders one of each of the 
six methods of capping selected for test 
could be applied to each of the four types 
of cylinder ends. Sixteen batches were 
made for each of the two grades of con- 
crete, giving a total of 768 cylinders, 
sufficient for 16 independent tests of each 
variable involved. 


TABLE I.--PROPERTIES OF CAPPING MATERIALS. 


Compressive 


Strength, psi. ieee 
Material ticity at 1 
Age | Age | Age | hr., psi.* 

Yhr.| 1 hr. | 6 hr. 
Plaster of Paris .. | 1650 | 1700 | 1700 | 540 000 
Hydrostone 4700 | 5000 | 5200 | 1 580000 
eee 5500 | 5800 | 6700 | 2 150000 


“ Secant modulus at 1000 psi. 


CAPPING MATERIALS AND METHODS 


Both ends of each cylinder were 
capped using one of the following ma- 
terials: plaster of Paris; Hydrostone; Cas- 
tite, a molten mixture of sulfur and finely 
divided silica (similar to Leadite); and 
g-in. steel shot with a suitable retaining 
head. Steel shot in both dry and oiled 
conditions were used. ‘The compressive 
strength and modulus of elasticity of the 
first three capping materials were deter- 
mined from tests of 2 by 4-in. cylinders. 
The test results are shown in Table I. 

The plaster-of-Paris, Hydrostone, and 
Castite caps were jg in. thick at the 
thinnest portion and j in. at the thickest 
portion. The shot caps were about 7% 
in. thicker all around. 

One set of concrete specimens having 


= 
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caps of plaster of Paris was tested as 
soon as the caps had hardened for 3 hr. 
in ordinary air. A second set was tested 
when the caps were 1 hr. old after stand- 
ing for 3 hr. in ordinary air and then 
2 hr. under a damp sack to prevent dry- 
ing of the concrete. The Hydrostone 


caps were treated similarly to the second 
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to ge Chromium Plated 


moist storage for long periods before 
testing. 

The relative costs (considering ma- 
terials and labor) of the various methods 
of capping cylinders may be briefly sum. 
marized as follows: 

1. Hydrostone is the most expensive 
material; also the labor cost is relatively 
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Section A-A 


Fic. 1. 
Adjustable for 2 to 3-in. diameter cylinders. 


Ring Detail — 
“t+ Diam. Specimen 2° 3” 


‘ 


Sulfur Capping Apparatus. 
Similar design used for larger sizes. 


Diometer D 25° 


Small sizes usually constructed 


with three units per gang. 


_ set of plaster-of-Paris caps and were 1 hr. 


old when tested. The Castite caps were 
from one to several days old when tested, 
as after the first day the gain in strength 
issmall. Furthermore, as Castite is un- 
affected by moisture, it can be used to 
cap large numbers of cylinders at one 
time, the cylinders then being placed in 


high due to the time required between 
applications of the top and bottom caps 
and the usual inability to employ this 
time effectively for other duties. The 
over-all cost of Hydrostone caps is high. 

2. Castite is high in initial cost but it 
has a high salvage value because it may 
be remelted and used about four to eight 
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times. For fairly regular ends, this 
method, using the apparatus shown in 
Fig. 1, is speedy and has the lowest over- 
all cost, especially when the Castite is 
melted in a controlled oven to eliminate 
overheating and any need for stirring. 

TABLE I.—EFFECT OF CAPPING MATERIALS AND 


END CONDITIONS BEFORE CAPPING UPON THE 
COMPRESSIVE STRENGTH OF CONCRETE CYL- 


INDERS, PSI. 
Series I, 3000-Ib. | Series II, 8000-Ib. 
Concrete Concrete 
n n 
> 
2] 
| § |saleq| § | § 
Hydrostone 2920) 2900) 2970) 2880) 8610/8100/8360| 7950 
Castite 2820) 2860) 
Oiled shot 2570} 
Dry shot 2570) 2690) 2750)2140| 7560) 7400) 7680/4690 
Plaster of Paris at 
hr. 2790) 2510) 2620}2530) 7360) 5840)}4680) 2960 
“4 of Paris at 
2830|2470|2570|2560}7470| 5670|4640|2930 
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3. Shot caps cost practically nothing 
for materials, but the cost of cleaning the 
shot, especially when oiled, partly offsets 

this feature. 


TABLE III.—RELATIVE COMPRESSIVE STRENGTHS 
OF CONCRETE CYLINDERS FOR VARIOUS q 
CAPPING MATERIALS AND END CONDITIONS 


BEFORE CAPPING 
(Cylinders with plane normal ends and Hydrostone caps 


taken as 100) 


Series I, 3000-lb. | Series II, 8000-lb. 
Concrete Concrete 
Hydrostone 98.6|100.0} 94.1197.1/93.1 
Castite 96.6\97.9| 
Oiled shot. . 88.0/90.4| 92.8) 75.0) 89.0) 90.0}90.1155.7 
Dry shot 88.0)92.1| 94.2) 73.3) 87.8) 86.0/89.2/54.5 
Plaster of 
Paris at 4 
95.5|86.0) 98.7] 86.6) 85.5] 67.8)54.4/34.4 
Plaster of 
Paris at 1 
_ 96.9}84 6) 88.0] 87.7| 86.8} 65.9/53.9/34.0 
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Fic. 2.—Effect of Capping Materials and End 
Conditions Before Capping upon the Compres- 


sive of Concrete Cylinders—Series I, 
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4. Plaster of paris is inexpensive, but 
the cost of applying is the same as for 
Hydrostone and greater than for Castite 
caps. 


CoMPRESSION TESTS AND RESULTS 

All cylinders were stored in moist air, 
except for } hr. after capping, and then 
were tested in compression at the sched- 
uled age of the specimen and its caps. A 
uniform machine idling speed of 0.06 in. 
per min. was employed for testing all 
specimens. 

The results of the tests are presented 
in Tables II and III, and in Figs. 2 and 3. 
From a study of these results the follow- 
TABLE IV.-MAXIMUM DIFFERENCE BETWEEN 

THE COMPRESSIVE STRENGTH OF SPECIMENS 
WITH IRREGULAR ENDS AND THAT OF CORRE- 
SPONDING SPECIMENS WITH PLANE NORMAL 
ENDS, PER 


Series I, 3000-Ib.!Series II, 8000-Ib. 
Concrete } 
| 


‘Type of Cap | Concrete 
| Over | Under | Over Under 
Hydrostone.......... | +1.7 —1.4 | 0 —7.7 
Oiled shot ; j +5.4 | —14.8 | +1.2 | —37.4 
Dry shot 2 +7.0 | —16.7 | +1.6 | —38.0 
Plaster of Paris at % | | 
r. | |-10.0| | —59.7 
Plaster of Paris at1 | 
0 ~12:7| —60.8 


* Based upon average Strengths of the 16 specimens in 
each group having identical caps and end conditions. 


ing facts concerning each of the capping 
methods appear significant: 

Hydrostone caps developed high and 
uniform strengths for both series of speci- 
mens. For series I, 3000-lb. concrete, 
the strengths were higher than for any 
other material, and for series II, 8000-lb. 
concrete, the strengths were a_ close 
second to the highest values. The vari- 
ous end conditions appeared to have less 
effect upon the strengths of cylinders 
capped with Hydrostone than for any of 
the other materials used. As shown in 
Table IV, the maximum difference be- 
tween the compressive strength of speci- 
mens with irregular ends and the 


TROXELL ON Errect OF CAPPING AND END CONDITION 7 | 


strengths of corresponding specimens 
with plane normal ends was only 1.7 per 
cent in series I and 7.7 per cent in 
series II. 

Castite caps developed high strengths 
for both series of specimens, especially 
those of series II, and for all end condi- 
tions. However, the variations jn 
strength due to the various end condi- 
tions were greater than for the Hydro- 
stone caps but less than for shot o1 
plaster-of-Paris caps. As shown in Table 
IV, the maximum difference between the 
compressive strength of specimens with 
irregular ends and the strength of corre- 
sponding specimens with plane normal 
ends was 4.2 per cent in series I and 12.3 
per cent in series II. It is of interest 
that the specimens having Castite caps 
in series I were the only ones of either 
series which showed a higher strength 
for concave ends than for plane ends. 

Shot caps, in general, developed 
strengths which were intermediate to the 
high strengths resulting from the use of 
Hydrostone or Castite caps and the iow 
strengths resulting from the use of caps 
of plaster of Paris, although in series I 
the cylinders with plane and concave 
ends capped with shot definitely gave the 
lowest strengths for these end conditions, 
considering all capping materials. As 
shown by Table IV, and by Figs. 2 and 
3, the effect of irregular end conditions 
for series I was more marked for shot 
caps than for any other type of cap. For 
series II, the effect of irregular end condi- 
tions on specimens having shot caps was 
intermediate to that for the high strength 
Hydrostone and Castite caps, and the 
low strength plaster-of-Paris caps. The 
cylinders with convex ends capped with 
shot showed higher strengths than for 
the cylinders with plane ends, especially 
in series I, while the cylinders with con 
cave ends of both series showed decidedly 
lower strengths than the cylinders with 
plane ends. This was evidently due 
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the radial components of the forces pro- 
duced by the shot acting on the convex 
and concave ends. In general, the 
difierence in results obtained by the use 
of oiled as compared with dry shot does 
not warrant the extra work involved in 
using oiled shot. 
Plaster-of-Paris caps on cylinders of 
normal strength concrete having plane 
ends normal to the axis of the cylinder 
gave strengths comparable to those ob- 
tained when using the high-strength cap- 
ping materials, but they gave very low 
strengths when the ends were not of this 
type, as shown by Table IV and by Figs. 
2and 3. The irregular end conditions of 
high-strength cylinders had a greater 
effect in lowering the strength when 
capped with plaster of Paris than for any 
other capping material. In general, 
caps of plaster of Paris tested at 3 hr. 
gave slightly higher strengths than caps 
tested at 1 hr., due possibly to slight ab- 
sorption of moisture by the 1-hr. caps 
which may have occurred while standing 
; hr. under a damp sack to prevent dry- 
ing of the concrete; but the differences 
were not appreciable. 
Although most specimens developed 
the common cone fracture near their mid- 
ength, some of the capping materials 
ind end conditions caused special charac- 
teristic fractures of the concrete cylinders 
which indicated how such factors had an 
fect upon the compressive strength. 
All shot-capped cylinders with concave 
ends tended to split into columnar ele- 
ments due to radial tension. The cyl- 
nders having plaster-of-Paris scaps on 
oncave ends tended to rupture near 
their top and bottom rims along planes 
it about 45 deg. with the axis of the 
cylinder, due possibly to a combination 
f radial tension and axial compression; 
those having convex ends tended to split 
into columnar elements, due possibly to 
yielding of the thicker bed of plaster near 
the edge of the cap so that it did not pro- 
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duce the customary friction on the end 
surface. 

To show the general uniformity of the 
test results for the individual specimens 
and the relative reliability of the average 
strengths reported, the average varia- 


tions of the individual test values from > 


the mean value for each group of iden- 
tical specimens are presented in Table V. 
The average variation for all groups 
using the 3000-lb. concrete was 3.3 per 
cent while that for the 8000-lb. concrete 
was 4.5 percent. The percentage varia- 
TABLE V.—AVERAGE VARIATIONS OF INDI- 


VIDUAL TEST VALUES FROM MEAN OF 
EACH GROUP, IN PER CENT. 


| Series I, 3000-Ib. | Series II, 8000-Ib. 
Concrete Concrete 
Type of Cap 3 = 3 
| 2 2 | 
Hydrostone | 2.6) 3.5) 2.0] 2.5] 4.4] 3.2] 3.2] 3.2 
Castite | 4:2] 4:7] 3:6] 3.0] 2.8] 1.2 
Oiled shot | 3.0) 5.1] 3.7) 4.8] 2.8] 3.5] 3.0] 5.1 
Dry shot 4.0) 3.3) 3.1] 3.7] 2.0] 4.1] 4.1] 5.0 
Plaster of Paris at 
1% hr. -1} 3.9) 2.8] 3.0) 5.2] 6.0] 4.1] 9.8 
Plaster of Paris at 
1 hr. ...| 2.8) 3.7] 2.6) 3.2] 3.5] 6.6] 5.0]13.4 


tions for the specimens of 8000-lb. con- 
crete capped with plaster of Paris were 
especially high although the actual varia- 
tions in pounds per square inch were no 
greater than for the other groups of that 
series. 


SUMMARY OF RESULTS 

The results of this program of tests 
show that both the type of capping ma- 
terial and the end conditions of the con- 
crete cylinders before capping have an 
important effect upon the observed com- 
pressive strength of the concrete. The 
results may be summarized as follows: 

1. Regardless of end conditions of con- 
crete cylinders before capping, a higher 
strength and a greater degree of uni- 
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formity of strength for the same quality 
of concrete are obtained when using 
Hydrostone or Castite caps than when 
using the other materials tested. In 
general, Hydrostone is slightly superior 
to Castite in these respects. 

2. Shot caps do not develop the full 
strength of the concrete. They give 
especially low strengths when testing 

_ specimens with concave ends. 

3. In general, there is little difference 

between the results for oiled shot and 
7 dry shot. Of these two, dry shot is more 
convenient to use. 

4. Plaster-of-Paris caps on cylinders of 
normal strength concretes having plane 
; ends normal to the axis of the cylinder 

before capping develop strengths com- 
parable to those obtained by the use of 
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stronger capping materials. They give 
very low strengths for other end condi- 
tions, especially on cylinders of high- 
strength concrete. Even when speci- 
mens of high-strength concrete have 
plane normal ends, the observed 
strengths are relatively low. 

5. In general, plaster-of-Paris caps 
tested at 3 hr. produce slightly higher 
strengths than when tested at 1 hr., but 
the differences are not significant. 

6. Cylinders capped with Castite may 
be stored under moist conditions for long 
periods before testing without affecting 
their strength adversely. 

7. Considering over-all costs of labor 
and materials, Castite caps are cheaper 
than those made of any of the other ma- 
terials tested. 
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Mr. E. N. Vipat! (presented in written 


form).—The subject of this paper is one 


of considerable importance to the labora- 
tory technician, and Mr. Troxell is to be 
complimented on his excellent paper. 
The Bureau of Reclamation in_ its 
Denver laboratory and many of its field 
laboratories has used sulfur compound 
caps satisfactorily for many years, and 
the data from supporting tests should 
be interesting in supplementing Mr. 
Troxell’s information. 

Asa preliminary activity to the prose- 
cution of the Boulder Dam concrete 
research program, which started in 1931 
and involved a variety of specimen 
sizes, it was desired to develop a capping 
method which would eliminate the well- 
recognized deficiencies of the standard 
neat cement cap and of the commonly 
used plaster-of-Paris cap. Investigation 
of commercial sulfur compounds and of 
artificial laboratory preparations led to 
the selection of a mixture consisting of 
three parts of commercial sulfur flour 
with one part of standard mill fire clay. 
Suitability, economy, and adaptability 
were all factors in this selection. (It 
has subsequently been learned that any 
inert siliceous material of proper fineness 
may be used as the filler. Waste sand, 
screened, has been utilized on con- 
struction projects.) 

A test program was outlined to verify 
the adequacy of the method. 6 by 12- 
in. cylinders were made with 1}-in. 
maximum aggregate concrete for curing 
in the 70 F. fog room and tested at 7, 
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28, and 90 days. All specimens were 
cast in standard cast-iron molds with 
machined base plates, and the tops were 
troweled flush with the mold. The 
following capping methods were in- 
cluded: 

(a) For control, one group had the 
tops ground in a stone polishing machine ~ 
on the day before test, to within 0.002 
in. of a true plane as measured by a 
straightedge and feeler gage. . 

(6b) Neat cement caps, applied in ac- _ 
cordance with A.S.T.M. Methods of 
Making Compression Tests of Concrete 
(C 39-27),? using a normal portland 
cement. 

(c) Sulfur capped,. using the mixture 
described above, melted and poured on 
the top of the cylinder in a thin layer 
(,, to jin.) formed by a paper strip 
held in place around the cylinder by a 
rubber band. The desired surface was 
obtained by pressing a warm, machined | 
plate on the molten cap. Cylinders” 
were capped about 30 min. before testing. | 

(d) Lumnite cement caps, same as 
(b) above except that the caps were 
applied 24 hr. before test and lumnite 
cement was used. 

(e) Plaster caps, using a quick-setting 
plaster of Paris and applied 4 hr. before 
test. 

(f) Plaster cement caps, same as (e) 
except that a mixture of one part plaster 
to two parts normal portland cement 
was used. 

The results were as follows, each value 


2 1930 Book of A.S.T.M. Standards, Part II, p. 143. 
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representing the average for 60 test 
specimens: 


Compressive Strength Coefficient 


Capping Method ( Variation,* 
per cent 

Ground 4030 109.0 6.2 
Neat cement 4030 100.0 Zed 
Sulfur 4070 101.0 5.7 
Lumnite 4090 101.5 | 5.5 
Plaster 3890 96.7 | 6.4 
Plaster-cement 3930 97.5 6.1 


“ A.S.T.M. Manual on Presentation of Data, Proceed- 
ings, Am. Soc. Testing Mats., Vol. 33, Part I, p. 453 (1933). 

The sulfur method was adopted for 
cylinders smaller than 12 in. in diameter 
for all except highly special tests there- 
after, and larger cylinders were to be 
ground. Subsequently, it was decided 
to cap at least 6 hr. before test to insure 
definite hardening of the cap. It was 
also found that suitable caps could be 
formed by pouring the molten mixture 
on a machined plate and firmly pressing 
the cylinder vertically into it. The 
current procedure is fully described in 
the Bureau of Reclamation concrete 
manual,* designation 32 in the appendix. 

The temperature of the molten sulfur 
compound has been found to be critical, 
as a rubbery consistency results from 
either over or under heating. About 
340 F. has been found optimum for the 
mixture used. The sulfur costs $2.35 
per 100 lb., and the fire clay $1.00. On 
an average, a cap weighs } lb. for which 
the materials cost is one-half cent. The 
laboratory assistants can apply 50 to 60 
caps in an hour. No attempt is made 
to salvage the caps from tested speci- 
mens as undesirable coarse sand is un- 
avoidably attached, and the savings 
scarcely warrant the time involved. 
Any surplus removed during the capping 
operation is reused. 

In 1938, the shot-cap method had been 
devised and used at the Grand Coulee 


3 U.S. Bureau of Reclamation Concrete Manual, Third 
Edition, January, 1941, Designation 32, Capping Concrete 
Cylinders, p. 437. 


Dam laboratory and a thorough study of 
this method was started to investigate 
its possibilities for general field labora- 


tory use. The results of about 300 
cylinders tested at Grand Coulee had 
indicated that the strengths of shot- 
capped cylinders were equal to or higher 
than companion cylinders which had 
been capped with a mixture of sulfur 
and sand. 

The Denver tests comprised a total 
of 516 cylinders in seven groups, which 
included natural aggregates from four 
different deposits and crushed rock from 
each of two quarries. The criteria 
for mix proportions were that the mix- 
ture be workable and the ultimate 
strength at least 4000 psi. Throughout 
the investigation, the strength of cylin- 
ders capped by the- sulfur method? 
were used as the basis for comparing 
all other strengths. 

The studies were directed to the 
following: 

(a) Comparison of the efficiency of 
capping media in nullifying the adverse 
effect of convex, sloping, or concave 
cylinder tops (note the difference with 
Troxell’s treatment on both ends). 

(b) Comparison of normally troweled 
cylinders for ground, sulfur, and shot 
caps. 

(c) Comparison of cylinders  shot- 
capped on top only with shot caps on 
both ends and a comparison with cyl- 
inders shot-capped on top only but 
broken upside down. 

Discussion of all the test details is 
not necessary herein. Suffice it 
record that all tests were made on 6 by 
12-in. specimens and in the case of (a 
above, the end eccentricity was 
made by special jigs similar to those 
devised by Mr. Troxell. 
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The results, in brief, are shown below: 
EFFECT OF END CONDITION BEFORE CAPPING. 


End Condition 
Capping Method 


Flat | Convex | Sloping |Concave 


Sulfur 100 | 96 | 90 | 95 
Shot 9 | 87 | 89 | 


The benefit from sulfur caps for convex 
and concave ends agrees with Mr. 
Troxell’s findings but the result with the 
sloping end is out of line. Shot caps 
occasion a reduction in strength about 
the same as he reported. 


COMPARISON OF CAPPING METHODS. 
(All ends flat before capping) 
| Coefficient 


Compressive) Strength 


Capping Method | Strength, |Comparison, 


Variation, 
psi. | per cent | per cent 
Ground ...... 5200 102 4.0 
| = $080" | 100 5.3 
4570 90 7.6 


The results agreed with the 1931 
Reclamation tests, within the limits to 
be expected for such work, and check 
Troxell’s comparison of sulfur and shot 
caps. The increased uniformity of test 
results for capping methods other than 
with shot appears significant. It may 
be related to the logical suggestion that 
the shot in spite of its small size causes 
point bearing with concentrations of 
loads during the testing operation. 
This was borne out by carbon imprints 


shot-capped cylinders. The imprints 
iso revealed that the shot which were in 
tual contact with the cylinder end 
ere considerably farther apart than 
the diameter of the shot. 

the test results for the last part of 
these studies were too scant to warrant 
hinite conclusions, but it was indicated 

at further strength reductions were 
rived either from shot capping both 
‘nds or from shot capping the top and 
‘esting upside down. 

Short investigations in various field 
“boratories validated the Denver tests 


made in the Denver laboratory with 
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and the use of shot caps has been dis- 
continued in all major laboratories, 
except one. The latter has evolved a 
special system for shot caps which it is 
claimed provides results commensurate 
with sulfur caps. The details, however, 
are not available and until definitely 
substantiated, the shot cap should be 
considered subject to question. 

However, shot capping has its place 
and can be employed in the field to 
advantage, for example, where occasional 
specimens only are involved or where 
facilities for handling sulfur compound 
are not available. 

Mr. W. M. Murray.‘—I have been 
particularly interested in this report 
since it confirms the results of a photo- 
elastic investigation conducted by an 
associate of mine, A. J. Durelli, on es- 
sentially the same problem. 

In testing such specimens there are 
three different conditions which may 
prevail. First of all, one may have the 
desired condition in which a uniformly 
distributed stress is present across the 
ends in contact with the heads of the 
testing machine. In actual practice 
this condition is probably not very often 
achieved although one always tries for 
the best approximation to it. The sec- 
ond condition, which is likely the most 
prevalent, is that in which the friction 
on the head of the testing machine pre- 
vents the lateral expansion of the test 
specimen at its ends with the resultant 
development of a lateral compression 
in these regions. The third condition, 
which is most unfavorable, prevails when 
the capping material flows or expands — 
laterally to a greater extent than does 
the test specimen. This condition pro- 
duces a lateral tension and is sometimes 
so severe that failure takes place from 
tension rather than the compression 
that one is trying to measure. From 
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the writer’s experience this has been 
most noticeable in an attempt to dis- 
tribute the stress on granite specimens 
by placing sheet lead between them and 
the heads of the testing machine. In 
this case the failure took place under 
about two thirds of the stress sustained 
without the lead and the mode of failure 
was by cracks parallel to the direction of 
the applied force indicating that a lateral 
tension had been developed. 


Bakeli 
Resting upon a Plane Steel Surface. The iso- 
chromatic concentration is about 1.1. The dis- 
tribution of the stress on the boundary is far 
from uniform. 


If one examines the results given in 
Figs. 2 and 3 of Mr. Troxell’s paper and 
refers to Table I, it is seen that the best 
results are obtained with the two ma- 
terials whose moduli of elasticity are 
nearest to the modulus -.of concrete. 
Also, one observes that the capping ma- 
terials with strengths nearer to the 
strength of the concrete show more 
favorable results. 

In general, one might draw the follow- 
ing conclusions from Mr. Troxell’s paper: 
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1. That the most desirable or represen- 
tative conditions can be attained with a 
capping material that is as strong as or 
stronger than the material of the test 
specimen. 

2. That the capping material should 
have approximately the same modulus 


Fic. 2.—Isochromatics when the Surface of 
the Boundary is a Little Convex. On the 
corners the stresses are zero. The concentra- 
tion is on the axis and its value is about 1.6. 


Fic. 3.—The Surface of the Model is Con- 
cave. The isochromatic concentration on the 
corners is about 3.8. 


of elasticity and Poisson’s ratio as the 
material under test. 

Mr. A. J. DurELLI® (by letter).—The 
paper by Mr. Troxell is a very interest- 
ing contribution to the study of the end 
conditions in concrete test cylinders. 
I have been working for some time with 
the same problem following a different 


5 Guest in the Department of Mechanical Engineering 
Messachusetts Institute of Technology, Cambridge 
ass. 
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approach and using photoelastic ob- 
servations.® 

1. Rectangular specimens of bakelite 
with plane, convex, and concave ends 
bearing on smooth flat steel surfaces 
have been studied by the photoelastic 
method. The isochromatic fringe 
photographs are shown in the accom- 
panying Figs. 1, 2, and 3. 

The first case dealing with plane ends 
has been studied theoretically by Knein’ 
whose results are in agreement with the 
photoelastic test (Fig. 4). Coker® made 


Symmetry 


Fic. 4.—Isochromatics Obtained Theoreti- 
cally by Knein for 4, Ratio of Both Sides Equal 
to ©, Poisson’s Ratio Equal to 0.25. 


a photoelastic study of the distribution 
of stresses in a similar case involving 
1 square model. 

The distribution of stresses in a test 
cylinder of concrete is a three dimen- 
sional problem, whereas the rectangular 


pieces studied by Knein, Coker, and the 
writer give results for two dimensional 
distributions. However, the case of the 
stresses in the longitudinal central plane 


E These results have been presented to the Thirteent 
Photoelasticity held at M. I. T.— 
xastribution of Stresses in Partial Compression. A 
tee Method of Obtaining Isostatics in Photoelasticity”’ 
i Knein, “Zur Theorie des Druckversuchs,”’ 
‘ ndlung, Aerodynamischen Institut an der Technische 
ochschule Aachen, Berlin, Heft 7 (1927). 

bh, . G. Coker and L. N. G. Filon, “A Treatise on 
Fhotoelasticity,”’ p. 583, Cambridge (1931). 
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of the cylinder is very likely much akin 
to the distribution in the berate ll 
pieces investigated. 

From these tests the following con-— 
clusions have been drawn: t 

(a) Under compression the width of 
the specimen is increased while the 
length is decreased. On the surface of 
contact with the steel the friction does 
not allow the expansion. This intro- 
duces a lateral compression on the 
boundary of the specimen (Fig. 5). 


Steel 


/ 
/ 


/ 


7 


Fic. 5.—-Plane Surface of the Specimen Lying 
upon the Plane Surface of the Steel Head. Dis- 
tribution of the stresses on the boundary of the 
specimen. 


The isochromatic concentration is 
about 1.1 if one takes the value of the 
uniform field as oo = 1. 

(6) The concentration on the corners 
diminishes considerably if the surface | 
of the boundary is made a little convex. 
The maximum concentration is then on 
the axis of symmetry. 

(c) The concentration on the corners 
increases if the surface of the boundary 
is slightly concave. 

2. The same specimens were tested 
capped with a thin plate of lead, or 
sheets of rubber. 

The effect of the lead or rubber is to 
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develop tangential stresses on the sur- 
this case the 


face of contact. In 


Fic. 0. Isochromatics iia I illar of Bakelite 
(2.87 by 1.32 by 0.267 in.) Transmitting the 
Load to a Piece of Steel (6.7 by 1.26 by 0.267 
in.) Through a Sheet of Rubber, 0.027 in. Thick. 
The isochromatic concentration is 1.2. The 
value on the corner approaches zero. 


lic. 7.—The Same Case as Before, but with 
Rubber 0.33 in. Thick. The isochromatic con- 
centration is 1.33. A part of the bakelite is in- 
visible because of the lift of the piece of rubber. 


ic. 8.—The 


Case as Before, but with 
Two Sheets of (0.15 in.) Instead of 
Rubber. The isochromatic concentration is 
1.14. On the corners the value of (¢,;—o.) 
diminishes. 


Lead 


boundary is subjected to a tension per- 
pendicular to the direction of the load P. 
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The nature of the phenomenon 
changes with the thickness of the rubber, 
orofthelead. The principal stress ¢, on 
the boundary can be a compression or a 
slight tension. On the corners, the 
values of both principal stresses diminish, 

The accompanying Figs. 6 and 7 show 
the isochromatics when the interposed 
material is rubber. Figure 8 represents 
the same bakelite model when the inter- 
posed material is lead. 


FIG 
Loaded on Rubber 0.33 in. Thick. (Near t 
boundary the rubber destroyed a part of t 
lacquer.) 


The isostatics are concave (looking 
upward) on the central part and convex 
near the corners.® 

Very likely the phenomenon in three 
dimensions is somewhat similar. That 
is the reason why cubic concrete spec 


9 The isostatics have been obtained with the s 
coating technique which is explained in the paper 
sented to the Thirteenth Eastern Photoelasticity 
ference. 


or 
stl 


| re 
| | 
. 
by 
i 
3 
j 
| 
2 Be 
il 
‘ 
cr me 
? 
¢: ge 
no 
CO) 
j 
by 
Tra 
if Sci 
| 
| 
| 
| 
| 
\ 


the 
of the 


aking 
nvex 


three 
That 
speci: 
stress 


er 
ity 


mens, tested with rubber or grease be- 
tween the concrete and the steel, have a 
resistance only about 25 per cent of those 
tested in the usual way.’° The specimen 
is not broken by simple compression, but 
by a combination of tension and com- 
pression. 

3. The best way to obtain a uniform, 
or nearly uniform distribution of the 
stresses in a specimen, is to introduce a 


Cardboard 


| 
Bokelite 


— 


ric. 10.—A Sheet of Cardboard Is Placed 
vetween the Piece of Steel and the Pillar. The 


otted lines represent the final shape of the 
illar after deformation. 


material which does not develop tan- 
gential stresses and does equalize the 
normal stresses. It seems that these 
conditions are realized very satisfactorily 
by using cardboard. 


9 
“Pierre L. Brice, “Determination Experimentale et 


trace de la Courbe de Resistance Intrinseque du Beton,”’ 
+" Industrie, Edition Construction, Janvier, 1934, 
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0.036 in. Thick. 


The effect of the cardboard is to allow 
a freer expansion of the boundary. The 
thickness of the cardboard has some 
influence on the distribution of the 


Fic. 11.—Isochromatics in the Same Bakelite 
Pillar (Fig. 3) Lying upon a Cardboard Sheet 
The concentration is 1.4. 


Fic. 12.—Isochromatics. If the thickness of 
oe cardboard is increased (about 0.1 in.) the 
az is more uniform. 


Fic. 13.—Isochr s. When the thick- 
ness of the cardboard is about 0.25 in., the dis- 
tribution of the stresses is almost uniform. 


stresses. There is a thickness which a 

produces the optimum distribution. | 
Above and below that thickness, the con- 
centration of stress increases. The con- 
centration is very sharply reduced at the 
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_ reduce the concentration to only 7 


beginning and further increase in the 


thickness of the cardboard accounts for a 
small reduction in the concentration. 

The cardboard used was in the form of 
sheets about 0.036 in. thick. One of 
these sheets was put between the same 
bakelite model and the same piece of 
steel as examined in Fig. 3. 
The maximum value has been reduced 

1.4. Three sheets of cardboard 
1.68 
= 1.12. 

The most desirable thickness seems to 
be about 0.25 in. Then the field is 
almost completely uniform. The iso- 


Fic. 14.—Specimen with Slight Convex Sur- 
face on the Boundary. There are six sheets of 
cardboard whose total thickness is about 0.2 in. 
The concentration in Fig. 2 has been reduced 
from 1.6 to 1.1. 


chromatic concentration is only 1.05. 
Experiments with a greater thickness of 
cardboard show a small increase in the 
concentration. 

With cardboard it is possible to obtain 
a uniform distribution of the stresses, 
even when the surface of the bakelite 
model is convex. The same specimen 
with slight convex surface, already 
used in the first case (Fig. 2), was tested 
with cardboard. The thickness of the 
cardboard was about 0.2 in. (six sheets). 
The distribution is almost uniform 
(Fig. 14). 

4. Mr. Troxell’s results for concave 
ends before capping are always (with 
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but one exception) smaller than the re- 
sults for convex or plane ends. That is 
in agreement with the photoelastic tests 
without capping which show a very great 
concentration for the concave ends, 
Likely the thickness of the capping was 
not enough to make this effect decrease 
or disappear. 

Mr. G. E. TROXELL" (author’s closure, 
by letter)—The author is pleased to 
acknowledge the splendid contributions 
to the discussion of this paper which 
have been submitted by Messrs. Vidal, 
Murray, and Durelli. 

There is just one statement made by 
Mr. Durelli which may require some 
comment. It is stated that cardboard 
of proper thickness serves effectively to 
produce essentially a uniform stress dis- 
tribution on the end of the model, even 
though it may be concave or convex. It 
may be necessary to caution the reader 
that although this has been shown to be 
true when using a model of bakelite, 
which has a low modulus of elasticity, 
cardboard is definitely not satisfactory 
for capping the ends of a concrete 
cylinder which has a much higher modu- 
lus than does cardboard. As pointed out 
by Mr. Murray, a satisfactory capping 
material for a compression specimen 
should have a compressive strength and 
modulus of elasticity approximately 
equal to those for the test specimen. 

Mr. Durelli shows that the effect of 
using lead or rubber to cap a bakelite 
model is to develop tangential stresses 
on the surface of contact. This is un- 
doubtedly the same effect which is 
present when concrete cylinders are 
capped with a weak material like plaster 
of Paris which is subject to plastic flow 
The resulting low indicated strengths 
for concrete capped with plaster of Pars 
are probably due to these tangential! 
stresses. 


Mt Associate Professor of Civil Engineering, Universi 
of California, Berkeley, Calif. 
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DISCUSSION OF DYNAMIC METHODS OF TESTING 
SUGGESTIONS FOR STANDARDIZATION! 
By LEONARD OBERT? AND WILBUR I. DuvALt? 


SYNOPSIS 


To assist in standardizing the dynamic methods of testing concrete, the 
underlying theory, apparatus, effects of moisture, and size of specimen have 


been studied and the findings presented herein. 
the equations used by previous investigators in calculating Young’s modulus 
of elasticity of concrete from the flexural frequency of vibration. 


Errors have been found in 


A more 


rigorous solution of the problem has been given by Goens, the results of which 
are presented graphically. Experimental data are included to show the 
justification for using Goens equation rather than those previously used. A 
discussion of the apparatus used in measuring both modulus of elasticity and 


the damping constant is included with suggestions for improving its accuracy. 
A series of tests was made on concrete specimens to determine the effect of the 
water content and the size of specimen on modulus of elasticity and the damp- 
The results of these tests indicate that both modulus of elas- 
ticity, #, and in particular the damping constant, Q, vary with the water 
Contrary to findings for strictly homogeneous 
materials, the value of E and Q for a given grade of concrete was found, for 
the conditions of these tests, to depend upon the size of specimen used in 
making the measurement, £ increasing and Q decreasing as the size is de- 
Moreover, the variations in E and Q for beams of identical concrete 

increased with a decrease in size of specimen. 


ing constant. 


content of the specimen. 


creased. 


During the past few years a number of 
reports*-* have been written on the 
dynamic or so-called sonic method of 


' Published by permission of the Director, U. S. Bureau 
nes. 


? Physicist, and Junior Physicist, respectively, U. S. 
eet of the Interior, Bureau of Mines, College 
tk, Md. 


*G. Grime, “The Determination of Young’s Modulus 
t Building Materials by a Vibration Method,” Philo- 
phical Magazine, Vol. 20, pp. 304-310 (1935). 
‘G, Grime and J. E. Eaton, ‘The Determination of 
toung’s Modulus by Flexural Vibrations,’ Philosophical 
agazine, Vol. 23, pp. 96-99 (1937). 
Powers, “Measuring Young’s Modulus of 
wlasticity by Means of Sonic Vibration,’ Proceedings, 
m. Soc. Testing Mats., Vol. 38, Part II, p. 460 (1938). 
*L. Obert, “Sonic Method of Determining the Modulus 
Elasticity of Building Materials Under Pressure,” 
roceedings, Am. Soc. Testing Mats., Vol. 39, p. 987 (1939). 
, Floyd B. Hornibrook, ‘Application of Sonic Method 
0 Freezing and Thawing Studies of Concrete,” ASTM 
~ULLETIN, No. 101, December 1939, p. 5. 
,W. T. Thomson, “Measuring Changes in Physical 
— of Concrete by the Dynamic Method,” Pro- 
edings, Am. Soc. Testing Mats., Vol. 40, p. 1113 (1940). 
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testing building materials and in particu- 
lar concrete, indicating that these meth- 
ods of testing are becoming permanently 
established. In order that a_ better 
comparison between the results of vari- 
ous investigators can be made, there is 
need for a standardized routine of 
testing. This paper presents a summary 
of the theory, methods of testing, 
apparatus, and certain results of previous 
investigations, together with new experi- 
mentul data from which conclusions 
are drawn as to the best methods of 
standardization. 

The physical properties that can be 
most easily determined by dynamic 
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methods are the velocity of sound, the 
modulus of elasticity, and the damping 
constant. Hornibrook’? has shown that 
when a specimen is subjected to a 
number of freezing-and-thawing cycles 
modulus of elasticity shows a decrease 
which was correlated with physical 
failure of the specimen. Correspond- 
ingly, Thomson*® has shown a similar 
change by measuring the damping 
constant. In general, the dynamic 
methods have been shown to be accurate 
and simple and have the advantage 
over static methods in that the method 
of testing does not damage or destroy the 
specimen. 


DISCUSSION OF THE THEORY 


The natural frequency of vibration 
of a bar is a measurable quantity which 
may be used to determine the modulus of 
elasticity. The equations relating the 
natural frequency of vibration to the 
modulus of elasticity 


where 
E = modulus of elasticity, 
V = velocity of sound, 
p = density, 
lL = length of specimen, 
k = radius of gyration of the section 
about an axis perpendicular to 


the plane of bending (k = : 

V12 
for rectangular cross-section 
where ¢ = thickness), and 

m = numeric (4.73 for fundamental). 


See Lord Rayleigh, ‘““The Theory of Sound,’”’ Second 


Edition, Vol. 1, pp. 242-306, The MacMillan Co., London 


(1926). 


OBERT AND DUVALL 


By eliminating V from Eqs. 1 and 2 and 
solving for £ it follows that 


Equation 1 was obtained by solving 
the differential equation for the motion 
of a bar vibrating in flexure in the free- 
free mode. Because of mathematical 
complexities involved, several second- 
order corrections were neglected in this 
solution, namely, the corrections for the 
effect of the rotary inertia, the lateral 
inertia, and the moment of shear. Both 
Mason!’ and Thomson! have made an 
approximate solution of the differential 
equation in which the effects of rotary 
and lateral inertia were included and 
have shown, first, that the effect of the 
lateral inertia increases the modulus by 
approximately 4 per cent, and second, 
that the effect of rotary inertia increases 
the modulus by approximately 25 per 
cent. 

A more rigorous solution has bee 
worked out by Timoshenko” and Goens 
in which the effect of rotary inertia a1 
moment of shear are taken into account 
The results of this solution give 


4a p 
E= T 


where 7 is a complicated correct 
term depending on the ratio of thickness 
to length and Poisson’s ratio. In order 
to present an easy method of applying 
this correction as well as to eliminate! 


10W. P. Mason, “The Motion of a Bar Vibrat 
Flexure, Including the Effects of Rotary and L 
Inertia,” Journal, Acoustical Soc. America, Vol. 6, 
April, 1935, pp. 246-249. 

W. T. Thomson, “The Effect of Rotary and La 
Inertia on Flexural Vibrations of Prismatic Bars, 
nal, Acoustical Soc. America, Vol. 11, No. 2, Oct 
1939, pp. 198-204. 

12S, Timoshenko, “On the Correction for Shear 
Differential Equation for Transverse Vibrations 0! 
matic Bars,” Philosophical Magazine, Series 6, V 
pp. 744-746 (1921); also “Vibrations of Bars of U 
Cross Section,’ Philosophical Magazine, Series 6, 
pp. 125-131 (1922). 

13 E. Goens, “Uber die Bestimmung des Elast 
moduls von Stiben mit Hilfe von Biegungsschwingw 


a _ Annalen der Physik, B Folge, Band 11, pp. 649-678 
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publication of complicated mathematical 
expressions, the value of T for different 
ratios of thickness to length is shown 
graphically in Fig. 1. 
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ment of shear assuming Poisson’s ratio 
of 0.11 and 0.16 calculated from the 
results of Goens."* For a beam whose 
ratio of thickness to length is 0.25, this 


The correction for rotary inertia and correction increases modulus of elas- 
2.1 
2.0 
4-- 
1-3 
1.9 
1.8 
2 
1.7 

56 16 — 
O 

1.4 

19 7 


010 


Ratio , 

Fic. 1.- 

Curve 2.— 
Curve 3. 


the correction for the rotary plus lateral 
inertia is given in curves 1 and 2, 
respectively, assuming a Poisson’s ratio 
0.11. Both curves are computed 
from the results given by Mason! and 
Thomson." Curves 3 and 4 are the 
Corrections for rotary inertia and mo- 


020 025 030 035 0.40 
thickness to length 


—Correction Term T for Eq. 4. 


Curve 1.—Correction curve for rotary inertia. 
Correction curve for rotary and lateral inertia—Poisson’s ratio = 0.11. 
Correction curve for rotary inertia and shear—Poisson’s ratio = 0.11. 
Curve 4.—Correction curve for rotary inertia and shear—Poisson’s ratio = 0.16. 


045 


= 


ticity by 40 per cent. This correction 
curve is applicable to beams of rec- 
tangular cross-section only. To obtain: 
the corresponding correction curve for a 
circular beam it is only necessary to 


multiply the scale of the abscissas by 
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(the ratio of the radius of gyration of a 
rectangular beam to the radius of 
gyration of a circular beam). 
The modulus of elasticity can also be 
computed from the longitudinal fre- 
quency of vibration of a specimen from 


the following equations:* 


where i is the integer depending upon 
tone of vibration (i = 1 for fundamental). 
Eliminating V and solving for E 


In deriving Eq. 7 from the differential 
- equation for the motion of a bar vibrat- 
_ ing in the longitudinal mode one second- 


order term, correcting for the effect of 
lateral inertia, was neglected. If this 
effect is accounted for Eq. 7 becomes* 


E = (8) 


where 
o = Poisson’s ratio, 
k = radius of gyration of section 


normal to axis (for rectangular 


P+ wv 
cross-section k = 12 


t = thickness, and 
w = width. 
For specimens of the size normally used 
in testing, vibrating in their funda- 
mental, the term in the parentheses 
gives rise to a correction of the order of 
> 1 per cent and can be neglected. 
In order to show the agreement 
between the values of modulus of 


= 
4 C. Chree, “On Longitudinal Vibrations,”’ Quarlerly 
Mathematics Journal, Vol. 23, pp. 317-342 (1889). 
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elasticity when calculated from the 
transverse frequency by Eq. 4 and from ads 
the longitudinal frequency by Eq. § vibrati 
several specimens of duraluminun, glass, Analog 
and granite of different length-to-thick- the Q) 
ness ratios were tested. The results are 

given in Table I. The fifth column TABLE 


gives the values of the ratio of thickness 
to length, which range from 0.122 to 
0.273. The last three columns give the Ma 
corresponding values of modulus of 
elasticity calculated from the longitu- 


dinal frequency by Eq. 8, from the § 
transverse frequency by Eq. 3, and from gf 
the transverse frequency by Eq. 4, § ,A%' 
respectively. The values calculated ay 
from the longitudinal frequency from No. 48 
transverse frequency by Eq. 4 agree nto 
within less than 1 per cent, whereas son 
those calculated by Eq. 3 differ from the “Cal 
longitudinal values as much as 10 per oes 


cent. 

To check the validity of Eqs. 4 and8 
for tones other than the fundamental, 
the transverse frequencies of vibration 
for the second and third tones were also 
measured on the duraluminum specimens Duralum 
as well as the first and second tones of me 
the longitudinal frequency. Table Il | 


gives the results of these tests. The No. 2 
values of modulus of elasticity were com- 
puted by Eqs. 8, 3, and 4, respectively. No. 3 
The results show that the modulus 
values differ by less than 6 per cent for No.4 
the different tones when computed by 
Eqs. 8 and 4, but decrease as much 4s == 


29 per cent when computed by Eq. 3. Ca 


The energy required to maintain 4 ” 
bar in sustained vibration is dissipated 
in two ways: first, in overcoming the 
internal friction of the bar, in which case and ( 
the energy is converted into heat; second, heen 
that which is transferred to the external " = 
surrounding. The damping capacity, of th 
AW, is the energy per unit volume per reson 


cycle used in overcoming the internal 
friction and the specific damping 4p 
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dtyis 1 where W is the total energy of 


vibration per unit volume per cycle. 
Analogous to electrical measurements, 
the Q of a specimen is given as'° 


“@ Calculated by Eq. 8. 


‘Calculated by Eq. 3 corrected only for rotary and lateral inertia. 


Calculated by Eq. 4. 


Specimen 


TABLE | 
Dimensions, cm. 
Material 
Length | Width | Thick 
| 
— _-- 
Duralaminum : | 
No. 35.5 8.90 7 61 
No. 2 3070 | 7.64 | 7.00 
No. 3 39 07 | 5.74 | 4.78 
Sr 27.98 8.93 7.65 
Glass 35.00 | 10.18 | 8.50 
Granite: | 
_ eee 35.0 | 9.00 | 7.75 
No. 48 350 | 900 | 7.75 
No. 49 | 35.0 | 900 | 7.75 


Tone 


Duraluminum: 
No. 1 


First 
Second 


Third 


First 
Second 


Third 


First 
Second 
Third 
First 


Second 
Third 


Calculated by Eq. 8. 


alculated by Eq. 3 corrected only for rotary and lateral inertia. 


alculated by Eq. 4. 


and () will hereafter be referred to as the 
damping constant. (Q can be determined 
in two ways: first, from the sharpness 
‘the resonance curve for if fo is the 
resonant frequency and Af the width of 


COMPARISON BETWEEN THE VALUES OF MODULUS OF ELASTICITY, E, DETERMINED 
FROM THE LONGITUDINAL AND TRANSVERSE FREQUENCY. 


Ratio, 
thick 
ness to 
length, 
t/l 


| 0.214 


| 
| 0.221 
| 


| Frequency, Modulus of Elasticity, 
| Density,| cycles per second | E, dynes per sq. cm. X 10" 
| cu. em Longi- | Trans- | Longi- | Trans- | Trans- 
| tudinal | verse | tudinal*| verse verse® 
2.78 7120 2750 7.16 6.79 7.19 
2.78 8248 | 3332 7.18 6.76 7.20 
2.78 6510 | 1558 7.20 6.98 7.23 
2.78 9018 | 4200 7.29 6.81 7.31 
2.56 7972 =| =3385 8.05 7.54 8.03 
2.65 6010 | 2392 4.86 4.35 4.82 
2.65 6068 2423 4.95 4.45 4.94 
243 | 6319 | 2486 | 5.21 | 4.76 | 5.20 


TABLE Il.-COMPARISON BETWEEN THE VALUES OF FE DETERMINED BY THE FUNDAMENTAL AND THE © 
FIRST AND SECOND OVERTONES. 


Frequency, Modulus of Elasticity, 
cycles per second E, dynes per sq. cm. X 101 
Longitu- | Longitu- Trans Trans- 
dinal Transverse | ““ginal@ verse verse® 
7 120 2790 | «7.16 6.79 7.19 
13 980 6 361 | 7.02 5.99 7.24 
10450 | 5.34 7.15 
8 248 3 332 7.18 6.76 7.20 
16 150 7 600 } 7.04 5.84 7.16 
12380 5.21 7.08 
6 510 1 558 7.20 6.98 7.23 + 
12 960 4 008 7.21 6.63 7.33 i 
7 082 6.25 7.19 
9 018 4200 | 7.29 6.81 7.31 7 
9 096 5.67 7.06 
14340 4.85 6.90 


the resonance curve in cycles per second 


1 
at —- 
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of the maximum amplitude then 


and second, by measuring the logarithmic 
decrement. The logarithmic decrement 
of a free vibration whose amplitude 
decreases exponentially is defined as 
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where A; and Az are amplitudes of 
successive vibrations. © is related to 


6 by 


Equations 10 and 12 afford two inde- 
pendent methods of measuring the Q 
of a specimen. 


APPARATUS 

_ The measurement of modulus of elas- 
ticity requires, first, a method of sup- 
porting the specimen so that it will 
vibrate in some prescribed mode of 
vibrations; second, a method of vibrating 
the specimen in that mode; third, a 
means of measuring the frequency of 
vibration; and fourth, a measurement. of 
the dimensions and density of the 
specimen. 

The method of mounting the specimen 
determines the mode in which it will 
vibrate. For the fundamental tone of 
the longitudinal vibration, the specimen 
should be mounted at the center. For 
the transverse fundamental tone, free- 
free mode, the beam should be mounted 
at the nodal points, which are 0.224 1 
from each end where / is the length of 
the specimen. 

Both the transverse and the longitu- 
dinal vibrations have been used by 
previous investigators in measuring mod- 
ulus of elasticity. However, for con- 
crete, particularly when the specimen is 
moist and the damping losses large, it is 
difficult to produce longitudinal vibra- 
tions. Moreover, the longitudinal fre- 
quency is several times the transverse 
frequency, which also increases the 
difficulty in measurement. 

Both free and sustained vibrations 
have been employed in previous in- 
vestigations. The free vibrations were 
produced by striking the beam a light 
blow at the center whereas the sustained 


vibrations were usually produced by 
some type of electromagnetic device, 
The former method is not recommended, 
due to the difficulty in accurately 
determining the frequency of a free 
vibration. Further, Hornibrook? has 
pointed out that striking a specimen 
even a light blow might damage it if the 
specimen were partially deteriorated. 

Several methods of measuring the 
frequency have been employed, the 
simplest of which is to match the tone 
of the vibrating specimen to some tone 
of known frequency. This method is 
satisfactory provided the observer pos- 
sesses the ability to match tones by ear, 
but experience has shown that many 
observers will miss the true tone by as 
much as an octave. The other extreme 
is to record the vibration on a moving 
film oscillograph and count the waves in 
a given time interval. While this meth- 
od is accurate it requires both excessive 
time and expensive apparatus. In an 
earlier report one of the authors® meas- 
ured the frequency with a Syncro-clock, 
but this is not recommended unless 
extremely high accuracy is desired. 
The most satisfactory method is to use a 
calibrated audio-oscillator to determine 
the frequency of vibration and also to 
supply the power to drive the specimen. 
There are a number of comparatively in- 
expensive instruments on the market of 
sufficient accuracy for this purpose. 
The measurement of the dimensions and 
density of the specimen present no un- 
usual problem except that it should be 
noted that the length of the specimen 
enters into the equation for modulus of 
elasticity as a fourth power and the 
thickness as a second power, and there- 
fore these dimensions should be measured 
with care. 

The damping constant of concrete has 
been determined by Thomson® by meas 
uring the sharpness of the resonance 
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curves. ‘The apparatus used in making 
the measurement differs only from that 
jor measuring £ in that the scale on the 
gscillator must be increased so that it is 
possible to measure small changes in 
frequency. So far as is known no 
previous investigator has determined the 
damping constant of concrete by meas- 
uring the decrement of the free vibration. 

The apparatus used in this investiga- 
tion was designed to incorporate the 
desirable features of the apparatus 
previously described and at the same 
time eliminate any possible sources of 
errornot previously considered. A sche- 
matic diagram of the apparatus is shown 


in Fig. 2. The oscillator is of the beat 
Power | 
Yscillator Amplifier | 

Voltage 

graph Ampliher [128 Specimen 


Pick Up 


AC. 
Voltmeter 


.—Schematic Diagram of the Apparatus. 


juency type having a frequency range 
to 17,000 cycles per second, which is 
‘lent to make either transverse or 
gitudinal frequency measurements on 
imens as short as 6 in. The fre- 
| ency scale can be read directly to within 
ccuracy of 2 per cent and a system 
alibration is provided to check the 
uency at 60 and 600 cycles. Where- 

sa frequency scale accurate to within 

- per cent is sufficient for the determina- 

of modulus of elasticity, it is not 
ciently accurate to measure the 

ill changes in frequency necessary to 
termine the shape of a resonance 

i've which is required for the measure- 

ment of (. For this measurement a 
mall variable trimming condenser was 
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connected in parallel to the main tuning 
condenser. The capacity of this con- 
denser was such that it would produce a 
maximum change in frequency of ap- 
proximately 100 cycles per second or 
about 1 cycle per division of scale. In 
order to maintain a frequency of suffi- 
cient constancy to permit measuring a 
variation of 1 cycle it was necessary to 
enclose the oscillator in a heat-insulated 
box, the temperature in which was kept 
constant to within +2 C. 

The power amplifier was a conven- 
tional type having a power output of 
8 watts, which was found sufficient for 
all experiments. The voltage amplifier 
was a conventional 3-stage, resistance- 
coupled type, the voltage gain of which 
was approximately 10,000 and was 
constant for frequencies from 100 to 
12,000 cycles per second. The output 
of the voltage amplifier was measured on 
both a cathode-ray oscillograph and a 
high-impedance a-c. voltmeter. Of the 
two the voltmeter is more satisfactory 
for quantitative measurements, A mov- 
ing film mechanical oscillograph was 
substituted for the cathode-ray whenever 
it was desired to photograph any 
results. 

When damping measurements are to 
be made on an apparatus such as this, 
more consideration must be given to the 
method of supporting and driving the 
beam than for the measurement of 
modulus of elasticity. The energy 
necessary to sustain vibration in a 
specimen may be divided into three 
parts: first, the energy lost in radiation 
which has been shown to be negligible;" 
second, the energy required to overcome 
the internal friction of which the damping 
constant is a measure; and third, the 
energy lost in the interaction between 
the driver and the beam and the transfer 


15 R. L. Wegel and H. Walther, ‘Internal Dissipation 
in Solids for Small Cyclic Strains,’’ Physics, Vol. 6, April, 
1935, pp. 141-157. 
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of energy through the supports. Inas- support or drive it is necessary to make 


mos! 
much as the damping losses cannot be _ the latter as small as possible. het 
separated from the losses due to the — To reduce the interaction between the on 

driver and the beam an electromagnetic sh 
system of coupling was used. In Fig. ‘ : 
3, A is a brass plate which is connected ‘ ? 
- to the beam with quick-drying cement. A 
; Yy The voice coil B is then fastened to A, a 
Y and the permanent magnet D lowered “ 
Y -D over the voice coil until it rests on the 
supports C. The brass rod £ was used 
. Le to aid in centering the voice coil and was ie 
7 removed during tests. To reduce the ae 
LA c transfer of energy through the supports, a 
oo ~ the beam was supported on piano wires 0 | 
accurately located at the nodal points. 
ae Both electromagnetic and crystal pick- = 
cir 
“Re ie ups were used. However, due to the low cU 
impedance of an electromagnetic pickup 
eee less difficulty was encountered with 
stray electrical disturbances from other 
_ Fic. 3.—Electromagnetic Driver. equipment and it was therefore used in ate 
G 
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most tests. Thomson* has pointed out 
that a crystal pickup has an electrical 
output proportional to the displacement, 
whereas for an electromagnetic pickup 
the output is more nearly proportional 
to the velocity, and therefore he recom- 
mended the crystal pickup for measuring 
the shape of the resonance curve. 
However, if Af is small compared to fo, 
which is the case for the resonance curves 
of concrete, it will make essentially no 
difference whether the amplitude or the 
velocity is plotted against the frequency. 

To show the accuracy with which the 
() measurements could be made, the 


TABLE III.-DAMPING CONSTANT DETER- 
MINED FROM THE WIDTH OF RESONANCE 
CURVE AND FROM THE LOGARTIHMIC DECAY 
OF A FREE VIBRATION. 


Damping Constant Q 
Material 


Resonance 


Granite No. 

Granite No. 

Granite No. 

Granite No. 
Granite No. 49... 
Sandstone No. 39 
Sandstone No. 41 
Sandstone No. 42 
Duraluminum No. 1 

1 
Glass (1340) 


* See reference No. 15. 


experimental points for a representative 
resonance curve are shown in Fig. 4 
together with a theoretical resonance 
curve having the same amplitude and Q. 
The estimated accuracy of the Q meas- 
irements reported herein is within 
t3 per cent. Further checks were 
made by determining Q from the 
logarithmic decay of a free vibration. 
A specimen was first driven at its 
resonance frequency, then the driving 
force was turned off and the resulting 
decay photographed on the mechanical 
oscillograph. The amplitudes were 
measured and Q determined from Eqs. 
ll and 12. The results of these tests 
fe given in Table III in which the 
second column gives the value of Q de- 
termined from the resonance curves and 
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the third column gives the value deter- 
mined from the decay for several speci- 
mens. Of these methods the former is — 
the more accurate and the less difficult to 
measure. 


EFFECT OF MOISTURE 


In a previous paper one of the authors*® 
noted that the moisture content of 
concrete affected the modulus of elas- 
ticity and suggested that the saturated 
specimen be oven dried for a given period — 
before testing. Hornibrook’ reported 
that in the first few days of air drying the : 
saturated specimen showed a decrease in 
modulus of elasticity of 2 per cent _ 
whereas the overnight drying at 200 F. 


TABLE IV.—CONCRETE MIXES. 


Proportions, by 


Cement dry weight 


sacks 


per 
cu. yd. 


eference 
Number 


Ce- Grav- 
ment Sand el 


| R 


7 1 1.70) 2.94 18. 
5% 1 2.55) 3.59 18. 
4 1 4.05) 4.93 . 21. 


decreased the modulus by over 17 per 


cent. No study had been made on the 


effect of moisture content on the value 
of Q. 
In order to study the effect of the 


moisture content on the value of Q and > 
at the same time make a more com-— 
prehensive study of the effect of moisture — 
on £, the following experiments were | 
performed: twenty-seven beams were 
prepared (9 each of 3 grades of concrete) — 
substantially in accordance with the 
A.S.T.M. Standard Method of Test for 
Flexural Strength of Concrete (C 78 = 
39)! (which specifies the method of 
preparing beams for flexural tests) 
except that the beams were rodded 50 
times per layer instead of 50 times per 
square foot per layer. The aggregate 
used was Potomac River sand and gravel 
having a maximum size of 1 in. and the 


16 1939 Book of A.S.T.M. Standards, Part II, p. 339. 
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beams were cured 28 days in a constant 
temperature moist room before testing. 
The cement was a standard brand avail- 
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removed 


periodically for an interval of fro 


time long enough to permit testing, the 
The second group of nine beams was 


> 


Drying Time, days 


= 4 q 
Oo 
+> 
a8 
- 
£ © A- Mix -Room Temperature Drying 
© A-Mix-100F Drying 
$s @ B-Mix- Room Temperature Drying 
| @ B-Mix- 100 F Drying 
S 9 C- Mix- Room Temperature Drying 
C-Mix- 100 F. Drying 
= 
= 
=0 
0 10 20 30 40 50 


Fic. 5.—Effect of Air Drying on Modulus of Elasticity. _ 


able on the local market. A description 
of the mixes is given in Table IV. Nine 
beams (3 beams of each of the 3 grades) 
were left in the moist room after the 
initial 28-day curing period, only being 


4 
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Fic. 6.—Effect of Oven Drying at 212 F. on Modulus of Elasticity. 


oven dried at 212 F. During the initia 
drying period frequent tests were matt 
and as the drying progressed the inter fore 
vals between tests were increased corte was 


spondingly. The beams were removt 
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from the oven only long enough to allow _ which time tests were made periodically. 
them to come to room temperature be- At the end of 18 days the rate of drying 
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--# 


100 


A-Mix -Room Temperature Drying 
A-Mix-100F Drying 
@ B-Mix- Room Temperature Drying 
50 @B-Mix- 100 F Drying 


9 C- Mix- Room Temperature Drying 
C-Mix- IOOF. Drying 


Damping Constant, Q 


0 
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Drying Time, days 
Fic. 7.—Effect of Air Drying on Q. 
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Fic. 8.—Effect of Oven Drying at 212 F. on Q. 7 


ore testing. The third group of 9beams had become very slow and to facilitate 
Was air dried at room temperature (65 to further drying, the beams were placed 
‘F.) for a period of 18 days during ina cabinet at 100 F. for 28 days, again 
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Fic. 9.—Relationship Between Modulus of Elasticity and Decrease in Weight. 


Modulus of Elasticity, E, dynes per sq.cm. x 10" 
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being removed periodically only long 
enough to allow the beam to come to 
room temperature before testing. 


The 


drying tests repeated, except that this 
time the third group was air dried 
throughout the 37-day period. 


sults 
are 

whic 
time 


rying 


= 


-Room Temperature Drying - First Run 
-100F. Drying 
- Room Temperature Drying- 
- Room Temperature Drying - 
- 100 
- Room Temperature Drying - 
- Room Temperature Drying - 
- 100 F. Drying 
- Room Temperature Drying - 


Second Run 
First Run 


Second Run 
First Run 


Second Run 
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Modulus of Elasticity, E, dynes per sq.cm. x 10" 


beam 
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Air drying. | 
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Decreasein Weight, 


cabinet produced an abrupt change in 
the modulus of elasticity, and for this 
reason both the second and third groups 
were soaked in water until they had 
regained their original weights and the 


in the 100 F. 


6 


per cent 


Fic. 10.—Relationship Between Modulus of Elasticity and Decrease in Weight. 
Oven drying at 212 F. 


The results of the tests on the first | 
group showed that E increased gradually 12, j 
during a 70-day period after the initial 
curving, the total increase being approx" 
mately 9 per cent whereas the value of ( 
showed practically no change. 
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sults of these tests on groups 2 and 3 modulus of elasticity increases with the 
are shown in Figs. 5, 6, 7 and 8, in richness of the mix, not only for the 
which E and Q are plotted against the saturated condition but for all subse- 
time of drying; and in Figs. 9,10, 11and quent tests throughout the period of 
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Oven drying at 212 F. 


12, in which E and Q are plotted against drying. Figure 5 indicates that when 
the percentage decrease in weight. In the specimens are air dried there is a 
these curves each point is an average small initial decrease in modulus of 
Value for three beams. elasticity amounting to approximately 

Figures 5, 6, 9 and 10 show that the 5 per cent for all mixes, but after 3 days 


this 
| 
0 
ag. 
| 
| 
| 
firs 
dually 
initia . 
prox 
ue of ( 
The 


the values become nearly constant. 
When these specimens were first dried 
at 100 F. after 18 days in air the modulus 
decreased abruptly. However, for all 
subsequent drying at 100 F. the decrease 
—wassmall. The largest change in modu- 
lus of elasticity during the 46-day drying 
period (18 days at 65 to 70 F. and 28 
days at 100 F.) was for the leanest mix, 
amounting to a decrease of 22 per cent. 

Figure 6 shows the effect on modulus 
of elasticity when the specimens are 
oven dried at 212 F. In the first 48 hr. 
there is a large decrease in modulus of 
elasticity for all grades amounting to as 
much as 48 per cent for the leanest mix, 
but after this period the rate of decrease 
is small. 

The curve showing the change of Q 
with the time of air drying (Fig. 7) 
indicates that in the first 10 days Q 
increased rapidly for all grades of con- 
crete and continued to increase through- 
out the remaining period, the total in- 
crease being over threefold for the leanest 
mix. The effect produced by drying at 
100 F. is shown by the discontinuity in 
the curves and it is to be noted that for 
the subsequent 100 F. drying tests the 
values of Q converge for the different 
mixes. 

Figure 8 shows the change of Q with 
time for oven drying at 212 F. in which 
the outstanding point is the rapid and 
nearly linear increase in Q. Also of 
interest is the erratic behavior of Q for 
the 4-sack mix after drying 44 hr. All 
grades show approximately sevenfold 
increase in Q in going from the saturated 
to dry condition. 

In Figs. 9, 10, 11 and 12, E and Q 
are plotted against the percentage de- 
crease in weight to show better the 
effect of the moisture content. The 
second drying cycle is also shown. In 
Fig. 9 for the initial air-drying period, 
E shows a small and nearly linear de- 
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crease with decrease in weight. The 
decrease in E when the specimens were 
first dried at 100F. is still apparent, 
which indicates that this decrease was 
not due only to a large loss of water 
but, rather, to some effect resulting 
from heating the specimen. The initial 
point of the second-run curves shows 
that E will not return to its original 
value when resaturated. In the second 
run the specimens were not oven dried 
and the fact that these curves show no 
discontinuities further indicates that the 
discontinuities produced when the speci- 
mens were oven dried were due to tem- 
perature rather than moisture. 

The effect of drying at a higher tem- 
perature compared to air drying on the 
modulus of elasticity of concrete is best 
illustrated by comparing Fig. 9 with 
Fig. 10. The drying curves show that 
decreased more rapidly for oven drying 
than for air drying. It is also of interest 
to note that the values of Z for the first 
and second run are nearly the same 
after a weight loss of 2.0 per cent. 

Figure 11 shows the variation of Q) 
with loss of weight for air drying. The 
effect of drying at 100 F. produces no 
discontinuity in these curves such as 
shown in Fig. 7. This indicates that 0) 
is dependent primarily on the water 
content and not on any effect produced 
by increasing the drying temperature. 
This is better indicated in Fig. 12 which 
shows the effect of oven drying on ¥. 
Here the first- and second-run curves 
are nearly superimposed, which indicates 
that the internal friction is dependent 
primarily on the water content of the 
specimen and not on the previous drying 
history. A comparison of the curve 
for the 4-sack mix in Fig. 8 with the 
corresponding curve in Fig. 12 shows 
that the erratic behavior shown when ( 
is plotted against time disappears when 
Q is plotted against moisture. This 8 
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due to the fact that practically no water 
is lost after 44 hr. of oven drying for this 
grade of concrete. 

The free water in the different mixes 
was estimated!’ and it was found that 
the 4-sack mix had lost an amount 
equivalent to it after 50 hr. of oven 
drying, that is, about the drying time 
corresponding to where the value of Q 
first became erratic. Based on the 
estimate referred to, the free water had 
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FG. 13.—Effect of Size of Specimen on 
Modulus of Elasticity. 


t been entirely removed from either 
%2- or 7-sack concrete during the 
120-hr. oven-drying period. 


SIZE OF SPECIMEN — 


No mention is made in any previous 
port on the dynamic testing of con- 
rete as to whether tests had been made 
determine whether the size of the 


= free water was calculated from data given by 
Basic Principles of Concrete Making,” 
s) 2, McGraw-Hill Publishing Co., New York, N. Y. 
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1067 
specimen affected in any way the ac- 
curacy of the results. It is evident that 
as the size of the aggregate is increased 
for a mold of a given cross-section the 
distribution of large aggregate is less 
random and the question arises as to 
what maximum size aggregate can be 
used in a mold of given cross-section. 
To study this effect, 9 beams were made 
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Damping Constant Q. 


of each of 3 sizes, namely, 3 by 33 by 


14 in.; 4 by 5 by 18 in.; and 5 by 6 by’ 


20 in. The beams were made as previ- 


ously specified from the B mix, described — 
The maximum size of the — 
The beams 


in Table IV. 
aggregate was again 1 in. 
were cured for 28 days in a moist room 


and then removed and allowed to air dry. © 
During the drying period measurements | 
were made periodically of both and Q, 
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the results of which are given in Figs. 13 
and 14, 

Figure 13 shows the change in E 
plotted against the loss in weight. The 
dotted curves show the upper and lower 
limiting curves of the 9 specimens and 
the solid line the average value. The 
9 curves are fairly evenly distributed 
over the area between the limiting curves. 
For the 3 by 33 by 14-in. size, the spread 
between the curves for the individual 
specimens was 14 per cent of the average 
value, whereas for both the 4 by 5 by 
18-in. and the 5 by 6 by 20-in. sizes the 
spread was 7 per cent. As the cross- 
section of the specimen was decreased 
the average value of modulus of elasticity 
increased, not only for the initial points 
but for all corresponding points on the 
drying curve. No explanation has been 
forthcoming to account for this effect. 

The tests on the duraluminum beams, 
the results of which are given in Table I, 
show that for a homogeneous material 
the value of E is independent of the 
size of the specimen. On the other 
hand a limited number of tests on 
mortars, made subsequent to this in- 
vestigation,!* again showed that £ in- 
creased with the size of the beam. 

In Fig. 14 the spread and average 
value of Q is similarly presented. The 
curves for the large and medium-size 
specimens are very nearly identical. 
The curve for the small-size specimens 
shows that the spread is almost one and 


- one-half times as large as that for the 


medium- and large-size-beams, and the 
average value is about 20 per cent lower 
for corresponding points on the drying 


curve. 
CONCLUSIONS 


The results presented herein were 
compiled with the hope that they might 


18 Made by Fred F.*Bartel, Research Fellow, National 
Sand and Gravel Association Research Foundation, Uni- 
versity of Maryland. 
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be useful in standardizing the dynamic 
method of testing concrete. It is real. 
ized that in testing concrete the diversity 
of experiments will necessarily limit the 
degree to which standardization can be 
achieved, but the following suggestions 
are presented with the hope that wher. 
ever applicable they may prove useful; 

1. When the elastic behavior of con- 
crete is studied under the influence of 
some deteriorating agent it is often suffi- 
cient to present the results in terms of 
the frequency of vibration, in which case 
no correction need be applied. Hovw- 
ever, if the results are compared or are 
to be compared with the findings of 
other investigators, it is desirable to 
present them in terms of modulus of 
elasticity as this is a physical property 
of the material. 

2. If quantitative values of modulus 
of elasticity are determined it is neces- 
sary properly to correct the value of the 
modulus for the size and shape of the 
specimen. This can be done by using 
Eq. 4 and the correction curve presented 
in Fig. 1. 

3. The agreement between the values 
of modulus of elasticity calculated first 
from the longitudinal frequency by Eq.8 
and then from the transverse frequency 
using Eq. 4 justifies the use of this cor- 
rection. 

4. The theory for the damping con- 
stant is straightforward and needs no 
correction. 

5. The apparatus described herein was 
designed to measure not only the funda- 
mental transverse and longitudinal fre- 
quency but the overtones as well, and 
therefore it was necessary to have 4 
frequency range up to 15,000 cycles pet 
second. For the usual run of concrete 
tests it is necessary to measure only the 
fundamental transverse vibration and 
for this the frequency range of the oscil- 
lator need only be from 300 to 3000 
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cycles per second. For convenience, it 
is desirable to have the oscillator dial 
calibrated directly in frequency, and for 
most tests it is sufficient that the ac- 
curacy be within +2 per cent. 

6. If 0 measurements are to be made 
the oscillator should be provided with an 
increment dial for measuring small 

unges in frequency. 

7. No precautions need be taken in 
supporting or driving the specimen 

hen only E measurements are to be 
made. However, for Q measurements 
attention must be given to the drive 
and support to prevent energy losses 
through these contacts. An electro- 
magnetically coupled driver and a piano 

re support are described which reduce 
these losses to a minimum. 

8. The E - drying time curves show 

it it is sufficiently accurate to measure 
E when the specimen is saturated. How- 
ever, a better time would be after three 
four days of air drying because the 
ange of E with moisture has become 
nall after this initial period. 

9. Oven drying produces a large de- 

rease in /2 during the first 48 hr., but 

iter this initial period the change of 

Eis small. If for any reason it is de- 

rable to test the specimen when com- 

ratively dry it would be satisfactory 
oven dry the specimen to a given 
isture content corresponding to dry- 
g time of not less than 48 hr. How- 
ever it should not be overlooked that this 
roduces an irreversible change. Oven 
rying, even at the low temperature of 
F., decreases E. This decrease is 
t due to the loss of moisture alone, 
it to some unaccounted-for effect of 
having heated the specimen. A possible 
explanation of this effect is that even 
y-temperature drying liberates some 

t the combined water, the loss of which 

creases the value of E. 

10. The second-run tests show that 
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when a specimen is dried and then again 
saturated, the value of E does not return 
to its former saturated value but to 
some lower value; hence, in tests which 
require the specimen to be repeatedly 
saturated and dried it is possible that 
part of the decrease in E may be dué to 
other than the effects of the deteriorating 
agent. 

11. The effect of the moisture content 
of a specimen on the value of Q is very 
pronounced, amounting to as much as a 
sevenfold increase in going from the 
saturated to dry condition. For this 
reason it is suggested that in making 
cyclic Q measurements the specimen be 
tested each cycle at some prescribed 
moisture content value and that the 
moisture content be included in the 
description of the test. This applies to 
either air or oven drying. The effect of 
having heated the specimen does not 
affect the value of Q, a fact which may 
suggest tests in which Q measurements 
would be preferable to & measurements. 

12. The tests on the different sizes 
of the specimens show that for a 1-in. 
aggregate the variation in EF and Q 
between the individual specimens is 
twice as large and one and one half 
times as large, respectively, for the 3 by 
33, by 14-in. size as for either the 4 by 
5 by 18-in. or the 5 by 6 by 20-in. size. 
The 5 by 6 by 20-in. beams are incon- 
veniently heavy (weighing approxi- 
mately 50 Ib.) and therefore the 4 by 
5 by 18-in. size is recommended for a 
l-in. aggregate wherever possible.’ 
Moreover, as the value of / has been 
shown to depend on the size of the beam, 
the selection of one size would unify 
results. The 20 sq. in. cross-section for 


19 Rectangular rather than square cross-section is 
recommended so that there will be no difficulty in dis- 
tinguishing between the vibration in the different planes. 
The approximate thickness to length ratio of 1:4 is recom- 
mended, first to keep the natural frequency between 1000 
and 3000 cycles per second, and second, a ratio of 1:4 or 
smaller keeps the theoretical correction smaller. 
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a l-in. aggregate may suggest a basis 
for choosing a cross-section suitable for 
“ smaller or larger aggregates. 
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Mr. GeraLp Pickett.'—The authors 
are to be commended for pointing out 
some defects in formulas which have been 
ysed for calculating Young’s modulus of 
dasticity. The formula derived by 
Goens, which the authors have used, is 
no doubt the mcst accurate known. 
However, as is usually the case, the 
formula is still an approximation. It is 
based upon Timoshenko’s differential 
equation in which no provision is made 
for internal friction or forced vibration. 
Timoshenko’s derivation does not rigor- 

usly account for the interaction of shear 
ind rotary inertia, and no provision is 
made for the effects of lateral inertia. 

The principal effect of lateral inertia 
is proportional to the difference of two 
moments of inertia. Since this differ- 
ence is zero for square cross-sections, 
ateral inertia may be neglected in many 
nstances. 

The effect of internal friction upon 


Eassanels Physicist, Portland Cement Assn., Chi- 


DISCUSSION 


frequency may be shown experimentally 
by comparing: 

1. Frequency of free vibration. 

2. Frequency of maximum amplitude 
in forced vibration. 

3. Frequency at which displacement 
and driving force are 90 deg. out of phase. 

In the theoretical case of no internal 
friction these frequencies are identical, 
but as friction or damping increases they 
diverge. These facts should be recog- 
nized by one expecting to obtain an 
accurate determination of modulus of 
elasticity by the dynamic method. 

Messrs. LEONARD OBERI? AND 
Witpur I. Duvai? (author's closure 
by letter).—Corrections such as these 
suggested by Mr. Pickett would involve 
a prohibitive amount of computation 
and in view of the close agreement ob- 
tained between the theoretical and ex- 
perimental results (within 1 per cent) 
their inclusion was not felt to be war- 
ranted. 


2Physicist, and Junior Physicist, respectively, U. S. 
Degoreaant of the Interior, Bureau of Mines, College 
ark, Md. 
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STATISTICAL THEORY OF THE 
“METHOD OF LOADING 


EFFECT 


OF DIMENSIONS AND OF 
UPON THE MODULUS ‘OF 


RUPTURE OF BEAMS © 


By JoHN TUCKER, 


SYNOPSIS 


There is an inherent difference in the strength of duplicate test specimens 
no matter how carefully these specimens are made or tested. Such differ- 
ences are a natural characteristic of the materials and are more pronounced 


in some than in others. 
of small elements of volume within 
rupture of beams of different dimen 
loading. For example, the modulus 


The paper shows how the variations in the strength 


a specimen will affect the modulus of 
sions and beams subjected to different 
of rupture of a beam will be decreased 


with beam length and with beam depth and will be greater in centrally loaded 


beams than in similar beams loaded at third points. 


There has been developing within the 


past two decades a realization that for a 
given material there exists a systematic 
difference in the stress computed at point 
of failure in specimens of different size or 
in specimens which are subject to differ- 
ent methods of loading. ‘The initial ap- 
preciation of the problem was qualitative, 
as illustrated by the statement of Gon- 
nerman and Shuman (1)? that with third- 
point loading of concrete beams the con- 
ditions for locating by chance the weak- 
est section of the specimen are more 
favorable than with cantilever and cen- 
ter loadings. 

Griffith (2) in 1921 discussed the differ- 
ences he found in the tensile strength of 
glass fibers of different diameters, and 
explained this variation by the presence 
of “flaws” on the surface of the glass. 
Gooding (3), using smaller specimens 


1 Chief, Concreting Materials Section, National Bureau 
of Standards, Washington, D.C 

2The boldface numbers in parentheses refer to the 
reports and papers appearing in the list of references 
appended to this paper, see p. 1087. 


than Griffith, found the same trend. 
Bailey (4), analyzing the modulus of 
rupture of glass rods, established a semi- 
empirical relation between the strength 
per unit area and the size of specimens. 
A weakness of his method of analysis 
was the increasing uncertainty of the 
predicted strength as the length of t! 
specimens increased. 

The author (5) established the funda- 
mental principles of the application of 
the mathematics of probabilities in cor- 
relating the compressive strength 
specimens with different cross-sections 
and lengths, substantiating the ayn 
with tests of concrete. Weibul (6) | 
dependently gave an elegant solution by 
generalizing and simplifying the prob- 
lem, and developed mathematical equa 
tions for specimens subject to tensid! 
compression, bending, and torsion. Hi 
simplified the solution by means of t 
assumptions: (1) that the strength-ire 
quency curve is of a special type, and (2 
that failure will occur in the specim 
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when the stress in the weakest element 
of volume within the specimen is the 
same as the stress that would cause that 
element, if tested independently, to fail. 

There are not sufficient data available 

to deduce satisfactorily the degree to 
which Weibul’s first assumption is cor- 
rect, but by its use a sufficiently accurate 
answer can probably be obtained. The 
second of Weibul’s assumptions is un- 
doubtedly correct for certain cases, such 
as for chains subject to tension. How- 
ever, as Shown by the author (5), this 
assumption in other cases may be incor- 
rect and different assumptions may be 
valid; as for example in the case of 
compression, it was shown that the over- 
all strength of a specimen units in 
cross-sectional area with proper cor- 
rection for length equals the sum of the 
strengths of m specimens of unit area, 
separately tested. 

This paper outlines the general and the 
detailed method of computing by the 
mathematical theory of probability the 
difference in modulus of rupture caused 
by difference in dimensions and methods 
ofloading. It is a special purpose of this 
paper to develop elementary methods for 
these computations. ‘Their application 
loes not require previous knowledge of 
statistics or the theory of probability. 

[deal duplicate specimens to test the 
theory are difficult to secure and the re- 
sults may be influenced by many factors. 
systematic variations may be present, 
such as obvious differences in the con- 

rete proportions of supposedly dupli- 

ite beams, or in the concrete within a 

fam. Variables may be introduced in 

i testing, as for example, local effects 

tthe points of application of load, and, 

gain, torsion may be present in differ- 
‘it amounts in the testing of beams of 
llérent spans. The variation in the 
strength of the material, however, is one 
‘actor governing the modulus of rupture 
of beams of different dimensions and sub- 
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jected to different methods of loading, 
and this paper attempts to evaluate 
some of the effects of this factor. The 


degree of agreement between theory and 
practice will be demonstrated as far as 
possible by citation of tests on concrete 
beams, but the theories presented should 
be applicable to other materials. 


THEORY 


General: 


The general method of analysis con- 
sists in computing the probability of 
failure of the specimen under given test 
conditions from the strength dispersions 
of the elements of volume of which the 
specimens are composed, or of the areas 
corresponding to sections cut through 
the specimens. The elements of volume 
or of area are arbitrarily selected, and 
are chosen in such manner as to aid in 
the solution of the problem. The size 
of the elements chosen compared to that 
of the specimen may be very small, such 
as thin cross-sections of a beam, or it 
may be relatively large. 

Preliminary to the use of mathe- 
matical probabilities in computing the 
effect of dimensions upon the maximum 
stress at failure of specimens under load, 
the method of failure must be assumed. 
Two theories of failure have been ad- 
vanced by the author (5) and applied 
to the short column in compression. 
The first theory involves the assumption 
that failure of the specimen will occur 
when the stress in any one of the com- 
ponent elements is just sufficient to cause 
at least one element to fail. It should 
be noted that it is not assumed that 
failure will necessarily occur in the ele- 
ments subjected to the greatest stress 
by the loading (as in the extreme fiber of 
a beam) but that it may occur in a 
weaker element subjected to a lesser 
stress. For convenience this will be 
designated as the weakest-link theory. 


| 
| 
| 
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« TABLE I.—VALUES OF THE MEAN AND OF THE 
STANDARD DEVIATION OF THE STRENGTHS 
OF CHAINS OF n LINKS.* 


Although Tippett i pessents these values to six figures 

for the means and four figures for the standard deviations, 

these have been reduced to two places beyond the decimal 

in this table, as a greater number is not significant in most 
experimental work. 


Number of Links, | Mean Strength a. 
" of Chain of Chain 
| Mi 
M,—0.5601 0.83 
0.67 o1 
M,—1.5401 0.59 a1 
M,—1.87 0.53 01 
M,—2.320 0.4601 
M;—2.7501 0.4001 
M,—3.04 01 0.37 a1 
M,—3.2401 0.3501 
100 000........ M\—4.38 01 0.27 

* @ M, is the mean strength of individual links, anda 


links in the parent group of links from which the chains 


a is the standard deviation of the strengths of individual 
are made. 


Weibul’s analysis (6) is based wholly on 
this theory. 
While the weakest-link theory is the 


only one tenable for the solution of some 
problems, another theory which will be 
called the strength-summation theory 
appears to apply to other problems and 
to give results more closely approximat- 
ing test data. This summation theory 
involves the assumption that the 
strength of a specimen is equal to the 
sum of the strengths contributed by the 
component parts, or elements. Tests 
by the author (5) indicate that this theory 
more nearly agrees with compression 
test data for relatively short prisms or 
cylinders than does the “weakest-link” 
theory. 

Under either theory it is assumed that 
the individual elements or imaginary 
subdivisions, of which the specimens are 
composed, are assumed to be uniformly 
heterogeneous (7), or drawn at random 
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Fic. 1.—Theoretical Frequency Distributions of Strengths of Chains of m Links. 
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from the same “parent population” or 
parent group, in which the strengths of 
individual elements are distributed norm- 
ally. (Solutions could also be obtained 
for any other distribution.) 


The Weakest Link Theory: 


(a) Links in Series.—As an illustra- 
tion, we may select the chain, in tension, 
which calls to mind the well-known ex- 


the strength-frequency distribution of 


individual links in the parent group. 


Tippett (8) has given tables for the 


mean and the standard deviation of the 
least values in samples of m specimens 
for values of 2 up to 1000. The samples 
may be considered as chains, and the 
specimens as links. These means and 
standard deviations are given in Table I 
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5.56, -5.06, -4.56, -4.06 -3.56, —3.06, -250, -2.00, -1.56, -1.06,-0.56, 


Load, in terms of mean strength of single samples . 


Fic. 2.—Theoretical Cumulative Distributions of the Strength of Chains of nm Links. = 


me is the mean strength of individual links in the parent group; a1 is the standard deviation of the strengths of these 
nks, 


pression that ‘a chain is no stronger than 
its weakest link.” First consider the 
individual links of which the chain is 
composed. These links in the parent 
group will have a mean strength M,, 
and a standard deviation o;. If we test 
4 group of chains of m links each, the 
weakest link in each chain will fail, and 
consequently the mean strength of chains 
of m links will be less than the mean 
strength, M,, of the individual links. 
The strength-frequency distribution of 


In constructing this table the distribu- 
tion of strengths of individual links in 
the parent group was assumed to be 
normal. Figure 1 gives graphically not 
only the data of Table I but the com- 
plete frequency curves for the values of 
n shown. It will be observed that on 
the average as the number of links per 
chain increases, the strengths of the 
chains decrease, the spread (or standard 
deviation) of the strengths of the chains 
decreases, and the distribution curves for 
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chains of m links may be computed oe | 
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the strengths of the chains become more _ ing this load is Pp = (P;)? = (0.9+) 
skew. The skewness of these curves is = 0.81+. The probability of a 10-link 
slight, however, and it would require chain withstanding the same load js 
many observations to detect even the Pi = (P;)'® = (0.9+)!° = 0.35+. 
skewness of the curve for m = 100,000. The more the cumulative frequency 
The mean and median values do not curves of Fig. 2 depart from a straight 
differ from each other materially for line the greater the skew of the frequency 
any of the curves. The reduction in curves of Fig. 1. 
_ strength of the chains with increase in (b) Links in Parallel.—Let us now 
_ the number of links is also relatively consider the links arranged in parallel, 
small, being only 4.35 o; for » = According to the weakest link theory 
100,000. the weakest link will fail when the load 
The frequency curves of Fig. 1 were on that link is equal to its strength when 
; obtained from the cumulative frequency tested as an individual link. Without 
7 curves of Fig. 2. Curves similar to further increase in the total load this 
; those given in Fig. 2 for a group of links _ failure will immediately increase the load 
of any number n, may be computed in the remaining links by the factor 


he strength frequency curve for n ' 
‘The next weakest link may not 


individual links in the parent group as n— 1° 
follows: fail under the resulting load; upon fur- 
If the probability of a single link _ ther increase in the over-all load a limit 
_ withstanding a load M, is P;, then the — will be reached at which the next weakest 


Gaaee of a chain of links with- link will fail, and so on, until the load 


standing the same load is becomes sufficient to cause all the re- 
maining links to fail. As stated, the 
assembly would not necessarily fail at 
the loading which produces a load on 
each link equal to the strength of the 
weakest link. It would fail at this load- 
ing, however, if the increase in load on 
the remaining links resulting from fail- 
ure of the first link were sufficient to 
cause the next weakest link to fail and 

all 
nding ony then the nest ad one 

probability of a chain of 2 links = series this mechanism of failure, but concludes 
_ withstanding the load Mi is (Pi? = that the difference in strength from that 


2 has this computed value of 0.25 at theory is negligible. 


the load M,. The probability of a 
} chain of 10 links withstanding the same The Strength-Summation Theory: 
load M, is Py = = (0.5)" = 

0.000976 which value is also indicated 


in Fig. 2. of the type which has just been discussed 
From Fig. 2 we see also that the prob- wouyld equal the sum of the strengths o! 

_ ability P; of a single link withstanding a the individual links. This theory more 
load of M, — 1.30 o is 0.9+. The nearly accords with the results of com- 
probability of a 2-link chain withstand- pression tests on concrete cylinders 


Fe (P)" 


To obtain the cumulative frequency 
curve for the chain of 2 links we select 
adequate number of probabilities P; 
1 on the single-link strength probability 
curve and compute the corresponding 
P,, for each of these. To illustrate, if 
_ P,, the probability of a single link with- 


By the strength-summation theory, 
the strength of a parallel-link assembly 
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various diameters than does either form 
of the weakest-link theory. In this 
summation theory, the strength dis- 
persion of the assemblies would increase 
with the number of links per assembly. 
If the standard deviation of the strengths 
of the individual links in the parent 
group be again designated as o, then the 
standard deviation of the strengths of 
assemblies of m links would be, by the 
usual theory, 


On the other hand, the standard 
deviation of the mean strength of the x 
links would be 


ANALYSIS OF BEAMS DIFFERING 


WIDTH 


IN 


Theory: 


Let us assume that, according to the 
summation theory of failure discussed 
above, the strength (the bending moment 
required to cause failure) of a beam n 
units in width is the sum of the strengths 
{n beams of unit width. Then the 
ean strength of beams units in width 
snB, where B, is the mean strength of 
beams of unit width. If the standard 
leviation of the strengths of beams of 
init width is J; then the standard devia- 
tion of the strengths of beams m units 

width will be 

By the theory of the strength of 
materials, the modulus of rupture s of 
rectangular beams is 


a constant, 
the bending moment re- 


quired to cause failure of 


beams 2 units in width, 
d = the depth. 


and 


= 
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If, as according to the me 3 


By 
theory Bn then s becomes 


and therefore for a given depth the 
modulus of rupture is independent of — 
width, and is proportional to By. 

Consequently, if is the 
deviation of the moduli of rupture of 
beams of unit width, then, by Eq. 3, the 
standard deviation of the moduli of 


> 


Ww 


nN 


Standord Deviation of the 
Modulus of Rupture, per cent 


6 8 
Width of Beam, in. 


Fic. 3.—Relation of the Standard Deviation of 
the Modulus of Rupture to Width of Beam. 
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rupture of beams m units in width will 


01 
be -= 
V1. 


Test Data: 


Reagel and Willis (9) present test data 
on a large group of concrete beams. 
The beams were of four lengths. For 
each length there were beams 4, 6, 8, and 
10 in. in width, and for each width there 
were beams 4, 6, 8, and 10 in. in depth. 
Three beams of each cross-section and of 
each length were tested in each of four 
laboratories, a total of 768 beams of 
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Reagel and Willis found average 
moduli of rupture of 801, 813, 816, and 
817 psi. for beams of widths & 6, 8, and 
10 in., respectively. 

Figure 3 gives the standard deviations 
of the moduli of rupture of the Reagel 
and Willis beams of four widths, from 
their Table 4. Each point represents the 
48 beams of square cross-section but 
containing four groups of four lengths. 
The solid curve in Fig. 3 was computed 
using the summation theory for the 
effect of width only, the effect of depth 
apparently having been nullified by the 
test method. The curve was computed 
from a dispersion of 7; = 6 per cent for a 
beam 4 in. square. The dotted curve 
was computed according to the weakest- 
link theory for the effect of both width 
and depth. ‘The data on the dispersions 
do not indicate whether the weakest-link 
or the summation theory is superior, 
but clearly confirm in general the 
principle of the statistical theory. 

The moduli of rupture of the three 
widest beams were slightly greater than 
those of the narrowest, but the difference 
is not significant and the tests indicate 
that the modulus of rupture is practically 
independent of width, in accordance with 
the summation theory. The 10-in. wide 
beam is 2.5 times the width of the 4-in. 
or unit width beam. Interpolation in 
Table I for a value of 2.5 gives a reduc- 
tion in strength of 0.73 o; by the weakest- 
link theory. The modulus of rupture of 
the 4-in. beam is 801 psi., its standard 
deviation approximately 6 per cent. 
The theoretical reduction in modulus is 
therefore 801 X 0.06 X 0.73 = 35 psi. 
Thus it is clearly seen that the weakest- 
link theory does not apply in this case. 

Gonnerman and Shuman (1) present 
results on three groups of concrete 
beams, tested as cantilevers, by center, 
and by third-point loading, the widths 
varying from 3 to 12 in. for each of the 


three methods of loading. The results 
were erratic in that the strengths at any 
one width, for any type of loading, varied 
appreciably from the average strength 
curves for all widths. There is, however, 
no indication that the width affected the 
strength. No data were presented on 
the strength dispersion for the beams of 
the several widths, so that the relative 
values of the standard deviations of the 
modulus of rupture at the different 
widths could not be calculated. 


ANALYSIS OF BEAMS DIFFERING IN 


LENGTH 


Consider a beam of uniform cross- 
section, subject to uniform bending 
moment throughout its length. If we 
arbitrarily consider the beam of length / 
to consist of m sections of equal lengths 
1/n, which we will term A, the probability 
of failure within any one of these sections 
is the same as the probability of failure 
in any other section. 

When failure occurs in one of the 
lengths, the whole beam fails, and the 
weakest-link theory of failure is ap- 
plicable. If P; is the probability of any 
one length withstanding a given bending 
moment, then the probability of the 
whole length of the beam withstanding 
the same bending moment is P, = 
(P;)"(Eq.1). From this we may compute 
the mean value of the moduli of rupture 
and the standard deviation for beams of 
length / in terms of the mean modulus of 
rupture and the standard deviation of the 
moduli for beams of length A. Hence, 
if the mean of the moduli of rupture and 
their standard deviation for beams of 
“unit” length A are M, and respec 
tively, (Table I), then since / = mA the 
mean values of these parameters for 
beams of length / will be those cor 
responding to the values for m links in 
Table 


Theory: 


Test j 

Th 

Willi 

point 

unifo’ 

point 

occur 

of th 

may 

the d 

and § 

ment 

and 

avera 

of 3.8 

this g 

of 

Table 

is do 

stren; 

0.56 « 

22 ps 

192 b 

Tuptu 

of bee 

| tion 

reduc 

Go 

data 

point 

to ap 

lengt! 

beam 

unaff 

| modu 

. | trally 

show 

| defini 

| lengt! 

|: the b 

| reduc 

| 

| Com 

Th 

In 

the } 


Test Data: 


The beams tested by Reagel and 
Willis (9) were loaded at their third 
pints. As the bending moment is 
uniform between these applied third- 
point loads, and the chance of failure 
occurring outside of this central portion 
of the beam is negligible, these beams 
may be considered as of length equal to 
the distance between the applied loads 
and subjected to uniform bending mo- 
ment throughout their length. Reagel 
and Willis report for the beams an 
average deviation of modulus of rupture 
of 3.86 per cent. Using Peters’ formula*® 
this gives a computed standard deviation 
of 4.8 per cent (their Table 4). From 
Table I where » = 2 (or the beam length 
is doubled) the theoretical reduction in 
strength compared to m = 1 will be 
0.56 o, = 0.56 X 4.8 = 2.7 per cent, or 
2psi. Reagel and Willis found that for 
192 beams of 18-in. span the modulus of 
rupture was 817 psi., for the like number 
of beams of 36-in. span 806 psi., a reduc- 
tion of 11 psi., half the theoretical 
reduction. 

Gonnerman and Shuman (1) present 
data on cantilever, center, and third- 
point loaded beams varying in length up 
to approximately five times the shortest 
length. The moduli of rupture of the 
beams loaded at third points were 
unaffected by length changes but the 
modulus of rupture of the beams cen- 
trally loaded and loaded as cantilever 
showed, in accordance with our theory, a 
finite reduction in modulus with 
ength. As the strength dispersion of 
the beams was not given, the theoretical 
reduction is not known. 


ANALYSIS OF BEAMS CENTRALLY LOADED 
Computed from Uniform Loading: 
Theory: 


, In beams subjected to center loading 
‘é bending moment increases linearly 
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from zero at the supports to a maximum 
at the center. The likelihood of failure 
at each point in the beam, from support 
to center, therefore varies, increasing 
from zero at the support to a maximum 
value at the center. The weakest-link 
theory is applicable for statistical analy- 
sis for as soon as the failure of the 
“weakest” element of length A occurs, 
the beam as a whole has failed. 

The probability of the small element A 
having a modulus of rupture greater 
than an assigned value may be computed 
from test data on beams of the same 
cross-section and of identical material, 
subject to uniform loading throughout 
their length. From the mean modulus 
of rupture and its standard deviation 
for a beam uniformly loaded throughout 
its length, we may compute the similar 
parameters of the elementary beams of 
lengthA. This is the reverse of the usual 
procedure, and is equivalent to deter- 
mining the strength and the standard 
deviation of the strengths of single links, 
from the strength and standard devia- 
tion of the strength of chains of m links 
(see Table I). 

In the centrally loaded beam under 
any given loading the probability of any 
section A; withstanding the loading to 
which it is subjected will be different 
from that of any other section A; on the 
same side of the center. From the 
strength distribution of the small sections 
A we know the probability P, of section 
A; withstanding the bending moment B, 
to which it is subjected. PP: will be the 
probability of the section Az withstanding 
the equivalent bending moment By, to 
which it is subjected, etc. The proba- 
bility of one half the centrally loaded 
beam withstanding the loading is the 
product: 


P,- = 


3 See Johnson’s “‘Theory of Errors,’’ Marks Mechanical 
Engineering Handbook, McGraw-Hill Book Co., Inc., 
New York, N. Y. (1930). 
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The centrally loaded beam is of length 
2nQ. The probability of the total beam 
withstanding the loading is therefore, 
by Eq. 1, (Pm)? = Pom. 

We now know the probability P2,, of 
the beam withstanding the loading to 
produce the maximum bending moment 
B,, (at the center of the beam) and we can 
compute by Eq. 4 the modulus of rupture 
S, of the beam which fails at this bending 
moment B,. Hence, the probability 
Pom of the beam having a modulus of 
rupture greater than s, is now known, 
and we can compute the probabilities 
for as many values of s, as we desire, 
and obtain a cumulative frequency 
curve. 

Thus summarizing, from the strength- 
frequency characteristics of the uni- 
formly loaded beam we obtain the 
strength-frequency characteristics of the 
very short beam length A; from these we 
may calculate the probability of each 
of the small sections A; of the centrally 
loaded beam withstanding an assigned 
loading, and from these probabilities we 
can compute the strength-frequency 
characteristics of the centrally loaded 


beam. 


Test Data: 


We have test data by Kellermann (10) 
for beams loaded at third points. If 
these beams are designated as length 3L 
they are equivalent in their strength 
properties to beams of length Z subject 
to uniform bending throughout. Let us 

L 
now set A = 100 
to L. Then from Table I we may com- 
pute the strength characteristics of the 
beam of length 3Z from the character- 
istics of the beam of length Z (the mean 
modulus of rupture and its standard 
deviation) which we know experimen- 
tally. In Table I the mean strengths 
and standard deviations of chains of n 


that is, small compared 
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links are given in terms of the mean and 
standard deviation for individual links, 

Thus from Table I we have, by 
analogy: 

M, = mean modulus of rupture of 

beams of (unit) length A, 
standard deviation of the 

modulus of rupture of 

beams of (unit) length A, 

= mean modulus of rupture of 
beams of length ZL = 1004; 
M = M, — 2.51 and 

= standard deviation of the 
modulus of rupture of 
beams of length L = 1004; 
0100 = 0.43 01. 

From Kellermann (10) let us arbitrarily 
set gi00 = 6.3 per cent, the average 
value of the standard deviation of the 
modulus of rupture of all beams tested 
at third points. From Table I oi = 


0.43 o;. Therefore o; = 


per cent. 

Consequently M, = + (2.51 X 
14.6 per cent) = Moo + 36.6 per cent = 
1.366 M ww. 

We have now computed the mean 
modulus of rupture of the beam of 
elementary length A and its standard 
deviation. On the assumption that the 
distribution of strengths of the elemen- 
tary beams is normal, we can find, from 
the normal probability tables, the proba- 
bility of the elementary beam having 4 
modulus of rupture greater than an 
assigned value. As explained previ 
ously, the probability of the beam 
withstanding a given extreme fiber stress 
is the product of the probabilities of al 
of the small sections withstanding the 
extreme fiber stresses to which the beam 
loading subjects them. It was note? 
that the centrally loaded beams are 0! 


3L 
length 3Z, each half being of length oh 


These beams therefore contain 300 
elements of length A or 150 elements 
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one half of the beam. By using the 
30 sections nearest the center, and 
neglecting the remainder, we get a value 
for probability differing by less than 
0.2 per cent from that obtained by 
including the entire 150 sections in the 
computation. 
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rupture of beams subjected to uniform 
bending. This distribution is given in 
Fig. 4. The standard deviation of the 
modulus of rupture of the centrally loaded 
beam was computed to be 6 per cent. 
Kellermann found a value of 6.7 per 
cent experimentally. 


in Centrally Loaded Beam 
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Modulus of Rupture of Centrally Loaded 
Beam Expressed in Terms of Meon Modulus 
of Rupture of Beam Loaded at Third Points 


Fic. 4.—Cumulative Distribution of Modulus of Rupture of Centrally Loaded Beams. — 


Using data by Kellermann (10) on beams 

oaded at third points, the computation 
indicated an increase in modulus of 
tupture of the centrally loaded beam of 
IL.7 per cent above the modulus of 

rupture of similar beams loaded at third 
points. Kellermann’s tests showed an 
increase of 13.5 per cent. 

Probabilities were calculated at a 

sufficient number of loadings to give the 
tequency distribution of the moduli of 
upture of centrally loaded beams ex- 
pressed in terms of the mean modulus of 


A normal distribution when plotted 
on the probability paper coordinate 
system used in Fig. 4, gives a straight 
line, and the distance along the abscissa’ 
between the point on the curve cor- 
responding to 50 per cent probability and — 
that corresponding to either 16.3 or 83.7 
per cent probability represents by defini- 
tion the standard deviation. The dis- 
tribution shown in Fig. 4 is skew, and the 
curve is not straight. In this case a_ 
tangent drawn to the curve at the point — 


corresponding to 50 per cent probability ‘ | 
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may be used instead of the curve itself 
to estimate the standard deviation with 
approximately correct results. 

Gonnerman and Shuman (1) found a 
definitely larger modulus of rupture in 
the centrally loaded beam than they 
found in the beams loaded at third 
points. As there were no data presented 
on the dispersion of the modulus of 
rupture of the beams, the theoretical 
difference in modulus in the two types 
of beams cannot be computed. 

Bailey (4) reports tests showing the 
modulus of rupture of centrally loaded 


Computed from Point of Fracture: 


Obviously the value of the modulus of 
rupture of centrally loaded beams would 
be less on the average if calculated from 
the moment at the point of fracture than 
if, as is customary, it is calculated at the 
center, where the moment is a maximum, 
It is now proposed to show the relation 
of the average modulus of rupture cal- 
culated in these two ways. This may be 
accomplished by the aid of computations 
made in determining the frequency dis- 
tribution of the*modulus of rupture of 
the centrally loaded beams. In those 


Meon Distance of Failure 
from Center of Beam 
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1.1259 
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1.00So 
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Bending 


Centrally Loaded Beam 
Fic. 5.—Probability of Failure Along Axis of Centrally Loaded Beam. 


Note.—S, is the mean modulus of rupture of beams of same dimensions loaded at third points 


glass rods to be 45 per cent greater than 
the modulus of similar rods tested at 
third-point loading. The strength dis- 
persions of these specimens are not 
published. The dispersion of the modu- 
lus of rupture of another set of rods 
tested by Bailey at third points is 
expressed by the standard deviation of 
16 per cent. The relative value of 
16 per cent for standard deviation 
compared with 45 per cent for strength 
increase is not discordant with the value 
of 6.3 per cent standard deviation as 
compared with 13.7 per cent increase in 
modulus of rupture as reported by 
Kellermann. 


| 


computations the probabilities P; for 
each of the small lengths A; withstanding 
the loading were obtained for each of a 
number of beam loadings expressed in 
terms of the mean modulus of rupture 
of the beam. For any given extreme 
fiber stress‘ at the mid-point the quantity 
(1 — P,) is the relative probability of 
failure (that is, not withstanding the 
loading) in the respective sections 4. I 
these probabilities (1 — P;) be plotted 
along the axis of the beam in the sections 
Ay, As, etc., (where A, is the section 
nearest the middle), the curve obtained 


‘Computed from the bending moment, upon the usual 
assumption of Hooke’s law being valid for the materia 
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represents the probability of failure in 
each of the sections. 

In Fig. 5 are plotted three curves each 
showing the relative probabilities of 
failure, at points along the axis, of the 
beam for a specified beam loading. The 
extreme fiber stresses, at the centers of 
the beams are, respectively, 1.20 s., 
1.12 s,, and 1.00 s,, where s, is the mean 
modulus of rupture of the beam loaded 
at its third points. These three curves 
are based on the probability computa- 
tions used in constructing the cumulative 
frequency curve of Fig. 4. It is to be 
noted that the relative probability of 
failure at any location on the beam axis 
depends upon the load to which the 
beam is subjected. The relatively large 
area under the curve for 1.20 s, results 
from the skewness of the distribution 
shown in Fig. 4. 

The mean distance of failure from the 
center of the beam is given for each of 
the three loadings. It is not necessary 
to make computations for a large number 
of loadings; the three values given show 
that the mean value is approximately 
5 per cent. This 5 per cent distance 
from the center would correspond to an 
equal percentage reduction in the actual 
modulus of rupture as compared to that 
computed for the center. Kellerman 
experimentally found an average reduc- 
tion of 6.45 per cent in modulus of rup- 
ture; the reduction in modulus in the 
twelve sets of beams tested by him 
varying from 4.4 to 10.6 per cent. 


Variation in Modulus of Rupture with 
Length of Beam: 


It can be shown by similar reasoning 
that the variation in the strength of 
centrally loaded beams with variation in 
length is the same as for beams subjected 


to uniform bending throughout their 
length. 
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ANALYSIS OF BEAMS DIFFERING IN 
DEPTH 


Theory: 


(a) Solution from Elementary Areas.— 
Let us consider a large group of like 
beams subjected to uniform bending 
through their length. Each bear will 
fail under a definite bending moment, 
from which the modulus of rupture of 
each may be computed. The group 
furnishes the distribution of the moduli 
of rupture of the sections of these beams 
where failure occurred. Considering 
only the cross-sections where failure 
occurred, on the tension side of the 
neutral axis, let us imagine this area 
subdivided into elementary rectangles, 
of length equal to the width of the beams 
and with two sides parallel to the neutral 
axis, all rectangles equal in size. Let us 
assume that there are m such rectangles 
wd 
2n 
of the beam and w its width. The strain 
in each of these elements under the 
bending which just causes failure in- 
creases linearly from zero at the neutral 
axis to a maximum at the extreme fiber 
or edge of the beam. The strain will 
vary within the elementary areas, but we 
shall assume 1 sufficiently large so that 
the change in strain from one edge of the 
element to the other is small in value 
compared to the average strain in the 
element. 

Let us now assume that Hooke’s law 
is valid within the beam, and therefore 
the stresses will likewise vary linearly 
from zero at the neutral axis to a maxi- 
mum at the extreme fiber. 

The elements will all be under different 
stresses, increasing linearly from zero at 
the neutral axis to a maximum at the 
extreme fiber. The probability that 
each element of area will withstand the 
stress to which it is subjected will be 


each in area, where d is the depth 


. different from that of all others, and the 
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probability of resisting failure decreases 
from a maximum at the extreme fiber, 
to zero at the neutral axis, but not 
linearly. If P; is the probability of the 
element adjacent to the neutral axis 
withstanding the stress to which it is 
subjected by the applied bending mo- 
ment, P, the probability of the second 
element withstanding its stress, etc., 
then the product of all these probabilities 
is equal to the probability of the section 
withstanding the bending moment, or, 


by Eq. 5. 
P;-P2-P3- = Pr 
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of the element should be determined 
within perhaps ten trials. 

Having the distribution of the 
strengths of the elements, the strength 
characteristics of beams.of any depth 
(that is, composed of any number of 
elements) may be computed. 

Figure 6 shows the relative probability 
of failure with distance from the neutral 
axis for Reagel and Willis beams which 
fail at the mean value of the modulus of 
rupture. It is apparent that the proba- 
bility of failure rapidly increases as the 
extreme fiber is approached; the proba- 


Relative Probability of Failure 


Neutral Axis 


oO 


10 20 


30 40 50 


60 70 80 90 100 


Distance from Extreme Fibre to Neutral Axis, per cent 


Fic. 6. -Probability of Failure at Points in Cross-Section of Beam. (Computed for 100 elements.) 


In our analysis we have assumed that 
if failure occurs in any one element, the 
beam will fail, even though the element 
which fails is not in the extreme fiber. 

We must next find the tensile strength 
distribution of the small rectangles, or 
elements of area. This distribution 
cannot be directly determined, but must 
be found by trial and error. The mean 
strength and the standard deviation of 
the strengths of these elements must be 
so chosen that they will give the correct 
value of the mean and standard deviation 
of the modulus of rupture of the beams. 

By judicious selection of tentative 
values for these two quantities, the 
correct mean and standard deviation 


bility of failure above the lowest tenth 
of the beam depth is very small. 

It is probable that the stress in the 
beam section, instead of increasing 
linearly as has been just assumed, 
increases parabolically, in the well- 
known pattern of the stress-strain dia- 
gram for concrete in compression. An 
analysis of the beam upon this assump- 
tion will show less decrease in strength 
with depth than that prognosticated by 
the hypothesis of linear change in stress. 

(b) Solution from Beam of Unit Depth. 

The method of the last section is 
extremely tedious and not suitable for 
practical computations. However 4 
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method that is easy to apply may be 
developed as follows: 

By Eq. 5, applied to a beam of any 
depth, 


pi- po- ps: = Pm..--. (6) 


where p; is the probability of any ele- 
mentary area 7 in the beam section 
withstanding its stress when the beam is 
subjected to an extreme fiber stress s,, 
and ~m is the probability of the beam as a 
whole withstanding this loading. 

Applying Eq. 5 to a beam of twice the 
depth described above, for elementary 
areas of the same size as those of Eq. 6: 


Select every odd term from Eq. 7 and 


we get 


and every even term, Eq. 7, and we get 


= Pe 


P,- P3-Ps5-++Pon-1 = Po 


Hence we see that 
P,- Pe Pom 
Now to a close approximation, 


pi = Pi 


pbs = Ps 
etc. is 


Hence P, the product of the right-hand 
terms, equals, to a very close approxima- 
tion ~m, the product of the left-hand 
terms. In this connection, note that the 
values of p; rapidly approach unity with 
increase in i as the neutral axis is ap- 


proached. 
We also have: 
pi = Pe 
po = 
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> Pex. The difference 
between p; and Po; is not great fori = 1, 
and rapidly becomes smaller and negli- 
gible. Ps is an approximation for pm 
differing in our computation of the last | 
section by but a small percent and, as ” 
increases and becomes large, Pg becomes | 
in the limit equal to py. 

Hence for m large Pe = P., and there- 
fore Pon = pm. By extension of the 
forgoing argument Pim = pm and there- 
fore the modulus of rupture of beams k 
units in depth follows the law of 
strengths of chains of & links. If the 
distribution of the modulus of rupture 
of the beams of unit depth is normal, 
then the values of Table I may be 
applied. 

The use of Table I enormously 
simplifies the computation of the mean 
modulus of rupture of beams of depth n, 
from the mean modulus of rupture and 
its standard deviation for beams of unit 
depth. 


Hence pn = 


Test Data: 


Reagel has test data on beams 4 to 
10 in. in depth. The reduction in 
modulus of rupture by increasing the 
depth two and one-half times (from 4 to 
10 in.) was computed from the standard 
deviation of the modulus of rupture of 
the 4-in. beam, using the method of 
elementary areas described in part (a)® 
of the previous section. For the compu- 
tation the elementary area was taken as 
one one-hundredth of the half-beam 
depth of the 4-in. beam. The 10-in. 
beam contained, therefore, 250 elemen- . 
tary areas in any cross-section. 

The computed reduction in modulus 
was 3.6 per cent. The reduction in 
strength found by Reagel was 11.5 per 
cent, much greater than the computed 
reduction. However, the Reagel con- 
crete beams were all tested with the 


§ See p. 1083. 
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upper surface, as cast, in tension. It 
would be expected that the greater the 
beam depth the greater the water gain 
at the surface and hence the weaker the 
upper fiber of the beam which was in 
tension in these tests. Such an effect 
would explain the greater-than-theoreti- 
cal reduction in strength that was found. 
It is unfortunate that there are no satis- 
factory test data by which the theoreti- 
cal reduction in strength may be checked. 

Interpolating in Table I to compute 
the mean modulus of rupture of Reagel 
and Willis beams of 2.5 units in depth, 
by the unit depth method of the last 
section,® we find that the mean modu- 
lus of rupture of these beams should 
be approximately 3.5 per cent lower 
than the beams of unit depth. This is a 


_ sufficiently close approximation to the 
value of 3.6 per cent found in the 


previous computation. 

Abrams (11) presents data showing a 
6.5 per cent reduction in modulus of rup- 
ture with increase in depth of third-point 
loaded concrete beams, from 4 in. to 10 
in. in depth. No data are available on 
the dispersion of the modulus of rupture 
of these beams, and therefore the theo- 
retical reduction in the modulus with 
depth cannot be computed. 

Gonnerman and Shuman (1) present 
data on concrete beams, showing de- 
creases in modulus of rupture of 3 per 
cent, 1 per cent, and 6.5 per cent, because 
of increase in beam depth from 3 to 7} in. 
(increase in the ratio of 1:23) for beams 
loaded as cantilevers, centrally loaded, 
and loaded at third points, respectively. 
Again, data are not available on the 
strength dispersion and the theoretical 


4 reduction cannot be calculated. 


SUMMARY AND CONCLUSIONS 


The mathematical theory of proba- 
_ bility has been used to compute from 


6 See p. 1085. 
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the mean value and the standard devia. 
tion of the modulus of rupture of beams 
tested by one method of loading, the 
same parameters of beams tested by 
another method of loading. Analogous 
computations were also made for beams 
of different dimensions. The computa- 
tions are based upon two mutually ex. 
clusive theories of the mechanism of 
failure of the beams, only one of which 
applies in any particular analysis. 

One of these was termed the “weakest- 
link” theory, and was assumed as a basis 
for computing theoretically the effect 
upon modulus of rupture of varying the 
lengths of beams and the effect of chang. 
ing from central loading to third-point 
loading. Since a uniformly loaded beam 
will fail when the stresses acting within 
the beam are sufficient to cause failure 
at any cross-section, the modulus of rup- 
ture of the beam as a whole is that of the 
weakest section or “link.” From the 
“weakest-link” theory, it follows that 
the mean value of the modulus of rup- 
ture and its dispersion decrease with in- 
crease in beam length. Various groups 
of data follow this pattern. In the only 
instance where adequate data were avail- 
able upon which to base the computa- 
tions, the theoretical magnitude of the 
reduction of modulus of rupture was 
greater than that found by experiment, 
but within experimental error. The 
computations indicated that the modulus 
of rupture of centrally loaded beams is 
theoretically greater than that of beams 
of equal length loaded at third points. 
The data confirm the theory. The com- 
puted average distance of the plane of 
rupture from the center of the beam was 
verified experimentally. 

The weakest-link theory was applied 
also, for lack of any better hypothesis, 
in the problem of the effect of beam 
depth upon modulus of rupture. In 
this case, however, a cross-section of the 
beam was considered not as intersecting 
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a single link, but as intersecting layers of 
links or fibers. It was assumed that one 
of the internal fibers, if relatively weak, 
may fail before an outer fiber, even 
though the stress is greater at the out- 
side, and that the failure of one such 
fiber will result in failure of the beam. 
If failure always originated at the outer 
fiber, then, according to our analysis the 
beam strengths and strength dispersions 
would be far greater than they are. The 
computations indicated that the modulus 
of rupture of beams decreases with in- 
crease of beam depth. This conclusion 
is in agreement with experiment; but 
since the dispersion in the data is not 
reported the theoretical and the actual 
reduction cannot be compared. 

The second theory was termed the 
“summation” theory, and was assumed 
as a basis for computing theoretically the 
effect of variations in the width of beams 
upon their strength and strength dis- 
persion. Under this assumption, the 
strength of a specimen is equal to the 
sum of the strengths contributed by the 
component parts or elements. This 
theory was used for. width variations be- 
cause it gave results more in accord with 
available data than were computa- 
tions based upon the “weakest-link” 
theory. On the basis of the “summa- 
tion” theory, the modulus of rupture of 
beams would not be changed with varia- 
tion in width; but the dispersion of the 
modulus of rupture would decrease with 


increase in width. Experimental results — 
are in reasonably good agreement with 
the theory. 

It was shown that increase in the size — 
of specimens may cause little or defi- 
nitely no reduction in the modulus of 
rupture (as with increase in width) or it 
may cause reduction in modulus of rup- 
ture (as with increase in length or depth 
of beam). The dispersion of the modu- 
lus of rupture of the specimens is reduced 
in either case. For engineering struc- 
tures, large in size in comparison with 
test specimens, the dispersions of the 
modulus of rupture will be relatively 
small, thus making a comparatively high 
degree of uniformity. 

Summarizing, the mean value and the 
standard deviation of the modulus of 
rupture of beams of concrete or other 
uniformly heterogeneous (7) materials 
is affected by change in beam dimen- 
sions as follows: 

1. The modulus of rupture is inde- 


pendent of the beam width. The ool 


ard deviation of the modulus of rupture 


of a beam x units in width is a where 


o, is the standard deviation of the beam 
of unit width. 


2. Increase in length, or increase in 


depth of beam causes decrease in the > 


modulus of rupture and decrease in its 
standard deviation. These decreased 
values are the same as those for the least 
values in groups of , as given in Table I. 
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DISCUSSION 


Mr. GERALD Pickett! (presented in 
written form).—Mr. Tucker has very 
clearly stated two statistical theories 
for the effect of dimensions upon the 
modulus of rupture of beams. He has 
questioned the application of the weak- 
est-link theory to elements in parallel 
and has proposed instead the strength- 
summation theory. He is to be com- 
mended for this step. His analysis 
of beams differing in width on the basis 
of this summation theory is excellent. 
However, the writer sees no reason 
why the theory cannot also be used 
for beams of varying depth and thereby 
have a wider application than claimed 
by the author. 

Unfortunately the author abandons 
his logical summation theory for beams 
of varying depth because it does not 
appear to fit the data and applies the 
weakest-link theory “for lack of any 
better hypothesis.” 

This lack of agreement is more ap- 
parent than real. The chief source of 
the error lies in our method of comput- 
ing the modulus of rupture, and there- 
fore the data from various sources 
were not in the proper form for his 
mathematical analysis. An important 
error in modulus of rupture data is 
explained below. 

One of the assumptions made in 
deriving the elementary flexure for- 
mula is that the beam is subjected to 
pure bending. This means a constant 
bending moment with external forces 
applied only at the ends and dis- 


Research Physicist, Portland Cement Assn., Chi- 
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tributed in a prescribed manner. Loads 
applied at the upper surface and sup- 
ports at the lower surface cause devi- 
ations from the elementary theory. 
When the length to depth ratio is 
large these deviations are small but 
this ratio is usually not large for labora- 
tory specimens of concrete. 

The correction in the flexure formula 
for the effect of length to depth ratio 
is treated by Karman and Seewald.? 
In the case of third-point loading the 
stress in an outer fiber at a section 
between the loads becomes 


Wd 


where the first term in the bracket is 
identified with the elementary formula 
and the f’s are corrections which may 
be taken from the curves on page 23 
of Seewald’s paper. The corrections 
B, and 2 for the two loads are given 
by his ys (¢) curve and the corrections 
B; and @, for the reactions are given 
by his yi (¢) curve. For such a loading 
the theoretical maximum tensile stress 
does not occur at a section midway 
between the loads except for a span- 
to-depth ratio of less than about two. 
For ratios greater than about two, 
calculations show that sections closer 
to the loads than the mid-section have 
slightly larger stresses. However, the 
error will be small and the work sim- 
plified if the stress at the mid-section 
is taken as the maximum. 

2Th. V. Karman and F. Seewald, Abhandlungen aus 


dem Aerodynamischen Inst. an der Technischen Hoch- 
schule, Aachen, Vol. 7, pp. 3-33 (1927). 


= 
| 
| 


1090 _ DISCUSSION ON MODULUS OF RUPTURE OF BEAMS 7 


Using Seewald’s curves and calcu- 
lating for an 18-in. span it is found that 
the tensile stresses of an outer fiber at 
the mid-section for 10- and 4-in. beam 
depths are approximately 11 per cent 
and 1 per cent greater, respectively, 
than that given by the elementary 
beam formula. Such theoretical values 
have been verified by photoelastic meth- 
ods such as for recent work of Jakkula* 
of the Texas Highway Dept. 

If the data used by the author had 
been corrected for the effect of length 
to depth ratio, better agreement with 
his theory would have been obtained. 

The author may have been puzzled 
by the data of Reagel and Willis‘ 
which shows practically noeffect of length 
upon modulus of rupture if the cross- 
section is not changed. The weakest- 
link theory which applies in this case 
because the sections are in series would 
indicate a lowered modulus but in 
reality this is offset by the effect of 
the increased length to depth ratio. 

Mr. G. R. Gause® (by letter)—Mr. 
Tucker’s paper presents a point of 
view which should be of much inter- 
est to all who are concerned with the 
testing of structural materials and in 
particular to those whose work is the 
standardization of test methods. His 
paper has demonstrated that, on the 
basis of certain assumptions, the ex- 
pected unit strength of a test specimen 
is a function of the size of the specimen. 
Although some of the assumptions 
made may not be valid in some cases, 
it is not unreasonable to believe that 
in certain cases the assumptions are 
satisfactorily met. And it is just these 
cases which make it imperative that 

3A. A. Jakkula, ‘‘An Investigation of Short Beams 
with Center and Third Point Loading,’’ Texas Highway 
Dept. Report, September, 1940. 

«F. V. Reagel and T: F. Willis, “The Effect of the 
Dimensions of Test Specimens on the Flexural Strength 
: rad Public Roads, Vol. 12, No. 2, April, 1931, 


5 Associate Statistician, Aberdeen Proving Ground, 


anyone engaged in testing the strength 
of materials should have in mind the 
basic ideas underlying Mr. Tucker’s 
theory. 

There seem to me to be three prac- 
tical contributions in this paper: 

First, the necessity of standardiza- 
tion of test methods is demonstrated 
once again, and this time from a con- 
sideration of factors not often taken 
into account. In order to ensure that 
different laboratories are measuring the 
same thing it is necessary that they 
use specimens of the same size and 
shape, and also that they use the 
same methods of loading. This fact 
has of course long been realized by 
many, but the explanation has often 
been hazy and unconvincing. Mr. 
Tucker’s paper demonstrates one reason 
why standardization of test methods 
is necessary. 

Second, the necessity of reporting 
some information as to the variability 
of test results is exemplified. The 
Society’s Committee E-1 on Methods 
of Testing has published an excellent 
Manual on the Presentation of Data. 
This manual gives methods for pre- 
senting the most important information 
about research data in the most con- 
densed form. If such methods are 
followed in technical papers, many 
new theories such as Mr. Tucker's 
can be tested without recourse to 
additional tests. 

Third, another step has been taken 
in the clarification of our thinking with 
regard to the strength of a material. 
From the classical viewpoint a struc- 
tural member is made up of a homo- 
geneous material, and its ultimate 
strength is completely determined by 
one constant of the material. From 
the statistical viewpoint the member is 
made up of a number of small parts or 
“links” and the ultimate strength of 
the member is a function of at least 
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wo constants of the material, the 
mean strength of the “‘links’” and the 
variability of the “link”. strengths. It 
is only when the strength of each 
“link” is exactly the same as the strength 
of every other “link” that the statis- 
tical viewpoint coincides with the clas- 
sical. 
In comparing Mr. Tucker’s treat- 
ment of the statistical viewpoint with 
the treatment used by Weibull® the 
wtstanding difference to be noted is 
the introduction by Mr. Tucker of the 
-called ‘‘strength-summation theory.” 
4s stated, this theory appears to apply 
to certain problems and to give results 
which agree better with test data. 
However, certain applications of this 
theory will lead to inconsistencies. For 
example, suppose we have a number of 
eams of width w and length / whose 
mean strength is M and whose strength 
standard deviation is o. We ask the 
westion: “What is the mean unit 
strength of beams of width 2w and 
length According to Mr. Tucker’s 
method we may proceed in two ways 
to compute the mean strength of the 
arger beams. First we may compute 
the mean strength and standard devi- 
ition of beams of length 2/ and width 
wv. This would be, according to Table 
F Mo, »= 0.5601; and oz, = 
1830. We would then compute the 
mean unit strength of two of these 
teams in parallel. This would be, 
ording to the strength-summation 
theory, the same as that of each beam 
of length 2/ and width w. That is, 
= My, — 0.560:. The other 
method of proceeding would be first to 
‘ompute the mean strength and stand- 
ad deviation of a beam of length / 
md width 2w. According to the 
rength-summation theory this would 


‘W. Weibull, “A Statistical Theory of the Strength 
svaterials,”” Proceedings, Royal Swedish Inst. Engineer- 
é Research, No. 151, pp. 1-45 (1939). 
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o/V/2 


be M2 = M;; and Cl, w = 


Then compute the mean strength for 
two of these beams in series. 
would be according to Table I: 


This 


M2120 = — 0.560120 


0.56 Xo 


Thus by the second method of com- 
putation the reduction in strength is 
only 1/+/2 times as much as it is by the 
first method of computation. In the 
same manner we find that the reduction 
in strength of a beam of length ml 
and width mw is, when computed 
according to the second approach, only 
1/+/ times as much as when com- 
puted according to the first approach. 
The inconsistency lies in the fact that 
two different assumptions as to the 
mechanics of failure have tacitly been 
made in following the two approaches. 
According to Mr. Tucker’s method one 
would follow one or the other approach 
depending upon what data one hap- 
pened to have at hand. This would of 
course lead to inconsistencies. On the 
other hand Weibull’s treatment® which 
considers nothing but the ‘“weakest- 
link theory” is consistent in itself and 
hence is satisfactory from a mathe- 
matical or logical viewpoint, the only 
question being, does the ‘“‘weakest-link 
theory” assumption always hold? It 
seems certain that in. some cases the 
“strength-summation” theory holds, but 
it remains to be shown how the theory 
can be applied with consistent results 
to specimens which simultaneously vary 
in width and length. 

With regard to the assumption by 
Tucker of a normal frequency dis- 
tribution and by Weibull of a “special 
type” distribution, it is worth while to 
remember that the normal distribution 
is so often used not because it alone 
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exactly represents the data but because 
it represents the data satisfactorily 
enough for the purpose at hand and 
because the assumption of normality 
simplifies subsequent mathematical com- 
putations. In the statistical treatment 
of the strength of materials Weibull’s 
assumption of a “special distribution” 
simplifies the subsequent mathematical 
computations and hence enjoys in this 
field that property which in the field of 
theory of errors is enjoyed by the normal 
distribution assumption. If this 
“special distribution” is found to agree 
with experimental data then it is to be 
preferred over the normal distribution in 
applications of the statistical theory of 
strength of materials. 

Mr. Tucker has advanced a theory 
which carries important implications and 
his paper should elicit further investiga- 
tions both theoretical and experimental. 

Mr. Joun Tucker, Jr.’ (author's 
closure, by letter)—The modulus of 
rupture of a beam, as computed by the 
mathematical theory of probability from 
the stress distribution predicated by the 
standard Euler-Bernoulli analysis is in- 
fluenced by numerous factors, such as 
the departure of the material from true 
compliance with Hooke’s law. More- 
over, variation in the modulus of elas- 
ticity from point to point within this 
material would, by the theory of prob- 
ability, cause variation in the location 
of the neutral axis, thus making the 
statistical analysis of beam strength 
still more complicated. It was, how- 
ever, deemed unwise, in a paper de- 
veloping the subject, to introduce any 
unnecessary complications, there- 
fore the analysis was limited to one 
based on the stress distribution of 
Euler-Bernoulli. 

Seewald’s little-known stress correc- 
tions, so pertinently cited by Mr. 


7 Chief, Concreting Materials Section, National Bureau 
of Standards, Washington, 
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Pickett, are of a”magnitude to Cause 
considerable error in the modulus of 
rupture values for the shorter beams 
discussed in the paper. The Seewald 
theory is also valuable in explaining the 
experimental tendency of short beams 
loaded at third points to break at sec- 
tions away from the loads. This js 
evident from the accompanying Fig, 1 
which gives the excess stresses as com- 
puted from Seewald’s curves, for the 
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Note-- Excess stress for 36-in. beam, 
4-in. deep, is negligible 


Fic. 1.—Seewald’s Corrections for Stress in Low- 
est Fiber of Beams Loaded at Third Points. 


extreme lowest fiber for beams of 18 and 
36 in. spans, and of 4 and of 10 in. 
depths. 

On first thought, the correction which 
should be applied to values of the 
modulus of rupture computed by prob 
ability theory would be the maximum 
excess as computed from Seewald’ 
curves; this would, it is true, be the 
correct procedure for the classical treat- 
ment where each unit volume of the 
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material is assumed to have the same 
siength as every other unit volume. 
However, in every known material the 
strength of each unit or element of 
volume varies. In a beam of such a 
material in which the stresses vary (as, 
jor example, the extreme fiber stresses 
in the centrally loaded beam which vary 
linearly from zero at the support to a 
maximum in the center) the author’s 
paper has demonstrated that in order to 
obtain the mean modulus of rupture of 
the beam it is necessary to compute the 
probability of failure of the beam from 
the probability of failure of every short 
edementary section in the beam. 

In applying Seewald’s corrections, we 
again cut the beam into elementary 
lengths, A, as in the centrally loaded 
beam, p. 1079. From the probability of 
each elementary length A withstanding 
the given loading we compute the prob- 
ability of the beam withstanding the 
given loading. We should take cog- 
nizance not only of the extreme fiber 
stress in each section, but of the stress 
distribution across the beam sections, 
which, according to Seewald’s analysis, 
will also vary from that distribution 
computed from the Euler-Bernoulli hy- 
pothesis. However, in computing the 
values given later, this latter stress dis- 
tribution has been neglected and it has 
been assumed that the distribution is 
inear for each section, with maximum 
ber stress in that section as given by 
Seewald. 

The computed decrease in mean 
modulus of rupture because of the 
seewald effect is as follows: 


Decrease in 


Beam Modulus of 
Length, Depth, Rupture, per 
in. in. cent 
18 4 1.0 : 
18 10 
36 4 0 . 
36 10 1.5 


The decrease in modulus of rupture 
aused by increasing the depth of beam 
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from 4 in. to 10 in. is 6.5 per cent in an 
18-in. span, 1.5 per cent in the 36-in. 
span. As the Reagel and Willis tests 
included an equal number of beams of 
18-in., 24-in., 30-in., and 36-in. span, 
the mean decrease in modulus of rupture 
caused by increasing the depth from 4 to 
10 in. is approximately 4 per cent. 
This quantity, added to the 3.5 per cent, 
found previously, and based on the 
Euler-Bernoulli stress distribution gives 
a 7.5 per cent decrease in strength, much 
closer to the experimental value of 11.5 
per cent. It must be noted that the 
scale of the curves given by Seewald is 
so small that values read from them are 
only approximations, and the com- 
putations based upon them must be 
considered also as approximations. 

Mr. Gause presents a most important 
problem in citing the inconsistency 
which arises when the modulus of rup- 
ture of beams of increased depth, 
length, and width is computed by 
statistical theory in two ways from the 
modulus of rupture of beam of the 
original size. Until this matter is 
cleared, the statistical theory of the 
strength of beams as propounded will 
not rest on a satisfactory foundation. 
As Mr. Gause points out, Weibull’s theory 
gives mathematically consistent results, 
but on the other hand the surnmation 
theory appears to be experimentally 
indicated. No wholly satisfactory solu- 
tion of the problem may be obtained 
until sufficient experimental evidence is 
obtained to clarify the situation. 


One factor already mentioned should | 


have an appreciable effect on the cal- 
culation of the modulus of rupture of 
various size beams. That factor is the 
indeterminate location of the neutral 
axis of the beam because of the variation 
in the modulus of elasticity throughout 
the beam. Heretofore we have only 
considered the variation in the sirength 
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of the material. It may be that if the The author is greatly pleased to have 
theory is broadened to include the effect elicited the excellent criticisms pertain- 
of variation in modulus of elasticity, ing to both statistics and mathematical 
the discrepancy cited by Gause would _ stress analysis. These criticisms have 


disappear. greatly added to the paper. 
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Special testing equipment and methods for its use are described in con- 
nection with the performance specifications which are being developed by 
Plasticity, leakage, bleeding, and resistance to oxidation are 
measured under accelerated or simulated service conditions and the specifica- 
tion requirements are based upon these results instead of upon composition. 
Performance testing permits the identification and purchase of superior 
greases with reduction in costs of lubrication despite some increase in unit 


the Navy. 


cost. 


The Navy has known for several years 
that the specifications under which the 
purchases of lubricating greases are 
made are faulty and has been searching 
for an improved method of specification. 
Increasing speeds, bearing loads, tooth 
pressures and operating temperatures 
have increased the demands on lubri- 
cants, in many cases beyond the point 
where simple composition specifications 
give assurance of satisfactory material. 
For the lubrication of some machines 
and accessories, the demands of which 
are particularly severe, lubricants recom- 
mended by the manufacturer of the 
machinery have been purchased. This 


system of temporizing has resulted in — 


the growth of an extensive list of pro- 
prietary lubricants, with the attendant 
complication of maintaining stocks of 
twenty or thirty special lubricants at 
Naval bases and yards and on supply 
ships and aircraft carriers. A particu- 
larly objectionable feature has been the 


The opinions expressed in this paper are those of the 
authors and are not necessarily official opinions of the 
‘avy Dept. or the Engineering Experiment Station. 

*Chemical Engineer in Charge of Research Section of 

emical Laboratory, and Contract Employee Engaged in 
Research on Greases, respectively, U. S. Naval Engineer- 
‘ng Experiment Station, Md. 


PERFORMANCE SPECIFICATIONS FOR GREASES! 


By Ropert C. ADAMS? AND HARRISON E. PATTEN? 


SYNOPSIS 


necessity of stocking several different 
lubricants for similar machines from 
different manufacturers. 


DESIRABILITY OF PERFORMANCE TESTS 


Government Departments, particu- 
larly the Navy, have long favored the ; 
purchase of materials on a service life or |. 
work-factor basis. In the case of 
lubricating oils, this method has been so 
far developed that the work factor is 
applied to the manufacturer’s bid price | 
with the result that the Government | 
instead of purchasing lubricating oil buys — 
lubrication with oil. Work on greases” 
has been in progress at the Engineering 
Experiment Station for several years and 
it now appears that the specification of — 
greases on the basis of performance 
instead of the former specification on the - 
basis of composition and physical prop- 
erties is possible. The work is by no 
means completed, but a description of 
the special apparatus and the results 
which have been obtained to date should 
be of interest to both producers and 
consumers of greases. 

The object of these methods is to 
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~Navy Grease Machine, 1938. 
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ties of grease without regard to the 
materials of which it is composed, the 
manner of manufacture, or its history 
prior to receipt. While all of these 
affect its properties, the evaluation of 
such diverse factors is impracticable. 
Naturally the first efforts were directed 
toward lubricants for apparatus in 
which the greatest difficulty had been 
encountered. 


HiGH-TEMPERATURE GREASE 


The first of these was the specification 
of lubricants for high-temperature serv- 
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this a filling apparatus, called the Navy 
Bearing Packer, Fig. 2, was made, with 
which all voids in a No. 204 open bearing 
can be filled. The amount of grease 
loaded into the test bearing by means of 
the bearing packer is reproducible within 
1 per cent. 

Principal variables affecting the torque 
measurements, in addition to the charac- 
ter of the grease, are temperature, 
amount and distribution of grease in the 
bearing, speed of rotation, and time 
since the start of the test. The last is 
important because of the thixotropy of 


Fic. 2.—Navy Bearing Packer. 


ice, in situations where grease would be 
exposed to temperatures of 300 F. or 
more. An apparatus was designed and 
wilt, Navy Grease Machine 1938, Fig. 1, 
n which a standard ball bearing, filled 
ith the test lubricant, can be operated 

controlled temperature and speed, 
while the torque is measured. All else 
being equal, it is reasonable to believe 
that the grease with the lowest torque 
id therefore the lowest friction loss 
uld be the most suitable. Many 
recautions are necessary in order to 
tain reproducibility. ‘The first is the 
maintenance of a uniform filling of the 
lest bearing with grease. ‘To accomplish 


the grease, since during working its 
plasticity is constantly changing. ‘Time 
can be measured, but not altered or 
reversed. In order to obtain repro- 
ducible results, it is necessary to collect 
all data in the form of torque-time 
curves. All other variables can be 
maintained constant throughout = 
test run. 

At the start of the test run the grease — 
is packed into 100 per cent of the voids 
of a weighed, No. 204, eight-ball bearing | 
without grease shields, and the filled 
bearing is again weighed. The outer 
race of the test bearing is clamped into 
a brake drum and the assembly locked 
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on the shaft of the Navy Grease Machine at the desired speed and the test tem- 
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Fic. 3.—High-Temperature Beater. 


and the first excursion of the spring is 
read as the initial torque, with readings 
thereafter at first frequently, then at 
increasing intervals, for 1 hr. Although 


the torque has been observed to decline 
continuously, at a decreasing rate, for as 
long as 16 hr., the torque-time curve 
obtained in 1 hr. is characteristic. At 
the end of the run the bearing is removed, 
excess grease is wiped off the faces of the 
race, and the bearing weighed. The 
difference in weight is called leakage and 
is calculated to percentage of the original 
grease charge. 

The deterioration of stable lubricants 
under high-temperature conditions is not 
© Before Beating rapid enough to be measured by tests 
© After Beating under simulated service conditions in the 

Navy Grease Machine. In order to 
accelerate the rate of oxidation and de- 
Time, min. 


Fic. 4—T. M a terioration, a high-temperature beater 

trated in Fig. 3, consists of a single-row 

and the brake drum connected to the _ ball bearing, 2% in. in outside diameter, 
torque-measuring spring. .The motor with the inner race clamped by 4 wing 
previously has been adjusted to rotate nut to the lower end of the vertical 
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of a 3600-rpm. motor. A _ counter- 
balanced cup with electrical heaters in 
its jacket can be raised onto the bearing 
so that vertical ribs in the interior of the 
cup hold the outer race and prevent its 
rotation. 

The standard high-temperature sta- 


the above apparatus, the Engineering 
Experiment Station has prepared a 
specification for high-temperature lubri- 
cants* which has been used for purchases 
of high-quality greases for almost 2 
yr. The results have been entirely 
satisfactory. 


Fic. 5.—Cold-Test Apparatus. 


bility test consists of placing 3 lb. of 
grease in the cup, heating to 400F., 
ind then beating with the rotating bear- 
ngfor7 hr. At the end of the test the 
residue, or grease, if it is still recogniz- 
ible, can be used to fill a test bearing and 
repetition of the Navy Grease Machine 
tests gives an indication of the extent of 
amage to the original properties of the 
lubricant. The slight increase in torque 
alter beating indicated in Fig. 4, illus- 
lates a grease satisfactory for high- 
‘emperature service. 

Un the basis of results obtained with 


Low-TEMPERATURE GREASE 


The second application of performance 
testing to specification of greases was to 
the problem of aircraft-control lubri- 
cants. Bearings in aileron and rudder © 
hinges and in pulleys in control cable — 
trains are exposed to ambient tempera- 
tures. This means that bearing and 
lubricant temperatures may vary from 
that of metal in tropical sunlight, about 
165 F., to the temperature of the sub- 


*Navy Department Aeronautical Specification M-372, 
dated September 1, 1939; — obtainable from Bureau of 
Aeronautics, Navy Dept., Washington, D. C. 


| 
| 
m- 
| 
FA 
( 
4 
line 
The ‘ 
and va 
i 
rinal 
ants 
not 
tests 
1 the 
r to 
| de- 
eater 
illus- 
-TOW 
eter, 
wing 
shaft 


-60 -70 
Temperature , deg. Fahr. 
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stratosphere of —60 to —65F. Noone applied through the pulley and the time 
can predict suitability throughout such required for the initial revolution is 
a range from composition and penetra- determined. Temperature is the most 
tion at 77 F. Performance tests are critical of the several factors affecting 
required. consistency and reproducibility of re-. 

The original apparatus for low-tem- sults. The relationship between plas- 
perature mobility testing is illustrated ticity of the grease and temperature is 
in Fig. 5. It consists of a vertical similar to the viscosity-temperature 
spindle of hard rubber with the inner curve for lubricating oil. As shown in- 
race of the test bearing clamped to the _ Fig. 6, the logarithm of the time of rota- 
lower end and a pulley on the upper end. tion versus the temperature gives a 
The outer race of the test bearing is held _ straight line. 


Fic. 8.—Dirt-Count Apparatus. 


between the two parts of a liquid-tight In order to obtain more accurate 
sleeve so that sleeve and bearing can be temperature control and at the same time | 
placed in a bath of alcohol and dry ice to increase the number of determinations 
without wetting the lubricant in the test per man-day a five-spindle, air-bath 
bearing. The spindle has an axial hole apparatus has been built. This is shown 
lor a thermometer whose bulb lies at in Fig. 7. A rectangular, jacketed, steel 
the center of the test bearing. After trough supports the five spindles. A 
the accurately lubricated test bearing small pump circulates alcohol from a coil - 
has been assembled in the apparatus and __in the cold bath at the bottom through 
cooled to the test temperature (—40 a continuous coil of finned tubing in the 
*t —S0F.) a predetermined torque is jacket, while a centrifugal blower at one 
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end of the trough maintains circulation 
of air through the jacket and back over 
the spindles and test bearings. Tem- 
perature is controlled by a pyrometer in 
the pump-motor circuit actuated by a 
thermocouple in the air stream in the 
trough. The temperature difference 
from end to end of the trough does not 
exceed 2 F. after equilibrium has been 
attained so that the temperature on any 
spindle is within 1F. of the control 
temperature. 

In addition to plasticity at low 
temperature, a suitable lubricant must 
be stable at the highest temperature to 
which it will be exposed. There are two 
ways in which a grease may fail when 
heated; it may change from a plastic 
structure to a fluid and run out of the 
bearing (leakage), or it may separate 
into a stiffer plastic by losing some of the 
oil (bleeding). To test for leakage, the 
bearing which has been used for the cold 
test is run in the Navy Grease Machine 
1938 for 1 hr. at 150 F. and 600 rpm. 
Not more than 5 per cent of the original 
charge should leak from the bearing 
during this test. For separation or 
bleeding tests, 10 g. of grease are weighed 

into a perforated nickel filter cone which 

is exposed in a tared 100-ml. beaker and 

placed in a drying oven, kept at 150 F. 

During 50 hr. no oil or molten grease 

should drip into the beaker. The 

quantity of such leakage is determined 
by weighing the beaker with its sepa- 

rated product. 

Dirt IN GREASE 

The application of grease lubrication 

to high-speed precision bearings having 
minimum clearances makes necessary 
— control of the non lubricant inclusions 
in grease. Such things as sand, un- 

- combined lime, metal particles, hair, and 
vegetable fibers are present in all greases. 

In most applications this dirt causes no 

trouble; at least no casualties have been 


Fic. 9. 
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attributed to it. It seems reasonable, 
however, that serious damage might be 
done to a ball bearing if a particle of 
sand having a diameter twice the clear. 
ancé between balls and races were thrown 
into the ball track when the bearing was 
rotating at high speed. 
establish standards of cleanliness q 
quantitative measure of the dirt in grease 
must be possible. 
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Particle Diameter, in. 
Dirt in Representative Greases. 


The apparatus used for such measure- 
ments is illustrated in Fig. 8. It con- 
sists of a binocular microscope fitted 
with a micrometer scale in one eyepiece 
and a mechanical stage. The sample ol 
grease is placed in a U-shaped template 
0.006 in. thick on a clean slide and 
exposed to a 29 to 30 in. vacuum for 10 
min. after which a cover glass is placed 
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over the sample. Exposure to vacuum 
removes entrained air bubbles and 
darifies the sample for examination. 
Magnification of 60 diameters has been 
found most usable. The sample is 
illuminated simultaneously from below 
and transversely. The slide bearing the 
sample is placed on the stage of the 
microscope so that the base and sides 
of the template are parallel to the two 
motions of the mechanical stage and the 
eyepiece scale is turned until parallel 
with the sides of the template and with 
one end in a corner of the sample. ‘The 
sample is then racked across the field 
of view while the observer counts the 
particles as they pass the eyepiece scale. 
The individual particles can be measured 
and their sizes recorded as they are 
counted. 

The results of examination of two 
greases are illustrated in the curves of 
Fig. 9. Each ordinate of these curves 
represents the concentration of particles 
of the indicated size or larger which were 
present in the sample. Particles smaller 
than 0.0005 in. in diameter were counted 
at a magnification of 113 diameters. 
Both greases were quality products of 
their respective manufacturers and the 
cleaner of the two is among the cleanest 
which has been examined. The absence 
of particles larger than 0.005 in. in 
diameter should be secured by adequate 
screening of the finished grease but low 
concentrations of foreign material 
smaller than one or two thousandths of 
an inch probably can be obtained only 
by care in the selection of raw materials 
and cleanliness of equipment during 
manufacture. A tentative limit of 
loreign matter in commercially obtain- 
able greases is indicated by the broken 
line in Fig. 9: namely, 


Minimum Diameter, Particles per Cubic Centi- 


meter Above Minimun 
Diameter 


ADVANTAGES OF PERFORMANCE 
SPECIFICATIONS 


The use of performance specifications, 
obtained by coordination of results from 
special test equipment, has resulted in 
the purchase of definitely superior 
lubricants. Previously such materials 
were obtainable only by proprietary 
purchase. In the light of these test 
procedures the requisite properties for a 
satisfactory lubricant for a_ specific 
troublesome application can be visual- 
ized and tentative requirements can be — 
outlined, the available lubricants can be 
tested and their efficiency observed. 
Cooperation between the testing station 
and the manufacturer often serves to 
remedy deficiencies with the result that 
the manufacturer has a premium product 
to market and the purchaser can obtain 
a lubricant which gives satisfactory 
service with a net reduction in the 

maintenance cost. 

A correlary discovery resulting from 
this investigation is the economy which 
may result from the use of superior 
greases. The special testing procedures 
were developed for specification and 
purchase of satisfactory greases for 
difficult applications. Lubricants hav- 
ing the extraordinary properties 
demanded by these performance specifi- 
cations are supplied at considerably 
higher prices than the greases meeting — 
the old composition specifications. De- 
spite this higher unit price, lubrication 
with these superior lubricants may be 
more economical than with ordinary 
lubricants. 

Chassis lubrication of a passenger 
automobile or light truck may be used 
as a demonstration. Lubrication for 
such a vehicle at 1000-mile intervals for 
an estimated 15,000 miles per year would 
cost $16.20 per annum, with labor at 
one dollar per lubrication and grease 
at eight cents per pound. We have 
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found that chassis lubrication with the 
medium grade of grease supplied under 
Navy Aeronautical Specification M-372* 
is required at only 7000- to 8000-mile 
intervals. This grease is heavier in 
consistency than ordinary chassis lubri- 
cants so that the labor cost of lubrication 
with it is greater than with ordinary 
semifluid chassis lubricants. Even if 
the labor cost were twice as great, (two 
dollars per lubrication), the annual cost 
would be only four dollars, and the 
grease could cost as much as seventy 
cents per pound and still provide lubri- 
cation for one third the cost of ordinary 
lubrication. 

In the applications for which per- 
formance specifications were developed, 
monetary considerations are relatively 
unimportant. Less than 1 lb. of grease 


will be required for all control bearings 
of a large bomber or transport plane. 
The primary consideration is not whether 
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the pound of grease costs ten cents or 
ten dollars but whether it will provide 
satisfactory lubrication under all service 
conditions or will freeze and make the 
controls inoperable at high altitudes and 
low temperatures thus hazarding the 
entire plane with its more precious crew 
and mission. 


SUMMARY 


The purpose of performance specifica- 
tions is to obtain the most satisfactory 
and economical grease for each applica- 
tion regardless of the materials or method 
used in its manufacture. They should 
free the manufacturer from arbitrary 
restrictions in his choice of method and 
materials, simultaneously opening to him 
the opportunity for recognition of truly 
superior products. The beginning which 
has been made offers promise of universal 
use to the mutual advantage of both 
producers and consumers of grease. 
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Mr. C. L. Knopr.'—I should like to 
ask why the authors run their test at 
400 F. Is this supposed to be a service 
condition? 

Mr. Ropert C. ApAms.?—We do not 
consider 400 F. representative of service 
conditions since we believe that no 


petroleum product can withstand ex- 
tended service at 400 F. or above. 


lower temperature for a longer time? 


Do you feel that your test is comparable _ 


to service conditions when you raise the 
temperature and speed for a short time? 
In other words, is it your idea to oxidize 
the grease? 

Mr. Apams.—That is right. 

Mr. Knopr.—How thoroughly do 
you oxidize it? 


Fic. 1.—Worker Cup with Riser, the Purpose of Which Is to Maintain a Constant Volume of Grease. 


The packing nuts prevent air from entering on upstroke and extrusion of grease on downstroke as usually happens | 


with the standard A.S.T.M.cup. The grease rises in the riser on the downstroke, compressing air in the airtight chamber. 
it ls extruded into the cup on upstroke. 


However, on this accelerated test, 
completed within a reasonable time, 
we accelerate by increasing the tem- 
perature to 400 F. 

Mr. Knopr.—Could you not accom- 
plish the same thing by operating at a 


. ya Engineer, Sinclair Refining Co., New York, 


>, Chemical Engineer in Charge of Research Section ot 
~hemical Laboratory, U. S. Naval Engineering Experi- 
ment Station, Annapolis, Md. 
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Mr. ApAmMs.—That depends upon the 

grease. At the end of the test the 

grease is hot so that it is not removed 

for further tests until the next day. 

Some greases have to be chiseled out, 

and others are virtually in the same 
condition they were at the start. 


Mr. Knopr.—Your method circulates’ 


the grease and oxidizes it? : 7 
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Mr. Apams.—-Yes. The nut which 
retains the bearing which is immersed 
in the grease, is in the form of a wing nut 
and that acts as a propeller. During 
the beating, the grease circulates down- 
ward through the ball race and up and 
around the outer race of the bearing. 


DISCUSSION ON PERFORMANCE SPECIFICATIONS FOR GREASES q 


stroke (see accompanying Figs. 1-4), 
Greases, worked 10,000 strokes (23 hr.) 
at 250 or 300 F., are so oxidized that 
final Consadometer consistencies aré 
many times the original. 

Messrs. ADAMS AND HArRISON E. 
PatteN® (authors’ closure, by letter) — 


1G. 2.—The Motorized Worker Developed 10 or 12 yr. Ago for the Purpose of Studying the 
Stability of Greases. 
We sometimes have to work a grease (a stable product) 30,000 strokes before it is down to an ultimate consistent y 
_ Consistencies are measured by means of the Consadometer, reading in grams force required to deform the grease. Plunge 


head, 1.3 in. in diameter. 


‘ 
+ is very thoroughly mixed during 


all that time. 
Mr. Knopr.—A motorized mixer, 
which we developed 10 or 12 yr. ago, 
has been used recently to work greases 
in an A.S.T.M. cup which is provided 
with a heating element, and a means 
for introducing air during each down- 


The authors do not consider that the 
apparatus and methods described cannot 
be improved. The same results prob- 
ably could be obtained with entirely 
different apparatus, as suggested by 


3 Contract Employee Engaged in Research on Greases, 
U. S. Naval Engineering Experiment Station, Annap 
olis, Md. 
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Mr. Knopf. What we consider to be 
new and distinctive in our development 
js the incorporation of the results of 


4 


Fic. 3.—The A.S.T.M. Mixer Cup with Cover 
Suspended Above. 

The air inlet tube is at left. Thermocouple tube is in 
the middle of the cup. The poppet vent valve is on the 
right side of the lid. The vent valve opens at top of 
stroke and closes at bottom, being open during entire 
downstroke. The air is admitted at the top of the stroke 
and closed 54 downstroke; the remaining part of stroke is 
employed to allow pressure to drop to atmospheric whiie : 
the vent is stillopen. Heating element is at right. 

Fic. 4.—Vent Valve Mechanism 
(Shown at Top). 
objective, performance tests in purchase Timing valve isoperated by cam. Air flow meters and 


pressure regulators are also employed, but not shown. 
specifications. Instead of writing a. 
prescription which tells a manufacturer grease to do and, in so specifying, can 
how he shall make his product, the Navy demand the best that the most compe- 
now can specify what it requires a tent manufacturer can supply. 
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FUNDAMENTAL SIGNIFICANCE OF OLIENSIS SPOT TEST— ea 
QUANTITATIVE TESTS FOR HOMOGENEITY in 


By G. L. OLtensis! 


: | 


SYNOPSIS In 


Hitherto it has been claimed for the spot test that it can detect (1) cracked 


or overheated asphalt; (2) asphalt containing waxy or other bodies that make th 
especially susceptible to moderate refining temperatures; and (3) asphalt 
containing sludge or other bodies that are for any reason poorly toleratéd by 
the asphalt system, irrespective of,the refining temperatures used. m¢ 
: All the foregoing three claims can logically be condensed into the folowing cle 
_ single broad principle: That the spot test reacts “‘negative” with all asphalts ge 
ee in which the internal phase relationship is relatively stable, so that the latter as 
can withstand successfully the standardized flocculating force exerted by the ore 
- conditions of the test; and reacts “‘positive” with all asphalts in which the a 
internal phase relationship is relatively unstable (from whatever cause on 
whether overheating, or the presence of naturally present or artificially added . 
_ incompatible bodies), so that it is incapable of withstanding that flocculating ns 
force. be 
Sporadic cases that have been cited as apparently inconsistent with any of on 
the first three narrower claims, are shown to be consistent with this broad sta 
_ _ principle underlying each of them. in. 
To supplement the xylene equivalent previously released for the quantita- col 
tive determination of heterogeneity, two alternate methods for the quantita- rel 
— tive determination of homogeneity are proposed: One, the “‘negative period,” hy 
; being the number of days the standard naphtha-asphalt mixture can stand po 
before becoming “positive”; the other, the ‘‘hexane resistance,” being based ten 
upon the minimum number of increments of hexane required to make a “‘nega- ta 
tive” standard naphtha-asphalt mixture test “positive.” These quantitative 
methods will aid in detecting in “negative” asphalts (a) very slight degrees . 
_ of overheating or cracking, and (b) the presence of small added percentages pal 
“positive’’ asphalts. dey 
cor 
car 
In 1933? the spot test was first pro- asphalt containing waxy or other poorly be: 
posed for a single concrete function: (1) tolerated bodies that make it abnormally I 
to identify cracked and overheated susceptible to relatively low refining gen 
asphalt. By 1936 it had been found temperatures; and (3) asphalts contain- or 
that the spot test can also identify (2) ing sludge, weathered, or any other cru 
a bodies (either naturally present or arti- the 
Cong tie, Charee, Technical Dept., Barber Asphalt ficially added)! that are for any reason ligh 
2 G.L. Oliensis, “‘A Qualitative Test for Determining the (th; 
Degree of Heterogeneity of Asphalts,”’ Proceedings, Am. 
Soc. Testing Mats., Vol. 33, Part I, p. 715 (1933). ‘ By “artificially added” bodies are meant, for example, sta] 
4G, L. Oliensis, “A Further Study of the Heterogeneity —_ those resulting when separate fractions are recombined d 
of Asphalt—a Quantitative Method,” Proceedings, Am. (as in “synthetic asphalts”) in such a way and in suca es! 
Soc. Testing Mats., Vol. 36, Part II, p. 494 (1936). proportions as to become mutually incompatible. 
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poorly tolerated by the asphalt system, 
irrespective of the refining temperatures 
employed. 

A close analysis of the three claims 
advanced for the spot test discloses that 
each of them, while originally formulated 
independently of one another and as the 
result of separate phases of study, is 
logically merely an amplification or out- 
growth of its predecessor, each approach- 
ing progressively closer to the true and 
ultimate scope of the test, which is wider 
than each of the claims separately and is 
inclusive of them all. 

This wider interpretation, which is 
most nearly foreshadowed in the third 
claim, is based to some extent on the 
generally accepted conception that all 
asphalts are mixtures of at least three 
groups of hydrocarbons— petrolenes, 
resins, and asphaltenes; but a probably 
truer conception of asphalt is that it is a 
mixture of a practically unlimited num- 
ber of phases merging imperceptibly into 
one another and held in’a more or less 
stable mutual solution, or more correctly, 
in a more or less stable colloidal or semi- 
colloidal suspension. In the spot test a 
relatively large volume of relatively light 
hydrocarbon (heavy naphtha) is pur- 
posely added to weaken the surface 
tension of the lighter phases, thereby 
increasing the interfacial tension between 
them and the heavier phases, and im- 
pairing their mutual solubility. The 
degree of this impairment exerted by the 
conditions of the test, is arbitrary, but is 
carefully and rigidly controlled so as to 
be uniform in all cases. 

In the normal or “relatively homo- 
geneous” asphalt—-for example, vacuum 
or steam refined residuals from a given 
crude, refined at normal temperature— 
the mutual solubility of the various 
lighter and heavier phases.in one another 

that is, the “phase relationship”) is so 
stable that it cannot be disturbed or 
destroyed by this dilution with the 


prescribed amount of the standard 
naphtha; hence no insoluble dispersion 
develops. 

However, in the “relatively hetero- 
geneous” asphalt—for example, over- 
heated or cracked residuals (in which the 
overheating has modified one or more 
phases to the extent where they become 
less compatible with the system than in 
the case of the normal asphalt), or in 
asphalts containing paraffin, or sludge, 
or weathered or other bodies, either 
naturally present or artificially added‘ 
(which either become incompatible 
because abnormally susceptible to rel- 
atively low refining temperatures, or 
are inherently incompatible “‘as is”)— 
the stability of the phase relationship 
has through the presence of these bodies 
become sufficiently disturbed as_ to 
render the system incapable of with- 
standing the flocculating force exerted by 
the conditions of the test; hence precipi- 
tation results. 

According to this broad principle, the 
fundamental function of the spot test is 
to determine, not whether an asphalt is 
cracked, weathered, or improperly syn- 
thesized, but primarily whether its inter- 
nal phase relationship is relatively stable 
(as indicated by a “negative” spot) or 
relatively unstable (as indicated by a 
“positive” spot). It is true that the 
spot test has been found very useful in 
detecting cracked or overheated as- 
phalts; but that has been solely because 
the latter happen to be the only common 
type on the market whose internal phase 
relationship is relatively unstable (under 
the certain standard conditions of the 
test as to dilution with a specified 
diluent), the other relatively unstable 
types being much rarer. 

To the class characterized by a rela- 
tively stable internal phase relationship 
(that is, ‘relative homogeneity’’) belong 
the normally refined and all other 
asphalts in which all constituent phases 
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or bodies are mutually compatible. To 
the class characterized by a relatively 
unstable internal phase relationship (that 
is, “relative heterogeneity”) belong all 
asphalts that contain relatively incom- 
patible bodies of one or more of the 
following types: 

1. Bodies that through cracking or 
overheating “get out of phase” (that is, 
become incompatible) with the other 
phases of the asphalt. 

2. Bodies whose potential incom- 
patibility renders them abnormally 
susceptible to relatively moderate heat- 
ing for example, certain waxy bodies. 

3. Bodies that have become incom- 
patible through causes other than heat- 
ing-—for example, weathering. 

4. Bodies that are inherently incom- 
patible with the asphalt system—for 
example, some constituents of sludge or 
coal-tar pitch. 

5. Bodies that are not inherently 
incompatible, but become so through 
faulty synthesis or proportioning of the 
component fractions. 

Once the spot test, by virtue of its 
classifying or identifying functions, has 
established a positive reaction, it may 
then be desired to determine to which of 
the foregoing five subdivisions it is due; 
that is, whether the unstable phase 
relationship of the asphalt under con- 
sideration is due to its having been 
cracked, or weathered, or improperly 
synthesized; but such supplementary 
determinations are manifestly beyond 
the scope of the standard spot test. 

From time to time specific cases have 
come to the author’s attention that have 
appeared to challenge the foregoing 
claims as to the scope of the spot test. 
For example, it has been stated: 

1. That occasionally asphalts that 
have never been overheated in refining 
nevertheless react “positive.” (Several 
asphalts of this type, cited in a paper 
by Born,® were in my discussion of that 
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or OLIENSIS Spor TEST 
paper shown to be characterized by an 
incompatibility of the “waxy bodies” 
type, vulnerable to even moderate 
refining temperatures.) 

2. That occasionally asphalts that 
have been slightly overheated neverthe- 
less react “negative” to the spot test. 
(These asphalts have been discussed in 
detail by the author elsewhere.*) In that 
discussion it was shown that (a) cracked 
asphalts and all asphalts that had been 
overheated in the ordinary sense of the 
term, tested “positive” in all cases; (b) 
a very slight degree of overheating might 
not be detected by the standard method 
for making the spot test; but (c) even 
such cases of slight overheating could be 
detected by a refinement of the spot test, 
based upon the tendency of asphalts to 
develop heterogeneity in naphtha solu- 
tion the more quickly, the greater the 
degree of overheating to which they had 
been subjected during manufacture. 
(Incidentally, this tendency forms the 
basis of the quantitative determination 
of the “negative period” to be discussed 
later in this paper.) 

3. It has also been stated that when 
fractionating asphalts into petrolenes, 
resins and asphaltenes, and then recom- 
bining the latter in varying proportions, 
(a) fractions derived from uncracked 
asphalts may be occasionally recom- 
bined in such a way as to yield a “posi- 
tive” spot, even though none but the 
lowest temperatures necessary to blend 
them had been used;’ and (6) fractions 
derived from cracked asphalts may be 
recombined occasionally in such a way 
as to yield a “negative” spot. 

Though on the face of it the foregoing 


5 Sidney Born, “The Homogeneity of West Texas As 
phalts,” Proceedings, Am. Soc. Testing Mats., Vol. 37, 
Part II, p. 519 (1937). 

6G. L. Oliensis, “Efficacy of Oliensis Ft Test on 
Slightly Cracked Asphalts,” Proceedings, Montana Na- 
tional Bituminous Conference, p. 193 (1939). we 

7 J. Zapata, “Notes on the Composition and ‘Testing ¢ 
Asphalts of the Slow Curing Type,” Proceedings, Asst 
Asphalt Paving Technologists, Vol. 10, January, 1939 
p. 160. 
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appears inconsistent with the claims 
advanced for the spot test, yet when we 
bear in mind the third of the three claims 
in the first paragraph of this paper, and 
more particularly the broad principle 
that has been shown to underlie them 
all, it appears entirely logical that when 
recombining separate phases or fractions, 
such fractions, even though derived from 
a normal or “negative” asphalt, may 
nevertheless in some instances be re- 
grouped in such a way as to decrease the 
mutual solubility of all phases so as to 
disturb measurably the stability of the 
phase relationship of the resultant blend. 
In fact, not only may it thus be dis- 
turbed enough to develop precipitation 
upon the addition of the standard 
naphtha, but in extreme cases we know 
that it may thus be destroyed entirely, 
so that copious precipitation or sludging 
may result even before the addition of 
any naphtha whatsoever. 

Conversely, it should be possible in 
some instances to recombine fractions 
from an overheated or “‘positive” asphalt 
in such carefully balanced proportions, 
as to improve the stability of the phase 
relationship to such a point that it can 
no longer be disturbed, far less destroyed, 
by the later addition of the standard 
naphtha. Hence the synthesis of a 
“positive” asphalt from fractions derived 
from a “negative” asphalt, or the syn- 
thesis of a “negative” asphalt from 
fractions derived from a “positive” 
one, while an unusual phenomenon, 
is not necessarily inconsistent with the 
generally accepted understanding of the 
scope of the spot test. 

In brief, in the various sporadic cases 
cited as apparently contradicting any 
of the three narrower claims heretofore 
made for the spot test, a careful analysis 
will disclose that they are entirely con- 
sistent with the broad principle under- 
lying each of them as above explained; 
for the basic function of the spot test 


OF OLIENSIS TEST 


is to distinguish between asphalts whose 
internal phase relationship is either 
stable or unstable to the dilution and the 
diluent specified in the method, irrespec- 
tive of how such stability or instability 
may have been brought about.* 

NEED TEST 


FOR (JUANTITATIVE 


HOMOGENEITY 


FOR 


Nevertheless, while the primary func- 
tion of the spot test is this qualitative 
one of dividing all petroleum asphalts’ 
into two main categories, it has always: 
been apparent that such a test would 
have a far larger sphere of usefulness if. 
it were implemented so as to be also’ 
quantitative in scope. With that in 
mind, the author, in 1936, developed the 
“xylene equivalent’® as a method for 
determining quantitatively the degree 
of heterogeneity of such asphalts as 
were positive to the spot test. To de- 
velop a corresponding method for de- 
termining the relative degree of 
homogeneity of negative-spot asphalts 
proved a more difficult task. The 
ideal solvent for such a method would, 
of course, have been some hydrocarbon 
of at least as pure chemical composition | 
as the xylene used in the xylene equiva- 
lent, but which would as completely 
flocculate every petroleum asphalt as 
xylene completely dissolved it. No such 
pure hydrocarbon, however, appeared 
available except at prohibitively high 
prices or in extremely limited quantities. 

In 1939 the author reported® some 
work he had done with a number of 
Wyoming crude-oil residuals (prepared 
by the Federal Bureau of Mines’ Petrol- 
eum Experiment Station at Laramie, 
Wyo.), which revealed that when some 
of a group of residuals from a given 
crude oil had been subjected to greater 
overheating than the others, the spot- 


8 What practical purpose is served by this broad differ- 
entiation will be discussed in the ‘‘Conclusions.”’ 
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test mixtures of the former would on 
standing invariably become positive 
more quickly than those of the latter. 
Since the number of days required to 
become positive appeared proportional 


TABLE I.—QUANTITATIVE HOMOGENEITY TESTS. 


1112 - OLIENSIS ON SIGNIFICANCE OF OLIENSIS Spot TEST 


to the degree of overheating, that period 
offered itself as at least one quantitative 
measure of the degree of homogeneity of 
an asphalt. The procedure  subse- 


quently worked out follows: 3 


(A) Straicut Repucep RESIDUALS. 


| | Hexane 
Pene- Negative | Resist- 
Symbol in : Re- Age of 86 Car- c 
Item Figs. J to4 Crude Oil Source finery Sample — Naph- | bon,* — | Hexane 
*|tha, per|per cent y incre- 
cent® ants 
S Arkansas (Smackover) 1 Recent 45 20.3 (16)¢ 120+° or 
Arkansas (Urbana) 
SS U(1) Sli. overheated 1 Recent 76 14.7 58+ 20 
3.. U(2) Sli. overheated (?) 1 Recent 87 14.5 58+ 2 
6x U(3) Normal 1 Recent 88 14.5 58+ 36 
ie. C(1) California 1 6 yr. Soft (8) (6) 7 9 
oe C(2) California 2 Recent 55 (11) (8) 72+ 37 
| ae K Kansas 1 Recent 45 21.0 (14) 72+ 51 
aa Kansas 1 Recent 150 16.5 (12) 72+ 61 
ae Kansas 2 2 mo. 52 78+ 4 
10... Kansas 2 1 wk. 50 25.0 (15) 78+ 43 
Daca Kansas (blend) 2 1 mo. 43 24.3 (15) 78+ 30 
- a M Mexican ff 14 yr. 45 (29) (15) 67 12 
hd Mexican } 1 14 yr. 175 (26) (14) 102+ 18 
Mexican } 2 9 yr. 50 (29) (15). | (89 to) 102 18 
ree | Mexican | 2 4 yr. 150 (26) (14) 102+ 22 
16... a 1 4 yr. 45 (19) | (14) 85+ 29 
| Texas (Hendricks) {| | | oo | Ge | a3) 81+ 
: f Recent 55 12.4 8.3 86+ 23 
pie } Trinidad Oil Resid. 1 Recent | 155 | 10.7 | 6.9 86+ ri 
| 1 yr. 30 (25) 2 to 3 
2 ecent 55 22.8 13. 25 
ed vi1) —_| {Venezuela 2 | Recent | 155 | 19.1 | 11.5 25 16 
een V(2) 1) 3 Recent 85 (22) (13) 78+ %6 
; W(la) Wyoming (overheated) 1 2 yr. 325 19.0" 2 to 3 7 
25.....| W(lb) | Wyoming (normal) 1 2 yr. 208 (24) | 18.2% | (65to)72 | 14 
Wyoming (normal) 1 yr. 37 (25) 
a lw oe 2 ecent 45 24.4 15) 34 
} Wyoming {| 3 | Recent | ass | 203 | (a) 31 14 
ae SY “Synthetic” 1 Recent 85 | 79+ 22 
B) ‘LABORATORY BLENDS WITH Tars. 
Smackover, | Cracking-Coil Tar, per cent Nesati Hexane Resist- 
Item Symbol in Fig. 4 “*S” (Item 1), —| Pe re "Ya 5 | ance, Hexane 
per cent No.1. increments 
S+ 5% Cr.1 95 5 106+ 23 
| See S+ pF cr. 3 90 10 (73 to) 83 18 
S + 20% Cr. 1 80 20 3 7 or8 
75 25 0 tol 
SR ae 95 5 93+ 27 or 28 
ASS 90 10 93+ 24 
Bbsawarvcxone 80 20 (49 to) 56 17 
70 30 9 
65 | 35 3 
39 60 40 0 0 


° Naphtha insoluble and fixed carbon figures in parenthesis are estimated by the author from past data. “Those not 


in parenthesis were furnished by the producers. 
© Carbon residue. 


therefore incomplete. 


© Negative period figures followed by ‘‘+’’ indicate thet the reaction is still megutive for the period shown, and is 
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(QUANTITATIVE METHOD FOR Homo- 
GENEITY—NEGATIVE PERIOD 


If the mixture of asphalt and standard 
naphtha prepared for the standard spot 
test reacts negative at the end of 24 hr., 
it is set aside in a tightly-stoppered 
flask in a dark closet, at a temperature 
maintained uniformly at 77 + 3F. 
(25 + 1.7C.). Daily thereafter for 
three weeks, then thrice weekly for a 
further three weeks, twice weekly for a 
further six weeks, and weekly thereafter 
till the end of the test, it is vigorously 
swirled for 5 sec. and, after a drop is 
withdrawn for the spot test, is replaced 
inthe closet. This procedure is repeated 
at the end of each of the intervals just 
stipulated, till a positive spot is ob- 
tained. If the positive nucleus or ring 
is very faint, additional spots are ob- 
tained at the end of at least two more 
consecutive intervals, as here scheduled, 
tomake certain that the nucleus becomes 
progressively more marked, thus demon- 
strating that its first appearance was 
authentic and significant. The number 
of days elapsed between the preparation 
of the asphalt-naphtha mixture and the 
appearance of the first authentic positive 
spot, however faint, is called the “nega- 
tive period.’ 

The negative period for some of the 
shorter-period negative-spot residuals so 
far tested in connection with this par- 
ticular investigation, is found in the next 
to the last column of Table I. The 
negative period for the other residuals 
listed in that table is being determined, 
and has already extended in some cases 
to upwards of 120 days, but has not yet 
been completed. [Illustrations of the 
spots obtained on some of the asphalts 

n the course of their negative-period 


"If the development of the positive nucleus in the spot 
heel tual that it is difficult to decide just which spot 
ould be considered the first authentic positive one, the 


author reports the first doubtful one in parenthesis, fol- 
¢d by the first clearly indicated one, thus: ‘(84 to) 98.” 


1113 


determinations are shown at the foot of 
Figs. 1, 2, 3, and 4, and will be explained 
more fully later. 

Repeated negative-period determina- 
tions on the same asphalt yield con- 
cordant results if the temperature and 
time-interval conditions of the test are 
followed. Higher temperatures than 
77 F. (25C.) substantially reduce the 
negative period, and lower tempera- 
tures substantially increase it. Over- 
heating of the asphalt, or the addition 
of cracked, overheated, or other positive- 
spot residuals decrease the period 
proportionally, as can be noted from 
Table I (compare item 24 with 25 and 
26; item 1 with 30 to 33; item 1 with 
34 to 39.) 

The negative period would appear to 
be the simplest and most direct means of 
measuring homogeneity quantitatively, 
for it is nothing but a time-amplification 
of the standard spot test, and requires 
practically no further laboratory work 
than is involved in running the standard 
qualitative determination, except for the 
moment or two required at the end of the 
stipulated intervals for the reexamina- 
tion of the asphalt-naphtha mixture. 
However, since the negative period will 
vary with the temperature, and not all 
laboratories are equipped to maintain 
the mixtures uniformly at the pre- 
scribed temperature, and since the total 
time required for making this determina- 
tion may run into many months, the 
negative-period determination is from 
present indications better adapted as a 
research tool than for routine and plant 
control work. 


AS AN AID IN 
HOMOGENEITY 


HEXANE 


On June 13, 1940, Messrs. Winterkorn © 


and Eckert, of the College of Engineer- 
ing, University of Missouri, were kind 
enough to submit to the author an 
advance copy of a yet unpublished paper 
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entitled ‘The Colloidal Stability of 
Asphalts as Indicated in Spot Tests,”” 
in which they described a very compre- 
hensive series of spot tests they had 
made on different asphalts, using as the 
diluent both the standard naphtha and a 
variety of other organic solvents. While 
the data presented therein were well 
worthy of study, the work the authors 
had done with hexane was of particular 
interest. They had found that hexane 
yielded a positive spot with all asphalts, 
and had consequently determined on a 
number of asphalts what they had 
termed the “hexane-naphtha ratio” 
that is the minimum percentage of 
hexane (in a solution of hexane and 
standard naphtha) required to cause a 
negative asphalt to yield a positive spot 
when the mixed solvent was substituted 
for the standard naphtha in the standard 
spot test. They had found that each 
negative asphalt had its characteristic 
hexane-naphtha ratio. 

While the hexane used by Winterkorn 
and Eckert was by no means the pure 
hydrocarbon that the author had been 
hoping to locate, yet the sharp differen- 
tiation the hexane-naphtha ratio made 
between different negative asphalts ap- 
peared highly promising. Therefore, 
after the author had assured himself 
that the hexane could be obtained in 
commercial quantities in at least as 
uniform a grade as the standard naphtha 
he had been using satisfactorily for the 
past 8 yr. in the standard spot test, he 
proceeded to make a series of hexane- 
naphtha ratio determinations on a 
number of negative residuals, following 
the procedure that had been discovered 
by Winterkorn and Eckert. Unfortu- 
nately, one difficulty was encountered in 
connection with that test: the hexane 

10 This paper has now been published as ‘‘Colloidal 
Stability of Asphalts—Spot Tests with Partial Solvents,” 


in Industrial and Engineering Chemistry, October, 1941, 
p. 1285. 
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was so volatile that up to one half to 
two thirds of it would evaporate during 
the cutting of the asphalt—in spite of 
the substitution of a 100-ml. pipette as 
the reflux condenser in place of the usual 
8-in. length of }-in. tubing. It was clear 
that if asphalts of still higher melting 
point were to be tested, even higher 
hexane-evaporation losses, and conse- 
quently serious discrepancies in test 


results, might be anticipated from time — 


to time from that cause. 

After additional experimentation, 
however, the author developed the 
following method, in which hexane is 
still employed as the precipitating rea- 
gent; but it is added in small incre- 
ments, at room temperature, and after 
the asphalt has already been cut in the 
standard naphtha as in the regular spot 
test. The specification for hexane, and 
the exact procedure for employing it, 
follows: 

SPECIFICATION FOR HEXANE" 

The hexane is a straight-run overhead 
distillate from Mid-Continent crude oil, 
free from cracked products of any kind, and 
conforming to the following specifications: 
A.P.I. gravity at 60F. 

75.0 to 76.0 


Distillation: 
Initial boiling point 
End point 


-not less than 140 F. (60.0 C. 
. not more than 160 F. (71.1. 


Aniline number!?...... 138 to 145 F. (58.9 to 62.8 C. 


(QUANTITATIVE METHOD FOR HOMOGENEITY 
HEXANE RESISTANCE 
1. Preparation of Standard Asphalt-Naphtha 

Mixture: 

The asphalt is dissolved in the standard 
naphtha exactly as in the standard spot test, 
and set aside in the dark at approximately 
77F. (25C). If negative at the end of 24 
hr., there is measured out into a clean 25- 
ml. Erlenmeyer flask 3.9 g. of the asphalt- 
naphtha mixture (or that quantity that 1s 

u This product may be procured as Skellysolve “B” fror 
the Skelly Oil Co., Skelly Bldg., Kansas City, Mo. | 

12 The aniline number of the solvent is determined 3 
described in the A.S.T.M. Standard Method of Test for 


Precipitation Number of Lubricating Oils (D 91 - 33), 193 
Book of A.S.T.M. Standards, Part I, p. 842. 
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calculated to contain exactly 4 ml. of the 
standard naphtha). 
2. Addition of Hexane Increments: 

From a burette add 0.2 ml. (or an 
equivalent number of drops) of hexane, 
starting the stopwatch from zero the 
moment the addition of the hexane is begun. 
Immediately thereafter, replace the stopper 
in the flask, swirl the latter vigorously with 
a circular motion on the table top for 5 sec., 
and set aside in a tin or box of approxi- 
mately the same diameter and height as the 
flask and lined with black paper to main- 
tain the contents of the flask in subdued 
light. The entire operation of adding the 
hexane and swirling should require not more 
than 15 sec. 

3. Spot Determination: 

Four and one-half minutes later, or 
exactly 15 sec. before the expiration of the 
first 5-min. interval, remove the flask from 
its black-lined container, swirl vigorously 
on the table top for exactly 5 sec. as before, 
remove the stopper, insert the end of a clean 
glass or metal rod of not over 0.09-in. diam- 
eter (cut or ground off square) slightly 
beneath the surface of the liquid, withdraw 
it, and let a small drop fall from it upon a 
No. 50 Whatman filter paper. The size of 
the drop should be such that it will spread 
out to not over #s in. The operation of 
swirling and depositing a drop on the filter 
paper should take not over 15 sec., thus 
completing a full 5-min. cycle. 

4. Completion of the Test: 

Exactly 5 min. on the stopwatch after 
beginning the addition of the first increment 
of hexane, add a fresh increment of 0.2 ml. 
of hexane, then stopper, swirl, and replace 
the flask in the black-lined container. At 
15 sec. before the expiration of the second 
S-min. period, remove and swirl the flask, 
and withdraw a drop for the spot test ex- 
actly as before, in time for a third increment 
of hexane at the beginning of the third 5-min. 
period. Continue this procedure till a 
positive spot is obtained. If the positive 


nucleus or ring is very faint, additional spots 
are obtained at the end of at least two more 
Successive 5-min. intervals, to make certain 
that the faint nucleus or ring first seen 
becomes progressively more marked in the 
Faint nuclei or rings that 


succeeding spots. 


may appear in sporadic spots but do not 
reappear in subsequent ones, or remain very 
faint and vaguely defined, are ignored as not 
authentic or significant.® 

5. Reporting Hexane Resistance: 

The Hexane Resistance—that is, the 
resistance of the asphalt-naphtha mixture 
to the flocculating force of the hexane—is 
considered equivalent to the total number of 
hexane increments required to give the first 
authentic positive spot, however faint.° 

There is evidence that the true resistance 
of a standard asphalt-naphtha mixture to 
flocculation by hexane is much greater than 
merely proportional to the number of in- 
crements added. Whether it increases 
regularly enough to be computed logarith- 
mically or in accordance with arithmetical 
or some other progression, cannot be stated 
till further work now under way is com- 
pleted. 


Hexane Resistance of Various Residuals: 

The hexane resistance of typical nega- 
tive-spot residuals from various crude 
oils, both foreign and domestic, as well 
as of one “synthetic” asphalt, is tabu- 
lated in the last column of Table I. 
Illustrations of the spot tests of a num- 
ber of selected asphalts from the fore- 
going group are found in Figs. 1 to 4. 
In these illustrations the identity of the 
asphalt is in every case shown by the 
letter symbol at the top of each column, 
which symbol is in turn explained in the 
second and third columns of Table I. 

The circular filter papers at the top 
and middle of each column show the 
spot tests taken during the hexane-re- 
sistance determination. It will be noted « 
that these spots are arranged in five 
horizontal rows of five spots each for 
each filter paper, thus providing for 25 
increments per paper and facilitating 
their count. The first authentic positive 
spot encountered in any hexane-resist- 
ance determination is shown enclosed in 
a hollow square. At times the spot 
enclosed in these hollow squares does 
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not appear positive in the illustration, elan residual of 30 penetration (item 20) Lom 
though in everysuch casea faint nucleus to as high as 51 and 61 increments on for ¢ 
or ring does show on the filter paper. two Kansas residuals of respectively 45 00 
The spots in the large rectangular penetration and 150 penetration from voce 
areas at the foot of each column were one refinery (items 7 and 8). - 
obtained in the course of the determina- These wide differences are no doubt on 
tion of the negative period. The due in part to each of the following - 
numeral over each such spot signifies the causes: (a) the inherent characteristics (ites 
number of days elapsed from the start of the crude oil base; (6) the age of the - 
of the test. Not all spots obtained sample—that is, the period elapsed since ” 
during the progress of the negative- its manufacture, great age apparently ume 
period determinations are included, but reducing the hexane resistance more rer 
only those illustrating the transition rapidly than it does the length of the on 
stage from negative to positive. In negative period; (c) the differences in eeu 
those cases where the transition to refining treatment prevailing in differ- yee 
positive has not yet been reached, only ent refineries—the more careful the re 
the latest negative spot is shown. treatment the higher apparently being yo 
The data in Table I and the illus- the hexane resistance. Thus, the wie 
trations in Figs. 1 to 4 show a marked slightly overheated Wyoming residual oe 
parallelism between the negative period (item 24), even though very soft, has a - 
and the hexane resistance, particularly resistance of only 7 hexane increments - 
for similarly prepared asphalts of the (and a negative period of 2 to 3 days), EFF 
same source and age; since all asphalts whereas the very next sample of Wyo- Ap 
of low hexane resistance have a very’ ming residual (item 25), brought down ; 
short negative period while all of high to 208 penetration but more carefully T 
hexane resistance have an extremely _ refined, has a resistance of 14 increments two 
long negative period, and intermediate (and a negative period of 65 to 72 days). to th 
asphalts in the same series show inter- Similarly the.two samples of Urbana posit 
mediate values. All these things point — residuals (items 2 and 3), whose refining to 0 
to the two methods being both quantita- _ history indicates slight overheating, have 10, 2 
tive measures of essentially the same a hexane resistance of respectively 20 two 
characteristic, whether the latter is and 22 increments; while their com- lows 
called relative homogeneity or, for panion sample (item 4), prepared under me 
simplicity’s sake, “negativeness” or some more normal refining conditions, has the . 
similar term. much higher hexane resistance of 36 Cail 
The data in Table I show further that, increments. 
just as in the case of the negative period, The question naturally arises whether se 
successive tests on like materials §IV€ this difference in hexane resistance may No.2 
closely concordant hexane-resistance re- — 
not be due largely to the differences in 
sults (compare items 9 and 10; 18 and TI 
19; 21 and 22; 25 to 28 incl.); but that asphaltene content of the various resi ae 
there is a wide range of difference in duals, — = the hexane-resistance the 
hexane resistance both between resi- ‘determination the asphalt frequently The 
duals from different crudes and residuals becomes fairly highly diluted by the at t] 
from the same crude manufactured at end of the test (though in no case even form 
different refineries. The hexane re- remotely approaching the dilution re 10, ; 
sistance of the asphalts examined varies quired in asphaltene-content determina- pt ; 


from 7 increments on an old Venezu- 


tions). An examination of the data in 


fh 


7 
i 


= 


_ 

Table I, however, shows that though, 
for example, the Trinidad and California 
residuals have the lowest asphaltene 
content of all, yet their hexane incre- 
ments average considerably less than 
those of the Texas, Kansas, and Arkan- 
sas_ residuals. Similarly, Smackover 
(item 1) has about the same asphaltene 
content as the Kansas residual (item 7); 
yet while the former has a fairly high 
hexane resistance, namely 30 or 31 in- 
crements, the Kansas sample has about 
double that resistance, namely 51 incre- 
ments—among the highest so far en- 
countered. Many additional similar in- 
stances of lack of correlation can be 
cited from Table I. Hence, it can be 
concluded that there is no necessary 
connection between the asphaltene con- 
tent and the hexane resistance of a resid- 
ual. 


EFFECT ON QUANTITATIVE TESTS OF 
ADDITIONS OF ‘‘POSITIVE”? MATERIALS 


To determine the sensitiveness of the 
two quantitative tests herein described 
to the addition of various proportions of 
positive-spot materials, there were added 
to one of these asphalts (S, item 1), 5, 
10, 20, and higher percentages of each of 
two cracking-coil tars, testing as fol- 
lows: 


In- 
Specific Xylene soluble 
rackIng- | Gravity} quiva- | in Pen-! 
Coil Tar Symbol lent, | tane, 
(77 F.) percent] per 
F.), se cent 
No. 15 |96to100} 27.03 
NO. 2 1.016 | 15 85 8.92 


| The various blends were then sub- 
jected to both the negative period and 
the hexane-resistance determinations. 
The results of these tests are tabulated 
at the foot of Table I, and the spots, 
formed by the series of blends with 5 
10, and 20 per’ cent of cracking-coil 
tar No. 1, are illustrated in Fig. 4. 
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the illustrations in Fig. 4, it will be noted 
that the effect of these added increments 
of the cracking-coil tars is to reduce 
substantially the negative period, and 
to decrease the number of hexane incre- 
ments in almost exact arithmetical pro- 


From the data in the tabulation and _ 


portion with the increase of the cracking- — 


coil tar content. As is to be expected, 
the cracking-coil tar No. 1, being 
manifestly a more highly-cracked prod- 
uct than No. 2, as evidenced by its 
higher xylene equivalent and its higher 
pentane insoluble, is more effective than 
the latter in reducing the hexane re- 
sistance and the negative period. 


PRACTICAL USEFULNESS OF QUANTITA- 
TIVE TESTS FOR HOMOGENEITY 


From the data submitted, it appears 
that either of the two quantitative tests 
for homogeneity herein described will 
readily differentiate between the nor- 
mally prepared residual, and a product 
from the same crude that has been 
slightly overheated or that has been 
adulterated with positive-spot materials, © 
even though the degree of overheating 
or the amount of added positive-spot 
material is not of itself sufficient to make 
the resulting product positive to the 
standard spot test. 


portant field of usefulness for these two 
quantitative tests, both to the producer 
and consumer, a prerequisite to accurate — 
diagnosis is the possession of a recently- 


Though the foregoing reveals an im- 


prepared sample of the normally-refined ; 


residual from the same crude, that may ; 
be used as a reference standard. This 
normal sample can always be obtained 
either direct from the refinery or (inde- 
pendently of the refinery) by a careful, 
small-scale reduction of the crude oil 
in a suitable laboratory steam or vacuum 
still. Once such a reference standard is 
available, any abnormality due to over- 
heating or to the addition of positive- 
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spot materials can be detected to anicety 
by either of the two quantitative homo- 
geneity tests here described. Which of 
these methods is the more efficient or 
authoritative it is impossible to state 
until additional work now under way is 
completed, though the hexane-resistance 
method appears for the present to be at 
least the more expeditious and practical 
of the two. 


CONCLUSIONS 


The reader of this paper, especially its 
first section, may have felt inclined to 
ask: If the primary function of the spot 
test is merely to differentiate between 
relatively stable and relatively unstable 
internal phase relationships (and not, 
as has been thought, to distinguish be- 
tween cracked and uncracked asphalts), 
what practical purpose can be served by 
such a rather abstract and seemingly 
arbitrary differentiation? The answer 
is: 

(1) Since all cracked and overheated 
asphalts are invariably characterized by 
a relatively unstable internal phase 
relationship and in the present market 
constitute the overwhelming majority 
of all asphalts so characterized, this in- 
stability of phase relationship is the very 
property we depend on in our spot test 
to differentiate in a practical sense be- 
tween cracked and uncracked asphalts. 

(2) Is there a difference in actual 
service performance between asphalts of 
relatively stable and relatively unstable 
internal phase relationship? ‘This ques- 
tion has been studied by Governmental 
bureaus, technical societies, universities, 
state highway departments, and others. 
While some of the findings reported have 


not been as conclusive as might be de- 


sired, the general trend of the evidence 
so far is that there is such a difference in 


performance—in some respects favorable 
to the one class, in other respects to the 
other. The fact that a difference has 
frequently been detected justifies the 
existence of the spot test (and the meas- 
urement the latter furnishes of relative 
phase stabilities), if for no other reason 
than that it makes it possible to segre- 
gate for separate study these two 
differently performing major groups 
of asphalt. 

(3) Since stability of internal phase 
relationship is gaged by the homogeneity 
of a solution of a given asphalt in 
naphtha, it follows that the test for 
stability of internal phase relationship 
(namely, the spot test) will automatically 
differentiate between asphalts which 
when made into cutbacks with naphtha 
are likely to remain smooth and homo- 
geneous indefinitely and those which 
may develop sludging or precipitation 
in storage. 

(4) As has been shown, the spot test, 
with its quantitative modifications, is 
capable of detecting and measuring even 
slight deviations of an asphalt from its 
“norm,” especially when these are due 
to differences in severity of heating dur- 
ing processing, or to a blending of the 
two types differentiated by the test. 
The detection and measurement of such 
deviations are manifestly extremely im- 
portant, not only in pure research and in 
conscientious refinery control, but also, 
and to a no lesser degree, in safeguarding 
the interests of the asphalt consumer. 
But it is now seen that these deviations 
are gaged directly by differences in 
relative stability of the internal-phase 
relationship. This should be a last con- 
vincing proof that the differentiation of 
the latter does indeed serve a useful and 
practical purpose., 
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Mr. B. I. Scoccrn! (by letter).—Since 
the Oliensis test was first presented to 
this Society in 1933,? there have been 
only two authoritative papers that con- 
tradict any of Mr. Oliensis’ findings. 
One of these is the paper by Born* and 
the other is Bureau of Mines Report of 
Investigation No. 3435.4 

J would hesitate to mention these 
papers of past years except that there is 
a direct reference to Born’s paper on 
page 1110 of this present paper. Mr. 
Oliensis makes the following statement 
with regard to Born’s paper: 

“Several asphalts of this type, cited 
ina paper by Born, were in my discussion 
of that paper shown to be characterized 
by an incompatibility of the ‘waxy 
bodies’ type, vulnerable to even moder- 
ate refining temperatures.” 

In an earlier paper,® Mr. Oliensis 
makes mention of the so-called vulner- 
ible materials: 75 per cent paraffin wax 

is mixed with 25 per cent of negative 
spot test asphalt and this mixture held 

temperatures varying from 212 to 

S00 F. When this mixture was tested 

the regular spot test procedure “a 
ndition somewhat similar, in fact, to 
racking’ may be induced in it by 
mperatures much lower than would 


Manager, Research and Development, Anderson- 
vard Oil Corp., Col-Tex Refining Co., Oklahoma 
’ a. 

G. L. Oliensis, “A Qualitative Test for Determining 
Degree of Heterogeneity of Asphalts,” Proceedings, 
Soc. Testing Mats., Vol. 33, Part II, p. 715 (1933). 
Sidney Born, “The Homogeneity of West Texas 
alts,” Proceedings, Am. Soc. Testing Mats., Vol. 
rt Il, p. 519 (1937). 

K. E. Stanfield, ‘Some Asphalts from Oregon Basin 
oming) Crude Oil,’’ Report of Investigation No. 3435, 
- Bureau of Mines. 

G. L. Oliensis, “A Further Study of the Hetero- 
ity of Asphalt —a Quantitative Method,” Proceed- 
Am. Soc. Testing Mats., Vol. 36, Part II, p. 498 


DISCUSSION 


(1937). 


cause ‘cracking’ ordinarily.” In 1937 
in a written discussion of Born’s paper® 
Mr. Oliensis states: 

“Furthermore, since as little as 400 F., 
and even 212 F., may develop coking or 
some similar heat-breakdown. . . the pre- 
sumption is that incipient cracking, or 
at any rate some type of heat-break- 
down, took place. ..” 

In Mr. Oliensis’ 1936 discussion of the 
75 per cent paraffin wax and the 25 per 
cent asphalt mixture he reports the 
formation of xylene insoluble bodies. 

By 1937 in the quotation listed above 
these xylene insoluble bodies have de- 
veloped into ‘‘coke or some similar heat- 
breakdown.” We note that Mr. Oliensis 


always follows any reference to this 


“cracking” with some statement such as 


“or some type of heat-breakdown” and — 
usually precedes such remarks with the > 


statement ‘the presumption is.” We 
agree with Mr. Oliensis that it is entirely 
a presumption to assume that heat had 


any direct relationship to the breakdown | 


to which he so often refers. 


Obviously the change is a change in 


intersolubilities that might logically be 
compared to a change that might be 
noted by taking a sample of the very best 
paint obtainable, material that is known 


to withstand even a most severe weather- | 


ing, and diluting this paint by a ratio 
of from 5:1 to 20:1 with an incompatible 
thinner and the paint will break from its 


former homogeneous solutions and will 


no longer form the homogeneous film 


6 Discussion by G. L. Oliensis of pa 
“The Homogeneity of West Texas Asphalts,’’ Proceed- 
ings, Am. Soc. Testing Mats., Vol. 37, Part II, p. 525 


r by Sidney Born, | 
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desired. I cite the above example as 
being a similar and parallel fact to the 
facts presented in Mr. Oliensis’ paper of 
7 1936. There are numerous similar cir- 

- cumstances of resinous materials break- 
ing from a solution; in no case can such 
changes be attributed to temperature 
susceptibilities alone. The fact that a 
portion of paraffin wax was used in Mr. 
Oliensis’ work is also more or less inci- 
dental, as a very similar condition can 
be brought about by adding regular 
“Oliensis naphthas” in the same propor- 
tions as the paraffin wax was added and 


then further diluting this mixture 
by making a_ standard spot test 
determination. 


I wish to emphasize the above facts 
concerning the reaction which Mr. 
Oliensis presumes to be cracking as I 
feel that this reference to cracking might 
well be compared to the definitions of 
cracking as outlined in the Bureau of 
Mines Report No. 3435 and the evidence 
of cracking as cited by Born, since both 
of the authors in question were criticized 
_ rather extensively by Mr. Oliensis. Mr. 
Oliensis’ definition and proof of his 
presumptions might be compared to 
defining the word “walking” as meaning 
“to walk.” In other words, asphalts 
that do not react normally to the Oliensis 
spot test are asphalts (according to Mr. 
Oliensis) that are especially susceptible 
to even moderate refining and this sus- 
ceptibility is proven by the reaction of 
the so-called vulnerable asphalt to the 
Oliensis spot test. We question this 
logic. Such precipitation and spotting 
of asphalts and other resinous materials 
_ by dilution with an incompatible naph- 
_ tha is normal and its correlation with 
_ refining temperature alone is extremely 
remote. There are other facts concern- 
ing the asphalts referred to in Born’s 
paper that we wish to include with this 
discussion: 

First, the raw crude oil from which 
these asphalts were made (when it had 
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not been subjected to any refining 
temperatures) is positive to the Oliensis 
spot test regardless of the fact that it has 
not been heated or altered from its 
natural state. We know that Mr. 
Oliensis does not recommend his test 
as a test on crude oil, but it is of im- 
portance here since it is another example 
of the so-called ‘‘vulnerable” materials 
in which temperature has very distant 
connection. 

Second, the asphalt to which Born 
refers is a very stable material. It 
passes all types of oxidation tests such 
as the Shattuck oxidation test as well 
as certain film oxidation tests as de- 
scribed by Benson’ in his very thorough 
work on oxidation of asphalt films. 
Stability to weathering and stability of 
inter-solubilities should not be confused. 

The above facts substantiate Born’s 
contention that asphalts that may some- 
times show a definite correlation between 
a positive reaction to the Oliensis spot 
test and unstability indicated by low 
weather resistance could just as well 
have been detected by the use of a 
solvent of 60 aniline as compared with 
the standard Oliensis solvent of 138 
aniline. 

Furthermore, it is a fact of primary 
importance that the xylene insoluble 
materials report€d by Mr. Oliensis in 
1936 are not found in the asphalt men- 
tioned in Born’s paper and, in the 4 yr. 
that have elapsed since the presentation 
of this paper where Oliensis was chal- 
lenged by Born to show the existence of 
any such xylene insoluble matter, there 
has been absolutely no evidence on this 
subject presented. 

We are gratified by the fact that Mr. 
Oliensis in the last section of his present 
paper offers a practical quantitative test 
for homogeneity embodying the method 
of laboratory approach which is almost 
identical with that proposed in 193/ 
by Born plus the added hexane resistance 
4 J. R. Benson “Microscopic Reactions in Translucent 


Asphaltic Films,” Proceedings, Assn. Asphalt Paving 
Technologists, Vol. 9, December, 1937, p. 102. 
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test which is similar to the test presented 
by Benedict.* 

Mr. JosePpH Zapata’ (by letter).— 
There is nothing I can add to Mr. 
Oliensis’ theoretical discussions, but I 
have some information which I believe 
is pertinent to the practical application 
of the spot test. 

The accompanying Fig. 1 represents 
five groups of asphalts from different 
courses: A from a Texas crude oil, B 
from a Mid-Continent crude oil, D from 
a Mexican crude oil, C from a partly 
cracked residue, and E from a highly 
cracked residue. A large sample of each 
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Oily Constituents 
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cated in the reaction of the resins towards 
the fuller’s earth as well as striking 
differences in the percentages. The 
asphaltenes show some similarity, while 
some differences can be noted in the oily 
constituents. 

It might be said that the aforemen- 
tioned results are only of academic 
interest; however, striking differences 
between positive and negative spot 
materials can also be observed in mixes 
prepared with these materials. 

Using a commercially available ag- 
gregate having a gradation similar to a 
gradation used in road mats, mixes were 


Synthetic 
Oils B 


Oily Constituent 


lc. 1.—Composition of Asphalts. Laboratory analysis related to synthetic (blended) composition. 


material was separated in a pilot plant 
into asphaltenes by the use of hexane 
and resins and oily constituents by means 
of propane. These three components 
were then recombined in various pro- 
portions to make 30 different samples, 
many of which duplicated commercially 
ailable products. Each sample was 
tested by means of hexane for asphaltene 
content, and with fuller’s earth to extract 
the resins. The results of these tests 
are shown in the accompanying Figs. 2, 
3,and 4. Definite differences are indi- 


‘A. H. Benedict, “Development of the Modified 
rlantitative Oliensis Spot Test,” Proceedings, Assn. 
\sphalt Paving Technologists, Vol. 11, January, 1940, 


* Senior Chemist, Laboratory of the State Highway 
mission of Wisconsin, Madison, Wis. 


made with positive and negative spot 
asphalts of the SC type using 11 per cent 
by volume of asphalt, which corresponds 
to percentages used in the field. By 
means of standard procedures, briquets 
were made and tested for resistance to 
compression and for toughness. 
results of these tests are shown in the 
accompanying Figs. 2, 3 and 4. These 
results, which are typical, indicate the 
need for differentiating cracked from 
noncracked materials. This can be done 
readily by means of the spot test. 

Mr. Oliensis has developed quantita- 
tive measurements of heterogeneity. 


There is a tendency to use xylene equiva- 
lent numbers as an indication of the 
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DISCUSSION ON SIGNIFICANCE OF OLIENSIS Spot 
‘TABL E I.—A COMPARISON OF CHARACTERISTICS 300 = 
, OF NEGATIVE AND POSITIVE SPOT MATERIALS pres 
OF DIFFERENT XYL ENE EQUIV AL ENT VALUES. 
| Xylene 
Furol Xylene | Equiva- Resist- indi 
Viscos- | Spot Equiva- | lent of Compres-| #2¢¢ to 800 tions 
— Test, lent, Residue. | ~ Impact, 
; 140 F., | Original | Original | Used in si. | BUMber M 
, Original | Sample | Sample, | making pe. of 
Samples percent| Bri- blows can 
| quettes, 700 have 
360 neg. 0 17.2 25 , ing. 
381 neg. 0 71.0 45 ] =e 
398 neg. 0 0- 5 11.2 20 7 gests 
neg. 0 10 186.0 38 A 
385 pos. ow” ”) 236.0 4 600 tion. 
352 pos. 85 | 90 320.0 3 ‘ 
375 pos. 100 | 75.2 1 
- - a 
In order to obtain laboratory data comparable to -500 os 
data obtained in the field, the materials were heated c 7 
for 165 min. in a container as specified in the Standard re} 
Method of Test for Residue of Specified Penetration D 
(D 243 - 36), 1939 Book of A.S.T.M. Standards, Part 0 
II, p.414. See Hoiberg, Hougen, and Zapata, ‘‘The Prop- o 
erties and Composition of Asphalts of the Slow Curving , 400 
Type,” Bulletin 86, October 1939, University of Wisconsin £ 
Engineering Ex xperime nt Station, Madison, Wis., for fur- 6 
ther details. 
300}— 
80 =, 
5 
200 0 
- 4 | 
$60 VA 3 
av 
Eo 100}--— 
ov | 2 
40 | 
ce 0 
‘mpoct 0 82 123 
ee - Period of Heating in Open Container, min. 
(D 243-28T ) 
8 Fic. 3.—Asphalts, Type SC, Positive Spot." 
E 0 
80 
o 40 
43 Compression age WA D re 
Eas been 
20 0 22 
+o crack 
areas 
0 
0 4\ 82 123 164 ZE 20 comy 
Period of Heating in Open Container, min. 3 spot 
(D 243-26T ) comy 
/ 
Fic. 2.—Asphalts, Type SC, Negative Spot." 0 ? of 
0 4| 82 123 “ad teria! 
Data to establish the period of heating were obtained Period of Heating in Open Container, min trian 
in the course of investigating changes taking place in a (D 243- 26T ) AL: 
: road mat—see Bulletin 86, University of Wisconsin En- whicl 
gineering Experiment Station. ‘Fic, 4.—Asphalts, Type SC, Positive Spot.” whic] 
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presence of desirable qualities. The 
data in the accompanying Table I 
indicate the need for further investiga- 
tions of the value of these equivalents. 

Mr. Oliensis states that positive spots 
can be obtained with materials which 
have not been subjected to  crack- 
ing. The accompanying Fig. 5 sug- 
gests an explanation for this observa- 
tion. In the figure, triangles A, B, and 
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constituents despite efforts to disperse 
them. It should be noted that although 
we have been able to prepare, using 
fractions from noncracked residues, 
samples of compositions which show 
positive spots, we have not found in 
commercially available products com- 
positions of similar character. 

Mr.G. L. Oxrensis!! (author’s closure, 
by letter).—Mr. Scoggin has apparently 


Oils C 


100 0, 100 


si- 
Except 2, 
those shown, & 


Area of 
Homogeneity 


IN 


Negative Spot 


oD 


0 
Oily Constituents —> 100 


1) represent materials which have not 
been subjected to cracking; C partly 
cracked materials and E highly cracked 
residues. In triangles A and D two 
areas are shown, one which includes 
compositions which will give a positive 
§ ‘pot test and another which comprises 
compositions of homogeneous materials 


-—" of negative spot character. With ma- 

; erlals of the type represented by 
min triangle B, compositions can be made 
spot.” which will shew a negative spot, others 


which will be nonhomogeneous, that is, 
the asphaltenes will float in the oily 


Fic. 5. 


Synthetic Oils E 
l00 


Positive Spot for 
all Compositions 


of 


0 
100 


Oily Constituents —> 


chosen this opportunity to discuss my 
1936 and 1937 statements rather than 
the present paper. However I shall 
answer him as best I can. 

Mr. Scoggin begins his discussion by 
stating: “There have been only two 
authoritative papers that contradict 
any of Mr. Oliensis’ findings”—the 
paper by Born and the Bureau of Mines’ 
Report of Investigation No. 3435. 

Mr. Scoggin is mistaken in stating 
that the latter report contradicts any 


ul Chemist in Charge, Technical Dept., Barber Asphalt 7 


Corp., Madison, Ill. 


4 
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100 A 0 of Negative Spot N N 0 
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of my findings.” Moreover, Mr. Scog- 

gin is apparently unaware that two 

years after the appearance of Report 

No. 3435 the Bureau of Mines released 

a final and much more comprehensive 

report on the same subject, in which it 
is stated": 


“As the positive-spot asphalts while being 
prepared had been subjected to higher tem- 
peratures than the negative-spot asphalts 
from the same crude oils, the spot tests were 
considered to be a measure of their degree of 
overheating or cracking.” 


Mr. Scoggin can hardly call the fore- 
going a contradiction of my findings 
and can hardly question, after this un- 
- biased statement, the existence of a 

connection between cracking and over- 
heating on the one hand and a positive- 
spot reaction on the other. 

Nevertheless, Mr. Scoggin now reit- 
_ erates the point first raised by Mr. Born 
in 1937 about the residuals of certain 

West Texas crudes. Mr. Scoggin’s ar- 
gument runs about as follows: That 
these residuals have not been cracked or 
overheated, and should therefore right- 
fully react negative to the spot test; 
but that since they do not react nega- 
tive with the standard naphtha the 
fault must be with the naphtha and 
not with the asphalt; that hence a more 
compatible naphtha (by which is clearly 
meant a naphtha of higher solvent power 
than the standard) should be used so as 
to make these West Texas residuals pass 
the test, and once having passed the 
test they will have been demonstrated 
to be negative, q.e.d.! This unique 
line of reasoning comes from one who 
criticises me for lack of logic and who 
states that I define “walking” as mean- 
ing “to walk’! 
Mr. Scoggin intimates that my past 
references to cracking are vague and 


2 For a full discussion of that report see G. L. Olien- 
sis, “Efficacy of Oliensis Spot Test on Slightly Cracked 
Asphalts, ’’Proceedings, Montana National Bituminous 
Conference, p. 193 (1939). 

13 “Report of Investigations—Asphalts from Wyoming 
and Other Asphalt-Bearing Crudes,” Report of Investiga- 
tions 3568, p. 27, Bureau of Mines, May, 1941. 
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lack definiteness. Now, none of us 
knows very much about the exact na- 
ture of cracking, nor is it to be over- 
looked that the oil refiners may not 
have the same concept of it as do their 
customers who are practical users of 
asphalt in paving, roofing, and water- 
proofing, and who may therefore have 
their own notions on the subject. I 
brought out precisely this point in my 
comments on T. H. Rogers’ discussion 
of my 1936 paper,“ wherein I said: 


“Regardless of what meaning is usually 
applied to the term ‘cracking’ in oil refinery 
practice, it will be generally held in the asphalt 
industry that when a heat reaction takes 
place in a pure-bitumen asphalt that develops 
in it substantial quantities of coked material 
or free carbon, totally insoluble in carbon 
bisulfide, this constitutes essentially a cracking 
reaction.” 


If Mr. Scoggin feels that he has a precise 
definition of cracking that will hold 
water both with the producer and con- 
sumer, let him by all means divulge 
it. I have no such definition to offer. 
My guarded references in the past to 
“conditions similar to cracking,” my 
frequent linkings of “cracking” with 
“coking” or with some similar type of 
breakdown in the structure of the 
bitumen, were worded as they were, 
advisedly and after careful considera- 
tion, in order to make clear that I did 
not wish to tie my test down to some 
narrow and rigid definition of cracking; 
for I had already begun to visualize, 
even as early as 1936, the possibility of 
a much broader scope for the spot test. 
This wider scope I have for the first time 
attempted to describe at some length 
in my present paper—by pointing out 
that the spot test identifies, not primarily 
cracking, but something more funda- 
mental, to wit: stability or instability of 
the internal-phase-relationship of the 
asphalt, and that cracking is therefore 


G. L. Oliensis, “A Further Stud, the Hetero 
geneity of Asphalt—A Quantitative Metho-, Proceeding’, 
Am. Soc. Testing Mats., Vol. 36, Part II, p. 514 (1936). 
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only one of several possible causes of 
such instability. 

Hence I cannot quite see Mr. Scog- 
gin’s motive in reviving after so many 
years the old controversy about West 
Texas residuals—and doing so in a dis- 
cussion of this present paper of all others. 
For even if he should now be able to ac- 
complish the formidable task of prov- 
ing that the residuals he is interested in 
have not been cracked, in any sense of 
that very broad term, he could not 
sidestep the more fundamental fact 
that since these West Texas residuals 
cannot stand the conditions of the stand- 
ard spot test that the normal straight- 
reduced residual can stand, the former 
have ipso facto a relatively unstable 
phase relationship in comparison with 
the latter. (Even Mr. Scoggin’s refer- 
ence to the precipitation resulting when 
a [presumably asphaltic?] paint is highly 
diluted with naphtha, though rather far- 
fetched, may be accepted as a rough 
illustration of the point I have just 
made; for such a paint could manifestly 
be judged to have a more “unstable in- 
ternal-phase-relationship” than another 
similar paint which could stand the same 
degree of dilution without any precipi- 
tation.) 

I need not enter here, of course, into 
a discussion either of the cause of this 
telative instability of phase relationship 
in the West Texas residuals, or of the 
merits of these residuals, or of the still 
broader question whether such relative 
stability or instability is desirable or 
undesirable in asphalts, for these mat- 
ters are essentially outside the scope of 
the spot test itself, as the latter merely 
points out relative stability or instability 
and does not attempt to explain or 
evaluate it. 

As to Mr. Scoggin’s “challenge” of 
the claims I made in my 1936 paper 
about the development of coking or heat 


’ hens is, the conditions of the spot test as standard- 
ally one technical society and being used so gener- 
“Y, €ven in patent specifications. 


breakdown in asphalts containing more 
waxy bodies than they can tolerate, I 
still contend that that phenomenon 
does occur, has been repeated numerous 
times in the laboratory, and can readily 
be demonstrated. 

One more point: I am _ wondering 
whether Mr. Scoggin means, by the last 
paragraph of his discussion, that my 
quantitative tests for homogeneity are 
based upon methods proposed in 1937 
by Born and upon a modification of a 
test presented by Benedict. If so, 
it is sufficient to refer Mr. Scoggin to 
the paper in question, in which he will 
find it is definitely implied that my 
quantitative method for determining 
the negative period is entirely original 
with me, and that my quantitative 
method for determining hexane re- 
sistance is an outgrowth and modifica- 
tion of the method developed by Messrs. 
Winterkorn and Eckert, to whom I have 
given credit, and not by others. 

Mr. Zapata’s discussion is all of it 
extremely interesting, but two phases > 
of it are particularly pertinent to this 
naper. One is the data in Table I and 
Figs. 2, 3, and 4, which show a marked 
difference in compression and in re- 
sistance to impact as between negative- 
spot and positive-spot asphalt paving 
mixtures. This bears out the remarks 
in the conclusion of my present paper, — 
and, I might add, is entirely consistent 
with the increasingly large amount of 
similar data that is steadily accumu- 
lating in the proceedings of various 
societies, in the research bulletins of. 
universities and state highway depart- 
ments, and in the publications of the 
Public Roads Administration. 

Of still more fundamental value, 
however, is the light cast upon the na- 
ture of “‘negativeness” and ‘“‘positive- 
ness” (or, stable and unstable internal- 
phase-relationship) by the triangular 
charts in Mr. Zapata’s Fig. 5, indicating 
the degree of homogeneity of various 
synthetic blends of fractions derived 


| 

a 
| 
rt | 
ir | 
of 
| 
ve 
ny 
on 
lly 
alt 
kes 
0) 
bon | | 
cing 
cise 
old 
‘on- 
ilge 
ffer. 
to 
my 
with 
e of 
the 
vere, 
lera- 
did 
some 
king; 
lize, 
ty of 
test. 
time | 
ength 
y out | 
narily 
unda- | 
ity of 
f the 
refore 
Hetero- 
yceeding’, 


from the asphalts from five different 
crude oils. They show that as one ad- 
vances from the left lower apex of each 
triangle upwards and to the right—in 
other words, as one decreases the resins 
and increases the asphaltenes and oily 
constituents—the blends change from a 
negative to a positive type (as exem- 
plified in triangles A and D) or from a 
positive type to a visibly granular 
texture (as exemplified in triangle C). 
Triangle B is especially arresting, as in 
it all three of the above types are 
progressively | encountered—negative, 
positive, and visibly granular. No one 
can fail to be struck (a) by the paral- 
lelism between this series of progressive 
changes in state, and that encountered 
in the field of colloidal chemistry as one 
advances from the finest or molecular 
_ dispersions, through the intermediate or 
colloidal dispersions, and on to the coars- 
est or visible dispersions; (b) by the 
probability that the difference between 
negative, positive, and granular types 
of bitumen is essentially analogous to 
the difference between molecular, col- 
loidal, and coarse dispersions—namely, 
one of fineness of dispersion; and (c) 
by the logical inference that the posi- 
tive asphalts occupy an_ intermediate 
position between the negative and the 
visibly granular asphalts, analogous 
to that occupied by the colloids be- 
~ tween the molecular and coarse particles. 
Nor can one avoid the inevitable con- 

J clusion that just as in colloidal chemistry 
it has been found that there is no sharp 

- dividing line (either in respect to size 
or in respect to physicochemical char- 
acteristics) as between molecular and 
colloidal particles or as between col- 
‘betel and coarse particles, but that 
these groups merge almost imperceptibly 
into one another at the point of transi- 
- tion; so in the case of our bituminous 
dispersions there can be expected no 
sharp dividing line as between the 
negative and the positive, or as | between 
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the positive and the granular groups, 
either in respect to fineness of dispersion 
or in respect to stability of internal- 
phase-relationship, but that all these 
characteristics merge imperceptibly into 
one another during the transition from 
one group to the next. 

If this be so, it seems futile to hope 
for a test capable of differentiating 
sharply between negative and positive, 
or between slightly positive and defi- 
nitely positive products—unless, to take 
care of this gradual transition or shad- 
ing from one state to the other, the test 
is governed by rigidly standardized 
conditions, as is indeed required in so 
many other of our tests for bituminous 
material, even some of the oldest ones. 
If these standardized conditions of the 
spot test are altered or tampered with, 
serious confusion will be bound to 
result; and that would be especially 
regrettable because it seems altogether 
unnecessary that these standard condi- 
tions should be altered. For the spot 
test, rigidly as it has been standardized, 
has fortunately proven flexible enough 
to accommodate itself to this broader 
understanding of the internal structure 
of bitumen and the gradual transitions 
that exist therein; and already provides 
in itself, with the aid of its several sup- 


plementary methods for quantitative 
determination, a means of simply and 
rapidly measuring all these gradual 
transitions from the negative to the 
positive state. 

No doubt, as more and more spot 
test data, both qualitative and quanti 
tative, are recorded on the various 
asphalts available to the industry and 
on the behavior of such asphalts in 
service, these accumulated data will 
ultimately be of considerable aid in 
determining whether positive or nega- 
tive types of asphalts (and what precise 
degree of phase-stability or dispersion 
in each type) are preferable for any 
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SYNOPSIS 

Asphalts refined from several crudes by different refining methods are 
dissolved in benzol and recovered by the Bussow method, using maximum 
asphalt temperatures of 250 C. and 300 C. Penetration, ductility, soften- 
ing point, loss on heating, and penetration after loss on heating are deter- 
mined and compared with the original asphalt. 
15 to 100 cm. in ductility and yield conclusive data on the effect of maxi- 
mum recovery temperature on the ductility of the recovered asphalt. 


Steinbaugh and Brown,’ observed that 
blown asphalts recovered below 200 C. 
had lower ductilities than the original 
asphalts but if the recovered asphalts 
were heated in a closed flask to 300 C. 
the ductility increased to that of the 
original asphalt or, in some cases, to a 
higher value. The asphalts used by 
them were oxidized in the laboratory 
by heating to 250 to 260 C. on the hot 
plate. The author believes that the 
oxidized components were not com- 
pletely dissolved in the other components 
of the asphalt at 260 C. but did dissolve 
when the asphalt was heated to 300 C. 
in the recovery flask; and that the more 

omplete solution in the latter case was 
the direct cause of the higher ductility 
obtained. The author investigated the 
influence of the recovery temperature 

nm the ductility of refinery produced as- 
phalts, both blown and steam reduced, 


irom different crude oil stocks, as listed 
n Table I. 


Vice-President and Chief Chemist, A. W. Dow, Inc., 

York, N.Y. 

a. B. Steinbaugh and J. K. Brown, “A Study of 

shalt Recovery Tests and Their Value as a Criterion of 

vice Behavior,” Proceedings, A 
‘echnologists, Vol. 9, p. 138 (1937). 
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THE INFLUENCE OF RECOVERY TEMPERATURE ON THE © 
DUCTILITY OF THE RECOVERED ASPHALT 


By Cart Bussow! 


The asphalts range from 
Refinery produced asphalt was used in 

this investigation so as to be assured of 
the greater uniformity of composition 
resulting from thorough agitation dur- 
ing the blowing process. It was_ be- 
lieved that oxidizing paving asphalt 
coated on mineral aggregate by ex- 

TABLE I.—MATERIALS. 
Asphalt | Crude Stock Refining Method Refined 

Venezuela | Steam reduced 425 C. 
Mexican—Panuco Steam reduced 400 C. 
D........| Texas Blend Steam reduced 375 C. 
ee Texas Blend Steam reduced | 375C. 
Mexican—Panuco Oxidized | 250C. 
Colombia Vacuum reduced,| 260 C. 
oxidized 
H........| Colombia Vacuum reduced,| 260C. 
oxidized 

Illinois Basin Vacuum reduced, 280C. 

oxidized | 7 
Texas Blend Oxidized 260 C. 


posing the hot bituminous mixture to_ 
air would lead to errors inasmuch as the 
oxidation would occur only in a layer | 
of minute thickness and not be general > 
throughout the film of asphalt on the 
aggregate grains. The variables in- 
troduced by this condition would obscure 
any direct relationship between the 
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ductility and the recovery temperature 
of the asphalt, the direct object of this 
investigation. 


Procedure: 
The asphalts were dissolved in an 
equal weight of pure benzol by boiling 
under a_ reflux condenser. Approx- 
imately 200 g. of solution were distilled 
in the 500-ml. flask used in the Bussow 
recovery method.** As many blown 
_asphalts are produced at about 250 C. 


TABLE II.- STEAM-REDUCED ASPHALTS. 
| < =) 
<= <= <= = = 
$1313) 
d at 25 
Original 21 74 45 54 
Recovered at 250 C. 35 22 76 47 56 
Recovered at 300 C. 33 20 7 44 5 
- Ductility at 25 C., cm. 
Original 100 53 100+ |50 (93 
Recovered at 250 C. 100 26 100+ |46 
Recovered at 300 C. 100 100+ |48 
Ring-and-ball softening 
point, deg. Cent. 
Original 60.5 \69.8 | 48.8 |58.2 |56.0 
Recovered at 250C.....| 60.5 |69.5 | 48.7 |57.8 |55.7 
Recovered at 300 C.... | 60.7 |69.9 | 48.9 |58.0 |56.0 
Loss of 163 C., per cent 
Original 0. -02| 0.02) 0.01) 0.02) 0.02 
Recovered at 250C... 0.21) 0.20) 0.06) 0.20| 0.16 
Recovered at 300C... 0.07) 0.12) 0.03) 0.06) 0.03 
Penetration of residue at 
25 C. 
Recovered at 250C.....| 27 19 59 |39 |48 
Recovered at 300C... 26 60 |48 


this maximum temperature was used as 
well as 300 C., the usual recovery tem- 
perature recommended by the author for 
asphalts harder than 100 penetration. 


Effects of Recovery Temperature: 


The data for the steam-reduced as- 
phalts are given in Table II. Four out 
of five asphalts have the same ductility 


3Carl Bussow, “‘Notes on a Method of Recovering 
Bitumen from Paving Materials,’’ Proceedings, Assn. 
Asphalt Paving Technologists, January 23, 1936 160 
4 Carl Bussow, “‘A Study of the Recovery of Bitumen 
from Soft Asphalt Cements by the Bussow Method, 
Q seaene, . Soc. Testing Mats., Vol. 40, p. 1201 
1940). 
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after recovery as in the original asphalt, 
although the maximum recovery tem- 
peratures of 250 C. and 300C. are far 
below the refinery temperatures of 375 
C. and 425 CC. The fifth, asphalt B, re- 
fined at 400 C. behaves differently, 
The ductility of the asphalt recovered at 
250 C. is lower than that of the asphalt 
recovered at 300 C., which is itself lower 
than the ductility of the original asphalt. 
An increase in temperature of recovery 


TABLE III.—OXIDIZED ASPHALTS 


4131321312 
Penetration at 25 C. 
Original ..130 {52 
Recovered at 250C... 31 64 38 47152 
Recovered at 280 C. 6 
Recovered at 300C... 29 64 37, 
Ductility at 25 C., cm. 
Original 29 41 85 16 
Recovered at 250C... 26 
Recovered at 280C... 16 
Recovered at 300C... 28 
Ring-and-ball softening 
point, deg. Cent. | 
Original .. 68.7 |57.7 |60.0 \67.8 |64.4 
Recovered at 250 C. 168.4 |57.7 159.8 |67.8 164.4 
Recovered at 280 C. ; | 68.0 
Recovered at 300 C. 168.5 57.9 |59.9 68.0 |64.5 
Loss at 163 C. per cent. } 
Original ..| 0.12) 0.05) 0.04) 0.01 
Recovered at 250 C. 0.20] 0.14) 0.07; 0.03 
Recovered at 280 C. ; 0.04 
Recovered at 300 C.......| 0.14! 0.08) 0.01) 0.06 
Penetration of residue at 
Original 25 59 32 
Recovered at 250C... 26 57 32 
Recovered at 280 C. (2% 
Recovered at 300 C.. 25 58 |25 |43 


has brought the ductility closer to that 
of the original asphalt. 

In considering the other properties 
of the recovered asphalts, it will be 
noted that the maximum variations for 
300 C. recovery are 1 point in penetra 
tion, 0.2 C. in softening point, 0.10 per 
cent in loss at 163 C., and 1 point in 
penetration after heating. For the a 
phalts recovered at 250 C. the maximum 
variations are 2 points in penetration, 
0.4 C. in softening point, 0.18 per cea! 
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in loss at 163 C., and 2 points in pene- 
tration. The maximum variations from 
the original are greater when recovered 
at 250 C. than at 300 C. maximum 
temperature but they are within the ex- 
perimental error and can be considered 
checks of the original asphalt. 

The data for the oxidized asphalts are 
given in Table III and show some in- 
teresting results. Asphalts F, G, H, 
and J, blown at 250 C., after recovery 
at 250 and 300 C. have the same duc- 
lity, within experimental error, as the 
original asphalts, but asphalt I, blown 
at 280 C., shows a marked loss in duc- 
tility when recovered at 250 C. while it 
checks the original ductility when re- 
covered at 280 and 300 C. In no case 
was the ductility of the recovered as- 
phalt raised above that of the original 
asphalt, except within the limits of ex- 
perimental error. ‘The other properties 
of the recovered blown asphalts have 
essentially the same maximum varia- 
tions as with the steam reduced asphalts 
and can be considered checks of the 
original asphalt. 

It should be noted at this point that 
it is unnecessary to recover the asphalt 
as soon as it is in solution in order to 
prevent hardening and loss in ductility; 
when the author’s method of recovery is 
used Steinbaugh and Brown? have 
demonstrated that asphalt recovered 
after standing weeks in benzol solution 
had the same penetration and ductility 
is the original asphalt. 

It is logical to infer that where the 
character of an asphalt has been altered 
by dispersion in a solvent in which its 
component parts are not all equally 
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soluble, the less soluble will separate 
upon standing in solution or upon the 
evaporation of the solvent and will not 


be restored to their former condition of 
mutual solubility with the other com- 
ponents until the asphalt has been heated 7 
to the temperature at which it was origi- 
nally formed or to some lower temperature 
that will permit the same degree of mu- 
is not always possible to raise the tem- 


tual solubility of the components. It 
perature of the recovered asphalt to that 
of its refining for, if the temperature in 
the recovery flask exceeds 300 C., marked 
cracking soon starts. That fact gov- 
erned the author in adopting 300 C. as 
the maximum temperature in his re- 
covery method. It was found that 300 
C. was sufficient, with rare exceptions, 
to bring about solubility conditions that 
restored the original ductility and other 
properties of the asphalt. 


Conclusion: 


Asphalt can be recovered with essen- 
tially unchanged penetration and soften- 
ing point at temperatures equal to, or 
lower than, the production temperature — 
but the ductility is more sensitive to the 
temperature of recovery. Even though > 
all the benzol has been removed, the — 
recovered asphalt will not have its true 
ductility restored until it has been heated j 
to a temperature high enough to restore 
the original condition of mutual solu- 
bility of its components. Usually 300 C. 
is sufficient for this purpose and should 
be used in the absence of exact knowl- 
edge of the correct refinery temperature; 
the ductility will not be increased in the 
case where the production temperature 
was less than 300 C. 
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STUDIES ON THE MEASUREMENT OF WATER VAPOR IN GASES 


By F. C. Topp! anp A. W. GAUGER? _ 
SYNOPSIS 


To facilitate the comparison of the measurements of the moisture content of 
gases by the many methods now in use, two methods are presented for the 
measurement of the absolute moisture content of fuel gases. These methods 
are applicable to both manufactured and natural gas with the impurities nor- 
mally found inthem. ‘The absorption of radiation near 1.87 microns (18,700 
A) by water vapor is employed for a laboratory method. The sensitivity of 
equipment built for the infrared spectrophotometric method is shown to be 
of the order of 0.25 per cent of the relative humidity at 22 C., but the effects 
of all the impurities have not been determined. In the portable colorimetric 
method for field use, fractions condensable from the gas at —70 C. are re- 
moved from an accurately measured quantity of gas and the condensate mixed 
with an indicator solution of cobaltous bromide in n-butyl alcohol. The 
color of the indicator solution depends on the amount of water, the amount 
of nonaqueous condensate and its color, the solubility of water in the conden- 
sate, and the temperature of the indicator solution. An instrument for making 
the colorimetric measurements is described and correction methods outlined for 


the above variables. The reproducibility of the measurements is discussed and 


_ shown to be good. 


In the production, transportation, and 
distribution of fuel gases, the moisture 
content is of great importance in the 
control of corrosion and in the prevention 
of hydrate and ice formation in the lines 
and regulators. Measurements and cal- 
culations which assume Dalton’s law of 
partial pressures for perfect gases give an 
accuracy sufficient for many industrial 
applications; however, applications do 
exist which demand greater precision 
than can be obtained by such methods. 
The order of the deviation from Dalton’s 
law depends on the composition, tem- 
_ perature, and pressure of the gas. The 
ss Assistant Professor, Petroleum and Natural Gas Engi- 
neering, The Pennsylvania State College, State College, Pa. 

2 Director, Mineral Industries Research, The Pennsy]- 


vania State College, State College, Pa. 


quantity of water vapor may be esti- 
mated theoretically by a method devised 
by Keyes in which equations of state for 
the gas and water vapor are used and 
correction is made for the Poyntung 
effect. Using this method and available 
data,’ the following gases in equilibrium 
with water at atmospheric pressure and 
83 F. contain more water than predicted 
by Dalton’s law by the following 
amounts: air, 0.87 per cent; methane, 2.3 
per cent; and ethane, 2.1 per cent. 
Hammerschmidt! has shown that the 


3 Frederick G. Keyes, “Note on a Corresponding-State 
Equation of Practical Interest for General Physico- hemi- 
cal Computations,” Journal, Am. Chemical Soc., Vol. 6, 
pp. 1761-1764 (1938). 

4 Elmer G. Hammerschmidt, ‘Calculation and Determ 
nation of the Moisture Content of Compressed Natwr 
Gas,”’ Western Gas, Vol. 9, pp. 9-11 (1933). 
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MEASUREMENT OF WATER VAPOR IN GASES 


error is 19 per cent for a commercial 
natural gas at a pressure of 800 psi. 

Many devices have been employed to 
measure the water vapor in gas. Among 
the methods known to have been used on 
natural gas lines are those that weigh 
the amount of water absorbed by a dry- 
ing agent, that measure the temperature 
of the dew point, that employ the reading 
of wet and dry bulb thermometers (or 
thermocouples), and that determine the 
compression necessary to produce con- 
densation. For gases that have un- 
known specific heats and that deviate an 
unknown amount from the perfect gas 
law, the results obtained by these 
methods cannot be converted by theo- 
retical means to a common basis for com- 
parison. The presence of heavier hydro- 
carbons and of the impurities found in 
gaseous fuels complicates experimental 
comparisons; for example, the methods 
listed cannot all be used to make com- 
parison measurements on a gas saturated 
with natural gasoline. 

Subcommittee VI of the Society’s 
Committee D-3 on Gaseous Fuels, of 
which Mr. Gauger is chairman, con- 
sidered the requirements necessary for a 
reference method for the comparison of 
the multitude of methods available and 
in use. In the discussion at its 1938 
meeting, the subcommittee formulated 
these requirements substantially as fol- 
lows. The absolute water content is to 
be measured in gaseous fuels, relatively 
independent of the pressure, and gaseous 
fuels are specified to include both natural 
and manufactured gas. Either gas may 
be partially, or completely saturated 
with heavy hydrocarbons and, in addi- 
tion, may contain any type of impurity 
normally found in these gases. The 
composition of the gas need not be known 


and may vary during collection of the 
sample. 
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An extensive literature survey was 
made of the reported methods for the 


CHoIce or METHODS 
measurement of the moisture in gases in 
order to permit a more judicious choice of 
the best available methods for further 
investigation. Many methods have 
been developed for specific applications 
which range from the measurement of 
the mobility of ions as influenced by the 
moisture content of the gas® to the 
change in thermal conductivity of the 
gas as a function of the water content.® 
The requirements imposed by the state- 
ment of the problem eliminate most of 
these methods from consideration. The 
most difficult requirements are indepen- 
dence from the variable composition of — 
the test gas, from the absolute pressure - 
of the test gas, and from the possible 
presence of small amounts of ammonia, 
or hydrogen sulfide. "Two methods were 
finally chosen for experimental investi- 
gation, the absorption of light of a 
certain wave length in the near infrared, — 
and the change in color on hydration of 
certain halogen salts in solution in or-— 
ganic solvents. 

The selective, quantitative absorption 
by water vapor of radiation at a specified 
wave length in the near infrared was 
selected as a method for a laboratory 
standard. The absorption by the infra- _ 


red has not been used much for the quan- 
titative measurement of very small quan- 
tities of water; however, Strong’ recently _ 
employed the absorption in a near infra- 
red band to measure the quantity of 


water in the atmosphere. The absolute 
sensitivity of this method in grams per 


5 “The Measurement qf Humidity in Closed Spaces,” 
Special Report No. 8, pp. 49-52, Food Investigation, De- 
— of Scientific and Industrial Research, England 
(193 

6 A.W. Gauger, F. C. Todd and C. C. Haworth, Jr., 
the Determination of Water Vapor in Gaseous Packs On 
presented before Joint Conference Ci Production and 
Chemical Committees, Rochester, N. Y., May, 1939. 

7 John Strong, “On a New Method of Measuring the > 
Mean Height of the Ozone,” Journal, Franklin Inst., Vol. 
231, pp. 121-156 (1941). aa 
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unit volume is independent of the pres- 
sure. The sensitivity in terms of rela- 
tive humidity increases slightly with the 
pressure, due to deviation from Dalton’s 
law, provided the moisture is measured 
at the pressure of the transmission line 
from which the sample is collected. The 
absorption of light introduces the mini- 
mum disturbance in the gas and the 
selective absorption at a given wave 
length is perhaps the least influenced of 
all methods by the composition of the 
gas. An extensive survey of the litera- 
ture revealed only one component of the 
fuel gases which might absorb light in the 
1.87 micron (18,700 A) absorption band 
of water vapor. Hydrogen cyanide i 
the one component which may interfere, 
but its absorption bands are at 1.79 and 
1.9 microns and these bands are so weak 
that they are usually studied in liquid 
hydrocyanic acid.* Available equip- 
ment for the infrared is too expensive and 
too sensitive to mechanical shock to be 
of general commercial interest at the 
present time. Experimental work now 
in progress in several laboratories may 
soon alter this condition. 

The change in color of salts on hydra- 
tion is a reaction which is specific to the 
water in the gas. It will be shown that 
this method is relatively insensitive to 
the composition of the gas. The change 
in color of cobaltous chloride impreg- 
nated cloth or paper from blue to pink as 
the humidity increases has been used in 
weather indicators for years. Wilson’ 
used this salt to indicate the presence of 
water in iso-amyl alcohol. Swartz!® de- 
veloped a semi-quantitative meter with a 
thermometer and a comparison scale 


8 F. S. Brackett and Urner Liddle, “Infrared Absorption 
Bands of Hydrogen Cyanide in Gas and Liquid,’ Miscel- 
laneous Collections, Smithsonian Inst., Vol. 85, No. 5 
(1931). 

9R. E. Wilson, “‘Determination of Water in Iso-Amy] 
Alcohol,’”’ Journal, Am. Chemical Soc., Vol. 43, pp. 710-712 
(1921). 

10 Alfred Swartz, “Color Changes in Hygroscopic Salts 
and Their Use for Humidity Measurements,” Mes ee, 
Vol. 9, pp. 87-92 (1933). 
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printed in the colors corresponding to 
steps in the humidity. The P hillips 
Petroleum Co." substituted cobaltoys 
bromide for the chloride salt to increase 
the sensitivity. The indicator eventy- 
ally selected for these tests is a solution 
of cobaltous bromide in -buty] alcohol, 
To anticipate, the technique finally 
developed for measuring the water vapor 
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Fic. 1.—Diagrammatic Sketch of the Infrared 


Spectrometer Showing the General Arrangement 
of Parts. 


in gaseous fuels consists of the following 
procedure. The water vapor and other 
condensables are removed by passingan 
accurately measured amount of the gase- 
ous fuel through a freezing tube im- 
mersed in a bath of solid carbon dioxide 
in acetone, or the 24.8 per cent eutectic ol 
hydrochloric acid. This condensate is 


Private communication from T. W. Legatski, Assista 
Director of Research, The Phillips Petroleum Co. 
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dissolved in the indicator solution. 
Pseudotrichromatic coefficients are deter- 
mined in a comparison type of colorime- 
ter developed for this particular problem. 
The position of the pseudochromatic 
point on a calibration chart and the tem- 
perature determine both the amount of 
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determine quantitatively the molecular 

absorption coefficient of water in al 
1.87-4 band. The spectrometer is of. 
the Littrow type described by Brackett 

and McAlister” and shown diagrammati- 
cally in Fig. 1. The same optical ar- 
rangement is employed in an instrument 


Plan View of the Spectrometer Assembly. 


ter and, roughly, the amount of con- 
densate, 


DESIGN AND SENSITIVITY OF THE INFRA- 
RED SPECTROPHOTOMETRIC METHOD 
An infrared vacuum spectrometer has 


been built to investigate the absorption 
by the components of fuel gases and to 


built by Gaertner for the Esso labora- 
tories.* In this spectrometer, the radia- 
tion traverses a lead glass prism twice to_ 


increase the dispersion. Rotation of the 


12 F. S. Brackett and E. D. McAlister, ““The Automatic. 
Recording of the Infrared at High Resolution,” Review of 
Scientific Instruments, Vol. 1, pp. 181-193 (1930). 

13 E. D. McAlister, G. L. Matheson and W. }. Sweeney, | 
“A Large Recording Spectrograph for the Infrared to 15 
Microns,”’ Bulletin, Am. Physical Soc., April 17, 1941, p. 14. 
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Littrow mirror sweeps the spectrum 
across the exit slit. The prism is not 
rotated, but is set for minimum deviation 
at about 1.8 microns. The entrance slit 
is given a curvature which will result in 
a straight image on the exit slit at 1.8 
microns. The mechanical design was 
radically modified so the spectrometer 
could be built with the limited facilities 
of our shop. Mr. McAlister of the 
Smithsonian Institution generously con- 
sented to criticize our designs. The 
complete spectrometer assembly, with a 
water-jacketed absorption tube and with 
the associated thermostat, is shown in 
the photograph, Fig. 2. The total pres- 
sure in the absorption tube is read on 
the manometer mounted inside the large 
glass tube rising from the thermostat, 
and jacketed in this tube by the thermo- 
stat liquid. In the measurements pre- 
sented, the galvanometer deflection has 
been read on a scale with a 5-m. light 
arm to the galvanometer. A recorder, 
similar to the one developed by the Esso 
laboratories, is being assembled. 

The spectrophotometric method is 
only semi-empirical. The concentration 
of the water vapor in the gas may be 
calculated from Lambert’s law for ab- 


sorption 


vhere J is the transmitted intensity, I, is 
the incident intensity, d is the length of 
the optical absorption path, c is the con- 
entration of the water vapor, and A is 
the molecular absorption coefficient for 
ater vapor which is independent of the 
oncentration but depends on the wave 
length. Lambert’s law cannot be ap- 
plied directly to the absorption data 
obtained without checking the impor- 
tance of the water adsorbed on the glass 
windows of the absorption cell. The 
magnitude of this error is not yet known, 
9 the flip glass shown in Fig. 1 is pro- 


vided as a method to check its magni- 
tude. The flip glass is of the same mate- 
rial as the windows of the absorption cell 


and it has the same polished finish on the © 


surface. It may be inserted or removed 
from the light beam with a magnet. The 


extra glass surfaces will double the — 


tity of adsorbed water in the light path 
and provide a method to check the im- 
portance of this factor. 

The investigation has only 


been 
started, but the preliminary results give 


the sensitivity of the method. The rela- 


tive response to the radiation from 7 


1000-w. lamp at different wave lengths is 
shown in Fig. 3. The value of A, in 
Eq. 1, calculated from the data on this 
curve is 8.39. The percentage absorp- 
tion by the water vapor in the 1.87-u 
band, measured with slits of 0.30-mm. 
opening, is shown in Fig. 4. With 
slits of this opening, the structure in the 
band is beginning to appear. The sensi- 
tivity of the method depends on the 
smallest differences in intensities which 
may be measured. The straight vertical 
line on Fig. 4 indicates the deviations in 
intensity, to the scale of Fig. 4, which 
will correspond to + 0.25 per cent rela- 
tive humidity at 22 C., if all the intensity 
in Fig. 3 is employed in the meas 
urements. 


COLORIMETRIC BASIS FOR WATER 
MEASUREMENT 


It has been noted previously that in 
the colorimetric method of measuring 
water in gaseous fuels, an accurately 
measured quantity of gas is passed 
through a freezing tube and all the com- 
ponents of the gaseous mixture that are 
condensable at the temperature of the 
cold bath are removed. This condensate 
is thoroughly mixed with an indicator 
solution composed of 10 g. of cobaltous 
bromide in a liter of n-butyl alcohol. 
Unless hydrogen sulfide or ammonia is 
present in considerable quantities, the 
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facte 


yrs determining the color are (1) the 
quantity of water in the condensate, (2) 
the amount of condensate other than 
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measurement. The effect of the two 
impurities may be eliminated by a slight 
modification of the indicator solution, 
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water and its color, (8) the solubility of 


water in this condensate, and (4) the 


temperature of the solution at the time of 


Transmissions of the Three Filters Used in the Colorimeter. 


but no practical application has yet been 
found in which it was necessary. 


Each of these effects has been studied 
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by spectrophotometric curves, that is, 
curves which give the percentage trans- 
mission at each wave length in the visible 
spectrum. A set of curves which show 
the spectrophotometric curves for dif- 
ferent additions of water to a solution of 
cobaltous bromide in n-butyl alcohol is 


given in Fig. 7. Hydrocarbon conden- 
sates increase the transmission at all 
wave lengths, but the ratio is not a con- 
stant. Spectrophotometric curves taken 
at widely different temperatures give a 
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more accurate measurements may be 
made for these colors with a filter type 
photometer which is cheaper and easier 
to operate. 

A comparison of different methods of 
treating the photometric data led to the 
choice of a pseudochromatic plot of the 
data as requiring the least computation 
and having the simplest corrections for 
the different variables. On the pseudo- 
chromatic chart, the chromaticity of each 
tint is calculated from readings of the 


1.0 
08 30% 
. 
20% 
06 
7 
204 / 
3 
3 
‘ 0.2} 7ransmission Curves for 
4 in N-Butyl Alcohol 


0 
400 440 480 520 


Fic. 7.—Variation in the Spectrophotometric Curves with the Addition of Water toa 
Cobaltous Bromide n-Butyl Alcohol Indicator Solution. 


set of curves very similar to those in 
Fig.7 for an indicator solution containing 
some water. Although these spectro- 
photometric curves completely specify 
the changes in color, they are cumber- 
some to use, difficult to interpret quanti- 
atively, and require expensive equip- 
ment toobtain. It has been shown that 
spectrophotometric curves are not re- 
uired for the specification of different 
tints, provided the same ingredients are 
ilways mixed to obtain the tint. Even 


560 600 640 680 720 
Wave Length,Mu 


percentage of light transmitted through 
each of three filters. The three filters 
were selected from a consideration of the 
spectrophotometric curve, Fig. 7, and the 
response characteristics of the photocells. 
The transmission characteristics of the , 
three filters employed are given in Fig. 6. 
These curves were obtained with the 
infrared spectrometer, previously de- 
scribed, by operating it in the visible 
region with a “photronic” cell as the 
radiation receiver. The percentage 
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transmissions of the colored solution, 
compared to clear alcohol are designated 
as Xo, Yo, and Zp, for the red, green and 
blue filters, respectively. The chroma- 
ticity of any tint is expressed by the 
pseudotrichromatic coefficients, or more 
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tions to a solution of cobaltous bromide 
in n-butyl alcohol and the effect of dilu- 
tion with gasoline are shown in Fig. 9, 
The dilutions, 5 and 10 per cent, indicate 
that the volume of the gasoline added 
was 5 or 10 per cent of the initial volume 
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properly the coordinates, which are de- 
fined by the following equations: 


Xo 
X, = ......... (2) 
Xo + Yo+ 
Yo 
Y=; (3 
Z 
Ly (4) 


Ket 


Since the sum of these three equations is 
unity, two coordinates, such as X, and 
_ Yj, are sufficient to specify the chroma- 
ticity completely. The location of the 
_ point obtained in this manner is deter- 
mined by all the factors influencing the 
_ color. Achromatic chart of water addi- 


Xp =Red Trichromatic Coefficients 
_ Fic. 8.-Pseudochromatic Plot of the Dilution Colors of Tautomeric Dyes. F 


of the indicator solution. The full scale 
variation of the water is from zero to 
1 per cent, so the hydrocarbon dilution 
is 5 and 10 times the volume of water 
required for full scale. 

The pseudochromatic chart defined by 
the preceding equations has fundamental 
properties particularly applicable to this 
problem. Unlike the true chromatic 
chart, the source of illumination is always 
represented by the coordinates 0.333, 
().333 independent of the nature of the 
source. “Monochromatic” colors al 
ways have coordinates far from the 
source, while pastel shades are near to 
the source. Blue colors are to the left 
of the source, green above, and red to the 
right. A basic characteristic of the true 
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chromatic chart is the property that mix- 
tures of two colors which do not change 
chemically lie along a straight line con- 
necting the points which represent the 
two initial colors. This pseudochro- 
matic chart possesses the same char- 
acteristics. 


CHEMISTRY OF COLOR CHANGE 


The color changes have been investi- 
gated for several salts in solution in alco- 
hol due to the addition of water. Cobal- 
tous iodide from our stock room was 
found to be decomposed, so this material 
is not considered sufficiently stable for 
general use. Nickel chloride does not 
have a wide variation in color. Cobal- 
tous chloride has the same color range as 
the bromide, but the color variation of 
the bromide is about three times as sensi- 
tive to the addition of water. N-butyl 
alcohol was chosen for the solvent after 
extensive comparison tests with iso-amy] 
and iso-butyl alcohols. As an approxi- 
mation, the sensitivity of the indicator 
solution is found to vary inversely as the 
solubility of water in the alcohol em- 
ployed as the solvent. An indicator 
solution employing iso-amyl alcohol is 
approximately 30 per cent more sensitive 
than 2-buty] alcohol, but the availability 
and reasonable price of the latter led to 
its selection. 

A solution of cobaltous bromide in 
absolute alcohol is dark blue, but the 
color changes to a pale blue and, finally, 
toa light pink with the addition of water. 
A decrease in the temperature of an indi- 

ator solution containing some water will 
produce the same color change as the 

addition of water. Wilson® noted the 
color shifts with changes in temperature. 

He attributed the colors to the various 

ydrates of cobaltous chloride and sug- 

gested that the salt tends to give off 

‘ater as the temperature increases, while 


‘ 
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the alcohol tends to dissolve more water | 
due to its increased solubility. The color 
of the more common hydrates of cobal- 
tous bromide are rose-red for the hexa- 
hydrate, reddish-violet for the dihydrate, 
and blue for the monohydrate. Several 
other hydrates of questionable chemical © 
identity have been reported." 

The experimental results of this report 
are in accord with Wilson’s interpreta- 
tion and the known dehydration char- 
acteristics of hydrates. Colorimetric 
evidence has not been presented on this a 
subject, but since the temperature cor-— 
rection is based on the same charac- 
teristics of the chromatic chart, this 
additional information will give more 
confidence in the method. As men- 
tioned in a previous section, a funda- 


mental property of the chromatic chart 
is that a plot of the trichromatic coeffi- 
cients of mixtures of two colors which do 
not react chemically will lie on a straight 
line connecting the trichromatic coeffi- 
cients of the pure colors. The chromatic 
plot of the change in color of the tau- 
tomeric dyes, methy] red and congo red, 
given in Fig. 8 shows that this character- 
istic is maintained for the pseudochro- 
matic chart. The first straight line 
section of each dilution curve is the | 
transition froma high concentration of one : 
tautomeric form of the dye to a high con- 
centration of the second form. The 
portions of the curves converging on the 
source are the dilution of this second 
tautomeric dye to a colorless liquid. 
If this curve is compared with the chro- 
matic chart of the cobaltous bromide 
color changes in Fig. 11, the straight 
portions of the curve can be attributed 
to the existence of not less than three 
hydrates. 


* 


14 J. W. Mellor, Comprehensive Treatise on Inorganic 
and Theoretical Chemistry,” Vol. 14, p. 712, Longmans and 
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Fic. 9.—Calibration Chart Showing Effect of Temperature, and Dilution with a Clear Hydrocarbon. 
Filter characteristics given in Fig. 6. 
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The effect of temperature and dilution with a water-soluble dilutent. 
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TEMPERATURE CORRECTION WITH THE 
CHROMATIC CHART 


The characteristics of the chromatic 
chart permit an easy and rapid correc- 
tion for the change in color with tem- 
perature. A temperature correction is 
not generally feasible with the usual 
photometric data. If it were attempted 
in this case, the change in the trans- 
mission of the alcohol would be impor- 


4145 


at four temperatures is shown in Fig. 11. 
The four points for 1 per cent water are 

labeled, the point farthest to the right 
is for the lowest temperature, 15C. 
The only effect of temperature is to 

shift the pseudotrichromatic point for a 

given water content along the calibra-— 
tion curve. This shift along the chro-— 
matic curve is not due to a fortuitous 
choice of filters, but it is intrinsic in the 
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. 11.—Calibration Curve for Variable Temperature, and the Variation of the Abscissa with 


transmission of the combination of the 
optical glass cell and the clear n-butyl 
alcohol for the three filters amounts to 
about 1.5 per cent for a 6 C. change in 
temperature. The change is different 
for each filter. This change in absolute 
transmission does not introduce a similar 
difficulty in the chromatic plot. The 
chromatic curve for different amounts 
of water in the indicator solution of 
cobaltous bromide in n-butyl alcohol 


Temperature (3) as a Function of the Abscissa (x;). 


chromatic calibration charts for the 
different temperatures which are given 
in Figs.9,10,and 11. These calibration’ 
curves differ solely in the transmission 
characteristics of the color filters. The 
most suitable filters for this application 
are those which give the chart in Fig. 9. 
The transmission characteristics of these 
filters are given in Fig. 6. The effect of 
hydrocarbon dilution with these filters 
is to move the trichromatic point along 
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the dilution lines which make a con- 
siderable angle with the calibration 
curve. The dilution lines in Fig. 11 
make a very small angle with the calibra- 
tion curve. 
Data were taken for five calibration 
charts similar to the upper curve in Fig. 
11, but using different amounts of water 
as the calibration points. A plot of 
T versus x, was drawn for each per- 
centage of water. By the nature of the 
curves, from eight to ten readings of the 
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Fic. 12. 
Values of x, at Temperature TC. to Moisture 
Content at the Standard Temperature—25.2 C. 
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tangent could be made for each abscissa. 
The lower curve is the value of the tan- 
gent, d x,/d T, read at several values of 
the abscissa. The length of the vertical 
lines is calculated from the standard 
deviation, taking P, = 0.90, 8 to 10 ob- 
servations. ‘Two equations are used to 
fit this curve: 


from x, = Oto x = 0.13: 


d 
= = 0.000969 + 0.11972 — 0.422022 
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0294 +0969 +1197x -422.0x?; From 0.01 to 
018 2 1000 V «425 464.54x -/905x?; From 011 t0030 


from x, = 0.11 to x, = 0.30: 


dx, 
= 0.00425 + 0.06454% — 0.19052 


The fit of these equations is shown by the 
dotted lines in Fig. 11. The fit is closer 
than 1 per cent of the maximum or- 
dinate except at the lower left corner of 
the curve. The curve is not especially 
difficult to express in a single equation, 
but the form is more clumsy to integrate. 
Take the definite integral of these equa- 
tions from x to %25.2 and from T to T 
= 25.2C., where x25. is the abscissa 
for the calibration curve corresponding 
to 25.2 C. and x is the abscissa at any 
other temperature 7. The integrals are 


from x = Otox = 0.13: - 


—0.844225.2 1197 
0.1263 


~0.8442 + 0.1197 
0.1263 


= 0.04302(T — 25.2) 
from x = 0.13 tox = 0.30: 
tanh-? —0.38 1225.2 + 0.0645 
0.08605 


—0.381x + 0.0645 
— tan = 


0.6812 tanh 


0.08605 
= 0.04302(T — 25.2) 


These equations are of a simple form. 
Both may ke represented on a single 
nomograph, as shown in Fig. 12. Since 
the values of x2. are the abscissa of 
the calibration curve at 25.2C., this 
scale of the nomograph may be cali- 
brated in moisture content of the sample 
directly. This is shown on the nomo- 
graph where the moisture scale is in 
per cent of the initial volume of the 
indicator solution. 


APPARATUS AND METHOD 


Several methods have been inves 
tigated to bring the water in the gaseous 
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fuel into contact with the indicator salt. 
The most reproducible results are ob- 
tained by removing the water vapor and 
other condensable matter in a freezing 
tube which is immersed in a bath of 
carbon dioxide ice and acetone. In 
locations in which spilled acetone may 
constitute a fire hazard, an even colder 
freezing bath, —86 C, may be obtained 
by mixing the 24.8 per cent eutectic 
of hydrochloric acid with carbon dioxide 
ice. A sufficient, accurately measured 
volume of gas at a known pressure is 
passed through the freezing tube to 
obtain approximately one-quarter gram 
of water. Twenty-five milliliters of 


TABLE I.—EFFICIENCY OF FREEZING TUBES AT 
VARYING RATES| OF FLOW. 


Water 
Rate of Flow,| Saturator Collected aoe of 

cu. ft. per |Weight Loss, 
mn. Tubes per cent 
0.007 2.0900 0.0000 100.00 
0.017 1.4610 0.0005 99.97 
0.068 0.3330 0.0010 99.70 
0.12 0.4785 0.0000 100.00 
0.21 0.7562 0.0000 100.00 
0.22 0.4665 0.0005 99.89 
0.23 0.3230 0.0000 100.00 
0.35 0.8662 0.0002 99.98 
0.53 0.7928 0.0002 99.97 
0.55 1.4507 0.0005 99.97 
0.70 0.8456 0.0005 99.94 
0.72 2.5990 0.0020 99.92 


indicator solution are thoroughly mixed 
with the condensate. The indicator 
solution consists of 10 g. of cobaltous 
bromide per liter of n-butyl alcohol. 
The chromatic coordinates of the final 
mixture are then determined in the 
colorimeter. 

Several designs of freezing tubes have 
been tried. The simplest design and 
the one which experience has demon- 
strated to be the most practical for use 
in the field consists of a U-tube of 17- 
mm. pyrex glass, about 14 in. high. The 
gas enters the U-tube and flows past a 
10-in. loosely wound wire spiral of No. 
I8wire. This spiral is followed by 3-in. 
of 5-mm. diameter, pierced glass beads; 


then by 2 in. of 3-mm. diameter, pierced 
glass beads; and finally, by 1 in. of loose : 
cotton. The cotton removes all en- 
trained snow and ice particles which are © 
not caught on the other packing. This 
type of tube was found to be efficient 
in removing the moisture at flow rates 
to 0.70 cu. ft. per min. as shown in 
Table I. 

All the colorimetric measurements 
were made on a comparison type col-— 
orimeter of special design. The com- 
parison colorimeter employs a_ bridge 
circuit to balance the photocell currents 
directly. The balance of the bridge 
circuit is detected by a two-stage, self-— 
contained, d-c. amplifier of nominal 
design. The amplifier output is fed into 
a bridge circuit containing a 0 to 50 
microammeter. A 45-v. battery in the 
output bridge circuit, shown in Fig. 5, 
is used to permit the insertion of a more | 
sensitive meter. This battery prevents 
the total plate current from the last 
stage of amplification from owing 
through the meter. The balance of the 
bridge is obtained by a null method. 
First, the amplifier input is grounded 
by the key and the meter reading 
noted, then the amplifier input is con-— 
nected across the bridge by the same : 
key and the decade resistors adjusted 
to give the same meter reading. This 
balance is independent of the amplifica- 
tion and, consequently, is entirely in- 
dependent of the battery voltages. The 
circuit shown is for the latest model 
colorimeter. The model on which all 
the readings in this report were taken 
differed in one essential respect. A 
half-silvered mirror was used to divide 
the light beam. With this mirror, the 
ratio of transmitted to reflected light 
depends on the wave length, the age of 
the mirror, and apparently, on the angle 
of incidence of the light. 

The advantages of the first colorime- 
ter, as established by a year of use, are 
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listed: It is independent of fluctuations 
in the light source; it is independent 
of the amplification factor of the ampli- 
fier used as a detector except as this 
amplification influences the sensitivity; 
it employs a standard circuit which does 
not require delicate adjustments for 
stabilization; the balance is practically 
independent of the voltage applied 
to the photocells; and it is inexpensive 
as compared to colorimeters of compa- 
rable sensitivity. These advantages 
have been confirmed, but serious faults 
were found. The aging of the half- 
silvered mirror was not expected. At 
high humidity, leakage current made the 
amplifier erratic; and finally, the optical 
parts were not mounted with sufficient 
rigidity with respect to each other. 


TABLE II.—COLOR FILTER SPECIFICATIONS. 
(Catalog Numbers for Corning Glass Color Filters) 


Red Filter 


Green Filter Blue Filter 
No. 978% No. 9784 No. 038 
No. 348 No. 346 No. 556 
No. 429 


@ One third standard thickness. 


The colorimeter is portable and self- 
contained, except for a 6-v. source of 
power for the light. In practice, it is 
portable, but a new calibration curve 
is required if the instrument is jarred 
while being transported. 

The filters for the colorimeter were 
selected from a consideration of spectro- 
photometric curves of the type shown 
in Fig. 7; also, the spectral sensitivity 
of the rubidium cathode photocells 
and the amount of light required for an 
accurate balance in the bridge circuit 
were considered. Rough spectrophoto- 
metric curves were made of all the color 
changes to be expected before the first 
colorimeter was built or the filters 
selected. The specifications of the color 
filters are given in Table II; however, 
filters ordered to these specifications will 


not necessarily be close approximations 
to the filters whose transmission is given 
in Fig. 6. Duplicate orders of the same 
filters give the differences in the chroma- 
tic charts found in Figs. 9 and 11. 

The exact procedure in taking a read- 
ing will be outlined. For simplicity, 
it will be assumed at first, that the 
dilutent is a colorless hydrocarbon. 
Sufficient, accurately measured gas is 
passed through the freezing tube to col- 
lect about one-quarter gram of water. 
This amount of water represents full 
scale; if less is collected, the absolute 
accuracy will not be as high. The con- 
densate and packing of the U-tube is 
mixed thoroughly with 25 ml. of 
indicator solution and placed in a sealed 
sample bottle. The color of the solu- 
tion is known to be stable for at least 
nine months, so the colorimetric reading 
may be made at any convenient time 
or place. The operator will have the 
colorimeter, a chromatic calibration 
chart with dilution lines similar to Fig. 
9, and a nomograph similar to Fig. 12. 
The operator will measure the _per- 
centage transmission of the indicator 
solution from the sample bottle and the 
temperature of the solution at the time 
of measurement. From the three trans- 
mission measurements, he will calculate 
the pseudochromatic coefficients X, and 
Y,. These coefficients determine a point 
on the chromatic chart. If the point is 
above the calibration curve, the presence 
of a hydrocarbon dilutent is indicated. 
To correct for the dilution, a line is 
drawn from the point to intersect the 
zero dilution curve. This line is parallel 
to the adjacent dilution lines. The 
abscissa corresponding to this intercept 
and the temperature of the indicator 
solution are used on the nomograph, 
Fig. 12, to read the moisture content 
from the third scale. If the non- 
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is soluble in water, the slope of the dilu- 
tion lines must be determined by a 
special experiment. The dilution lines 
for 2-butyl alcohol are shown in Fig. 10. 


REPRODUCIBILITY 


The efficiency of collection of the 
moisture at atmospheric pressure and at 
different rates of flow is shown in Table 
I. Manufactured gas available in the 
local main was passed through a freezing 
tube, then through a drying tube, and 
finally through a saturator. The wet 
gas was then passed through a standard 
freezing tube, and, finally, any moisture 
remaining in the gas was trapped in a 
drying tube and another freezing tube. 
The drying agent, dehydrite, employed 
in the check tube was the same which 
was used in the drying tube preceding 
the saturator. In all but two of the 
twelve test runs, the freezing tube 
collected 99.9 per cent of the moisture 
inthe gas. ‘The gas leaving the freezing 
tube must contain sufficient water to 
saturate the gas at the temperature of 
the freezing bath. At atmospheric pres- 
sure, the error introduced in this manner 
is negligible, but a correction may be 
required at higher pressures. If the 
gas is saturated at —7C. and at 500 
psi, then expanded to atmospheric 
pressure and passed through the freez- 
ing tube, roughly 1.9 per cent of the 
water will not be collected. Since the 
vapor pressure is known at the bath 
temperature, a correction may be added 
on the basis of Dalton’s law. Even if 
this law is in considerable error at the 
low temperature of the bath, the total 
liquid content will be correct to one- 
quarter per cent, or more accurately 
than the over-all measurement. 

The color of the indicator solution is 
permanent. Cobaltous bromide, re- 
ported twenty years in age, was mixed 
with n-butyl alcohol recovered by a 


simple batcl h from a mixture 
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— 
containing crude petroleum and water. 
This indicator solution was allowed to 
stand on a shelf, tightly sealed, but 
exposed to light for nine months. It 
was then compared with a fresh indicator 
solution made from fresh, commercial 
n-butyl alcohol and cobaltous bromide 
freshly delivered from the chemical 
supply company. The old materials 
deviated less than 0.3 per cent from the 
calibration curve made with the fresh 
stock. The results were checked with 
a solution five months in age; this devi- 
ated only 0.2 per cent from the calibra- 
tion curve. The deviations in both 
cases are of the order of reproducibility 
of the colorimetric measurements. 

None of the condensates collected in 
field tests on the water content of the 
blow gas from a water gas generator 
has reacted with the indicator solution. 
Sufficient quantities of hydrogen sulfide 
or ammonia will react with the standard 
indicator to form a precipitate, but the 
reaction may be inhibited by dissolving 
dry hydrogen bromide in the indicator 
solution. The sensitivity to water is 
reduced in proportion to the amount of 
hydrogen bromide added, so none should 
be added unless necessary and then only 
as much as is needed. 

The effect of both temperature and 
dilution with clear hydrocarbons is 
shown in Fig. 9. The slope of the dilu- 
tion lines is determined from other 
data. The points for 10 per cent dilu- 
tion at 34C. were taken last, and the 
colorimeter was moved during the col- 
lection of the data so some of the 


spread in the data may be due to lack ~ 


of rigidity in the optical system. The 
slope of these dilution lines is common 
to all hydrocarbons tried: kerosine, 
hexane and gasoline. If water is soluble 
in the condensate, the slope of the dilu- 
tion lines is different, as is shown by 


e Fig. 10 for dilution with dilution with n-butyl alcohol. 
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Color in the condensate will also change 
the slope of the dilution lines. For 
either of these types of condensate, a 
special calibration curve must be made. 
This is a simple procedure, a sample of 
condensate is obtained, the water re- 
moved and a calibration curve obtained 
by adding the dry condensate to the 
indicator solution. If relatively small 
amounts are added, the fundamental 
property of the chromatic chart assures 
that the dilution lines will be straight. 


0.1025 
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when the temperature is not controlled 
has not been determined. The nomo- 
graph does introduce some error. 

The equipment has not yet been de- 
veloped sufficiently for the colorimetric 
method to be checked for accuracy 
against the infrared spectrometer. It 
is impossible to obtain sufficient thor- 
oughly mixed gas of constant humidity 
to check the over-all reproducibility. 
The curve in Fig. 13 shows the water 
content of samples of manufactured gas 
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Oo 
© 
§ 
2 
=) 
= 


> © F @ 10 
Time, hr. 


Fic. 13.—Variation in the Moisture Content of the Manufactured Gas Delivered to the 
College During One Day. 


_ The reproducibility of the readings of 
the color with the colorimeter was 
checked by adding the same amount of 
water to four samples of indicator solu- 
tion and measuring the chromatic coef- 
ficients of the mixtures for a total of 
twenty-eight readings. The calculated 
standard deviation of the ordinate’ was 
0.30 per cent and of the abscissa 0.36 
per cent. These readings were taken 
at constant temperature of the solutions. 
The reproducibility of the readings 


taken ‘from the laboratory outlet at odd 
intervals during one day. The manu- 
factured gas is transported from the 
water gas generator plant to the cus- 
tomers at a pressure of 15 to 25 psi. 
Since the pressure fluctuates with the 
load, the water content would be ex- 
pected to vary. It is not known whether 
the average moisture content curve has 
any significance. The average relative 
humidity of the gas is about 10 per 
cent from these readings. 
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A STUDY OF THE GRINDABILITY OF COAL AND THE FINENESS OF 
~ PULVERIZED COAL WHEN USING THE LEA-NURSE AIR PERME- 
ABILITY METHOD FOR EVALUATING THE SUBSIEVE FRACTIONS 


By J. B. Romer! 


SYNOPSIS 


‘The methods now used for determining the sieve size of pulverized coal or the 
particle size of finished cement are briefly discussed. The application and 
interpretation of the results together with their limitations show that there is a 
need for a better evaluation of the subsieve fractions. The use of specific sur- 
face data obtained by such methods as the Lea-Nurse air permeability appa- 
ratus is discussed, and the effect on grindability and evaluation of pulverized or . 
finely ground products is discussed and described. It is considered that the 
data obtained by such methods bring the results in better alignment with the 


requirements of Rittinger’s law. 


The successful use of pulverized coal 
for firing metallurgical furnaces, cement 
kilns, boilers, etc., involves various 
problems that are related to the size 
and surface area of the coal particles. 
The successful transportation of pul- 
verized coal from the pulverizer through 
piping, burners, and furnaces requires 
uniformity of size whereas ignitibility, 
distillation of volatile matter, and rate 
of combustion involve surface area. 

It is well recognized that the ease 
with which different coals can be pul- 
verized varies over a wide range, and 
in a search for a test to measure the rela- 
tive grindability, a number of procedures 
have been developed. The interest in 
this subject is well evidenced by the 
literature and by the activities of vari- 
ous individuals, bureaus, and Subcom- 
mittee VII on Pulverizing Characteris- 
tics of Coal of the Society’s Committee 
D-5 on Coal and Coke. 


1 Chief Chemist, The Babcock & Wilcox Co., Barber- 


ton, Ohio. 


Grindability Procedures: 


Two of the grindability test pro- 
cedures are represented by the A.S.T.M. 
Tentative Method of Test for Grind- 
ability of Coal by the Ball-Mill Method 
(D 408-—37T), and the Tentative 
Method of Test for Grindability of Coal 
by the Hardgrove-Machine Method 
(D 409-37 T).2 This paper deals only 
with the Hardgrove-Machine method. 

The grinding apparatus known as the 
Hardgrove grindability machine will be 
referred to in this paper as the grind- 
ability testing machine. This unit was 
the result of several years work, which 
had for its object the development of a 
suitable testing machine that would 
yield reproducible values. This ma- 
chine and the entire method is based on 
Rittinger’s law, which states, “The 
work done in pulverizing is propor- 
tional to the new surface produced.” 


21939 Book of A.S.T.M. Standards, Part III, pp. 56 
and 566, respectively. 
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Therefore, it is essential that the entire 
procedure should comply as nearly as 
possible with the fundamentals of this 
law. 

In order to meet fully these require- 
ments, it is necessary to measure the 
work done and the new surface pro- 
duced. When Method D 409 was first 
published, it included provisions for 
loading the eight 1-in. grinding balls 
with a fixed load, namely, 64 lb. + 0.5 
lb. and required that the 50-g. sample of 
minus No. 16, plus No. 30 sieve coal 
be subjected to exactly 60 revolutions. 
Under these conditions, every sample 
receives a constant amount of work, and 
hence the amount of new surface pro- 
duced will vary in proportion to the 
grindability as called for by Rittinger’s 
law. 

Since the total surface per unit weight 
is inversely proportional to the size of 
the particle, Hardgrove, in his original 
description of grindability (1),* utilized 
sieve analysis and surface units, the 
latter representing the reciprocal of the 
average sieve opening for any given 
fraction. 


e 
il This method of calculating surface 
units as xX W, where Ly 
' and LZ, are the nominal sieve openings 
1€ and W is the weight retained on the 
e finer sieve, was based on graphical in- 
d- tegration where 1/Layg. is plotted against 
as W (total weight) and the area under 
ch the curve when multiplied by K/kp 
a equals the total surface (2). K/k is 
Id the shape factor (in general, this need 
a- not be known) and # is the specific 
on gravity of the material. This sum- 
he mation is only accurate where LJ; and 
or l, are known, when they are not too 
1” far apart, and when the amount of the 
subsieve fraction is of small magnitude. 
562 


reports and papers appearing in the list of references 
appended to this paper, see p. 1166. 
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The boldface numbers in parentheses refer to the 
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These principles were incorporated in 
Method D 409 as originally written in 
1935.4 Subsequently, an empirical rela- 
tionship was established between the 
percentage passing a 74-micron (No. 
200) sieve and grindability. Therefore, 
this method was revised in 1937 to its 
present form. The empirical formula 
incorporated in Method D409 is as 
follows: 
Hardgrove grindability index 

= 13+ 6.93 W 
where: 

W = weight of material passing the 

74-micron (No. 200) sieve, 

determined from the weight 

of the original sample (50 g.) 

minus the weight of the ma- 

terial retained on the 74- 

micron (No. 200) sieve. 

The data published by Hardgrove (1) | 
showed that the amount of new surface 
produced decreased with the weight of 
sample placed in, and increased with 
the number of revolutions given to, the 
grindability testing machine; and that 
the grindability increased with the num-_ 
ber of revolutions but was independent 
of the weight of the sample. 


Present Investigation: 


About a year ago, we started a review — 
of the grindability testing machine and | 
the test procedure for determining > 
grindability. During the early stages” 
of this investigation, the new surface 
produced was calculated from sieve 
analysis in accordance with the original — 
method D 409 — 35 T.4 


MEASUREMENT OF SUBSIEVE FRACTIONS | 


It has long been recognized that the 
knowledge of subsieve fractions was in- 
adequate for many problems, and to 


4 Proceedings, Am. Soc. Testing Mats., Vol. 35, Part 7 
I, p. 857; also 1935 Book of A.S.T.M. Tentative Stand- 
ards, p. 629. 
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overcome this difficulty there has been 
an ever increasing amount of work and 
research aimed at a suitable method for 
determining the particle size or surface 
area of subsieve fractions. Andreasen 
(3), Carman (4, 9), and others (8) 
have made large contributions to this 
subject. Many of these workers have 
been interested in other materials than 
coal. For example, clays, sands, ores, 
pigments, cements, etc., have attracted 
the greatest attention. Among the 
methods that have been considered in 
connection with coal, a few will be briefly 
discussed. They can be divided into 
four broad groups: 

1. Direct count 

2. Sedimentation 

3. Coatings 

4. Permeability 


Direct Microscopic Count: 


Whenever the particles that are to be 
counted are relatively uniform in size 
so that a very small sample is represen- 
tative of the whole mass, and further, 
when the particles are of uniform 
geometric shape, direct count offers a 
method for adequately measuring either 
particle diameter or surface area. The 
greater the range of particle size and the 
greater deviation from any uniform 
geometric shape, the greater are the 
difficulties involved in using this method. 
As most samples in which we are in- 
terested show too many variations in 
size and shape, this method becomes 
altogether too tedious for commercial 


Sedimentation is an indirect method 
based on Stokes’ law. The technique of 
such tests requires constant temperature, 
lack of convection currents, thorough 
dispersion, and prolonged settling peri- 
ods for the finest particles; in some 
methods, the fractions should be re- 


Sedimentation: 


settled in a manner analagous to chem- 
ical purification by crystallization. [It 
has been shown by several investigators 
that several forms of sedimentation ap- 
paratus give results of the highest order, 
The Andreasen pipette is an excellent 
device for accurate work, but, unfor- 
tunately, the requirements of time, 
temperature, etc., limit its usefulness, 


Coatings: 


Heywood (5) and others have utilized 
various coatings and developed excellent 
methods and have provided experi- 
mental proof of incalculable value. 


Permeability: 


Liquids for Fluid.—Several years ago, 
Carman (4) proposed a method based 
on the Kozeny (6) equation relating 
the permeability of a bed of granular 
material to particle size. Throughout 
his work Carman used liquids, and 
wherever possible, water was selected. 
The results obtained are in terms of 
surface area of the sample, that is, 
square centimeters per gram of material. 
A mean diameter can be computed, but 
data on size distribution, etc., cannot be 
obtained. The fluid used must be one 
that will wet the sample without react- 
ing with it, and the fluid must possess a 
molecule small enough to enter the 
smallest pores or capillaries between 
individual particles. For particles larger 
than about 2 microns, Carman has re- 
ported excellent data and checks. 

Gases for Fluid.—Lea and Nurse (7) 
modified several features of the Carman 
apparatus. They experimented with 
hydrogen, helium, air, carbon dioxide, 
etc., and showed that the specific sur- 
face as determined was_ independent 
of the gas used. They finally adopted 
air as the fluid. The selection of a gas 
as a fluid has overcome the difficulty 
encountered by Carman when dealing 
with particles smaller than about 2 
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microns. Various articles in the recent 
literature have indicated that the Lea- 
Nurse air permeability apparatus will 
yield results comparable with the An- 
dreasen pipette and other methods that 
are being used to determine specific 


surface. 


In connection with studies of the fine- 
ness of portland cement, we have been 
using the Wagner turbidimeter and the 
test procedure as outlined in A.S.T.M. 


SPECIFIC SURFACE 


Permeability versus Turbidity: 


TABLE I—DATA OBTAINED FROM LEA-NURSE 
APPARATUS AND WAGNER TURBIDIMETER. 


} Specific Surface, 
Percentage| Cm. per g. 
Passing 

74-micron 

(No. 200) | 

Sieve 


| Ratio, 
Wagner | Nurse to 
Turbi- | Wagner 
| dimeter 


| 

Lea- 
| Nurse 
| Appara- 


| 


Tentative Method of Test for Fineness 
of Portland Cement by Means of the 
Turbidimeter (C 115-38 T).5 By suit- 
able corrections, other materials than 
cement can be tested in this apparatus, 
and we have been endeavoring to evalu- 
ate subsieve fractions of pulverized coal 
by means of this test. 

Sherman® of the Battelle Memorial 
Institute called the author’s attention 
to the Lea-Nurse air permeability ap- 
paratus, as he considered that this 
piece of equipment might be of value 
in determining the fineness of pulverized 


] 


coal and the grindability of coal by 


: 1939 Book of A.S.T.M. Standards, Part II, p. 897. 
‘Ralph A. Sherman, private communications. 
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bringing the grindability method closer 
to the requirements of Rittinger’s law. 

A number of samples of pulverized 
coal, representing Ohio and Illinois coals, 
were therefore forwarded to Sherman 
who determined the specific surface of 
these samples using the Lea-Nurse air 
permeability apparatus and the results 
were compared with our earlier determi- 
nations of specific surface by the Wagner 
turbidimeter. The data obtained on 
these samples by the two methods are 
shown in Table I. From this it can be 
seen that there is no uniform relation 
between Lea-Nurse and Wagner data, 
and, as a result, there was a tendency to 
question the reliability of the Lea-Nurse 
apparatus. 


TABLE II.—COMPARISON OF INDICES OBTAINED 
BY SPECIFIC SURFACE METHODS AND 
BY METHOD D 409. 


D 409 Relative 
Index Indices 


The data of Table I also show that 
there is no accurate relationship between 
percentage passing a 74-micron (No. 
200) sieve and specific surface. This 
raises the question as to our right to 
consider that any fundamental rela- 
tion exists between such a sieve analysis 
and true particle size or specific surface. 

Shortly after the above data had been 
received from Sherman, the author 
ground four samples of coal, namely, a 


soft bituminous coal, an anthracite . 


coal, and two intermediate grindability 
bituminous coals in the grindability 
testing machine for a study at Battelle 
of the Lea-Nurse permeability appa- 
ratus. Sherman had expressed the 
thought that by enlarging the Lea-Nurse 
cell, the entire 50 g. could be measured 
before and after grinding in the grind- 
ability testing machine, thereby per- 
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mitting a direct determination of the 
grindability. The indices normally ob- 
tained in accordance with Method D 409 
were not reproduced when the product 
of the grindability testing machine was 
measured in terms of specific surface. 
_ The data are shown in Table II. 
The data presented in Tables I and 
II indicated that the Lea-Nurse method 
had produced specific surface values 
that were in conflict with the Wagner 
turbidimeter data on pulverized coal 
and had resulted in grindability indices 
that were in conflict with those ob- 
tained in accordance with Method D 409, 
Both the Wagner method and Method 
D 409 are independent of one another. 

In order to make a critical study of 
the Wagner turbidimeter, the grinda- 
bility testing machine, and the Lea- 
Nurse air permeability apparatus and 
their relation to the fineness of pulver- 
ized coal and to the grindability of coal, 
the author had a Lea-Nurse apparatus 
of the same type as that at Battelle 
made and installed at the laboratories 
of the Babcock & Wilcox Co. 


Wagner Turbidimeter: 
The first study had to do with the 


_ Wagner turbidimeter. A mathematical 
study of Wagner’s formula, used for 
calculating the specific surface of ce- 
ments, indicates that particles having 
a specific surface greater than about 
5000 sq. cm. per g. are not adequately 
evaluated. Therefore, whenever the 
sample contains appreciable quantities 
of material finer than this limit, the 
Wagner values are low. This can be 
written to state that cements cannot 
show a value in excess of about 5000 
sq. cm. per g. Obviously, this limit is 
very questionable. 


Lea-Nurse Air Permeability: 


. As previously stated, a duplicate of the 
a Battelle Memorial Institute Lea-Nurse 
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permeability apparatus was built and in- 
stalled in the laboratory of the Babcock& 
Wilcox Co. At a later date, additional 
cells of larger capacity were built. Our 
experience indicated that a cell diameter 
of the order of 1 cm. gave the most 
satisfactory results, and further, that 
the cell length could be increased to 
handle larger samples. Before repro- 
ducible results were consistently ob- 
tained, considerable experimentation was 
required to determine the best procedure 
for placing and compacting the sample 
in the cell. 

Numerous tests have shown that the 
specific surface could be consistently 
checked by different operators, if the 
cell containing the sample were re- 
peatedly tapped by striking the outside 
of the cell with a light metal hammer, the 
vibrations thus set up causing the sample 
to pack uniformly and evenly. After 
this point was reached, the plunger was 
gradually brought in contact with the 
surface of the sample and the sample 
was further compacted by pressing 
the plunger downward by hand until 
maximum compaction was reached. 

Our cell and apparatus characteristics 
and constants are as follows. The 
sample has a bed area of 1.267 sq. cm. 
The depth of the bed varies over a very 
wide range. When all of the sample 
passes a No. 200 sieve, the depth of the 
bed varies from 1.8 to 2.3 cm. For 
coarser fractions, and depending upon 
the weight involved, the depth of the 
bed is from 3.6 to 17.2 cm. The poros- 
ity does not vary appreciably with the 
particle size and usually is between the 
limits of 0.35 and 0.55. It is necessary 
to so regulate the air flow as to give 
suitable manometer readings and to 
avoid turbulent flow. This is accom- 
plished by having two or more orifices 
and selecting the one most suitable for 
the particular sample. Our orifice of 
flow meter constants are 3.7 «10~ and 
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1.051 X 10-*. The air flow may vary 
from as low as 6 cu cm. per min. to as 
high as 120 cu.cm. per min. 

Without presenting too much detail, 
the author would like to submit the 
following points regarding the Lea- 
Nurse air permeability method. 

1. A dimensional analysis of the Lea- 
Nurse formula 


DAL 


shows that So = square centimeters 
per gram. 
where: 
area of bed in square centi- 
meters, 
W = weight of particles in grams, 
D = density of the particles in grams 
per cubic centimeter, 
L = the height of the bed in centi- 
meters, 
ih, = pressure drop across bed in 
centimeters of water, 
iy = pressure drop across flow-meter 
in centimeters of water, and 


absolute viscosity of air in 
poises, 
flow rate in cubic centimeters 
per second, 
= density of manometer liquid, 
and 
= manometer reading 
meters. 

. The specific surface determined is 
the same whether hydrogen, helium, 
nitrogen, air, or carbon dioxide is used 
as the fluid (7). 

3. Any flow rate can be used that is 
gteat enough to give suitable manom- 


eter readings and not high enough to 
cause turbulent flow (7). 


in centi- 
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was well brought out by various speakers 
at the A.S.T.M. Symposium on Particle 
Size Determinations (8). 

5. Using sieves in the 7/2 series, it is 
found that the specific surface of the 
various fractions is a straight-line func- 
tion when plotted against average sieve 
opening over the range from 1190 
microns to 44 microns. 

6. Using carefully prepared glass 
beads, there is excellent agreement 
between specific surface by Lea-Nurse 
and by microscopic count (9). 

7. In some instances, the specific 
surface of the entire product of the 
grindability testing machine was de- 
termined; the sample was then divided 
into several weighed portions, and the 
S» of each portion was then determined 
and the composite So was calculated. 
In other cases, the product of the 
grindability testing machine was broken 
up by sieving and the So of each fraction 
determined and again the composite 
So was calculated. In all cases, good — 
agreement was found between the dif- 
ferent methods, thereby indicating the 
reliability of the So measurements. 
For example, the Sy of sample B-9276, 
after grinding in the grindability testing 
machine, was found to be 1485 sq. cm. 
per g. When the same batch was 
sieved into eight fractions and the Sp 
of each fraction determined, then the 
combined So was found to be 1459 sq. — 
cm. per g. 

8. The conclusion we reached with 
respect to this apparatus is that it is a 
reliable instrument for determining spe- 
cificsurfaceand can be used to determine . 
the average particle dimension L of 
Rittinger’s law and hence can be used 
for a study of the grindability testing 
machine and the grindability of coal. 


Specific Surface and Surface Units: 


4. Excellent checks are obtained with 
‘veral other methods. This feature 


For any fraction of any given material — 
passing a given sieve and retained on — 
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the next finer sieve of the ~/2 series, 
there is a direct relation between the 
specific surface and the new surface 
units calculated in accordance with 
Hardgrove’s formula. This relation 
varies for different coals. By determin- 
ing this relationship, the Sy of the minus 
44-micron material can be converted to 
surface units, or the coarser fractions 
can be converted to specific surface. 
This permits an evaluation of the 
product of, and the work done by, the 
grindability testing machine by different 
methods. 


GRINDABILITY TESTING MACHINE 


According to Rittinger’s law, we 
can assume that within some definite 
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Fic. 1.—New Surface Produced versus Amount 
of Work Performed on Three Coals. 


limits, any grindability testing machine 
should produce new surface in proportion 
to the total work done on the coal during 
the test. Thus, any change from the 
standard procedure of loading the grind- 
ing balls with a weight of 64 Ib. or 
from the 60 revolutions given to the 
top race, should be reflected proportion- 
ately in the product. To test the 
accuracy of this assumption, a series 
of tests was run wherein the above 
factors were varied. Raw feed to the 
grindability testing machine was the 
standard No. 16 to No. 30 sieve material, 
the weight of samples was varied in 
certain tests, and Sy measurements 


Specific Surface , Sp ,$q.cm. per g 


were utilized in evaluating the materia 
finer than 44 microns that was produced, 

Figure 1 shows the straight-line re- 
lationship between the total new surface 
produced and the number of revolutions 
or the weight applied to the eight 1-in, 
balls when testing a high grindability 
coal and three lower grindability coals, 

Figure 2 shows the relationship be- 
tween specific surface produced and num- 
ber of revolutions when a low grinda- 
bility anthracite coal was tested. In 
this case, 59 g. of No. 16 to No. 30 
material were placed in the machine in 
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Fic. 2.—New Surface Produced versus Num- 
ber of Revolutions Given to Grindability 
Testing Machine. Anthracite Coal. 


each test. The weight applied to the 
eight 1-in. balls was 64 lb. in all cases; 
the number of revolutions was varied. 
The data obtained during these tests 
definitely show that increasing the 
weight or increasing the revolutions 
results in an increase in the weight of 
minus 44-micron material and in the 
amount of minus 74-micron material, 
and further, that the Sy of the minus 
44- and minus 74-micron fractions also 
increased. However, neither one of 
these increases was, in itself, proportional 
to the increase in the amount of work 
as represented by revolutions or itt 
creased weight, 
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The total new surface produced, 
nevertheless, did increase in proportion 
to the amount of work as represented by 
revolutions or weight. 

In these tests the combinations of 
number of revolutions, weight on grind- 
ing balls, and the grindability of the coal 
were such as to produce a maximum of 
3000 sq. cm. per g. of new surface. 
Within the limits used in these tests, 
it can be stated that if we utilize a 
standard coal and do the same amount of 
work on an unknown coal as we do on 
the standard, then we will obtain the 
same index. This will be independent 
of weight or revolutions. 
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Fic. 3.—Specific Gravity versus Weight of Feed 
to the Grindability Testing Machine. 


We consider that this justifies our 
original assumption regarding Rittinger’s 
law and the grindability testing ma- 
chine. 

Specific Gravity: 

The selection of 59 g. of No. 16 to 
No. 30 anthracite coal as the weight of 
material to be placed in the grindability 
testing machine during certain tests 
was based on the effect of specific 
gravity on the volume of the sample. 

Many bituminous coals have a specific 
gravity which lies within the general 
range of 1.28 to 1.44. As the coals 
change in rank, the variations from this 
range become quite marked. Anthra-. 
cite, for example, runs about 1.6 to 1.65. 
It is felt that the amount of material 
placed in the grindability testing ma- 
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chine should be such as to occupy the 
same relative volume in every test. 
To do this, the weight of the sample 
will have to be directly proportional 
either to the bulk density or the true 
density of the coal. The weight of 
Emore coal, which has a density of 
1.37, is fixed at 50 g. Hence, for the 
same volume of anthracite, 56 g. are 
required on the bulk density basis and 
59 g. are required on the true density 
basis. For most bituminous coals, the 
volume effect is too small to warrant 


TABLE III.—DATA OBTAINED WHEN NUMBER OF 
REVOLUTIONS WAS VARIED SO AS TO 
PRODUC E Cc ONSTANT FINENESS. 

| New | 
74- | Surface 
| micron of 
|\(No. 200)| Entire 
| Sieve | Product, | = lut 
Material,| sq. cm. | 
g. per g. 


Num- 

of nal 
evo- D 409 
ions Index 


Coal 


WEIGHT OF Raw Feed = : 50g. 


B-9276 
B-8721 
B-8723 
B-8670 
B-9240 
B-8935 
B-8993 
B-8533 
B-8936 
B-9278 


1488 72 | 102 
1443 | 98 72 
1344 127 52 
1480 1440 | 52 
1324 150 44 
1412 165 42 
1422 170 41 
1418 175 40 
1454 465 16 


1485 60 122 


WEIGHT OF RAW FEED = 59 g. 
B-9278 | 2.: 20 
B-9278 85 914 300 
B-9278 1444 400 
B-9278 1762 500 


serious comment whereas the specific 
gravity of anthracite is definitely beyond 
that of the bituminous range, and con- 
sideration of this feature is justified. 
Figure 3 shows the relation between 
weight of sample and density. 


Number of Revolutions: 


Having determined the relationship 
between number of revolutions and 
surface produced, a series of coals were 
tested to determine their grindability 
in terms of number of revolutions 
required to produce constant fineness. 
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Indices 
- Based on Number of Revolutions 


lac. 4.—Number of Revolutions to Constant 
Surface versus New Surface Produced. 


In these tests the weight of sample— 
was, with the exception of anthracite, 
50 g. and the raw feed was always No. 
16 to No. 30 size. 

The number of revolutions was ad- 
justed so as to produce the same weight | 
of minus 74-micron material in all cases. 
The specific surface of the entire sample 
after grinding was determined and the 
index was calculated on the relationship 
between new surface produced and 
number of revolutions in accordance 
with the formula: 


So 


where: 
So = square centimeters surface per 
gram of product, 
670 = Sy of material having a grind- 
ability index of 55, 
number of revolutions called 
for in Method D 409, 
number of revolutions required 
for test, and 
= a constant. 
Table II shows the data obtained 
during these tests. 
The indices normally obtained when 
these coals were tested in accordance 
with Method D 409 were not duplicated 


G 


when tested in accordance with the 
procedure which has just been described, 

In Fig. 4 the new indices have been 
plotted against the number of revoly- 
tions required to produce material having 
an S» value of 670 sq. cm. per g. 


Impact Tests: 

A question that is frequently raised 
is whether the type of grindability 
testing machine affects the grindability, 
For a study of this feature, a special 


| 


AnvilA 


Base B 


Fic. 5.—Sketch of Impact Tester. 


impact type tester was constructed. 
Figure 5 is a diagrammatic sketch of this 
test unit which can be briefly described 
as follows: To a steel base-block B, 
approximately 20 in. square by 2.5 
in. thick, is attached the anvil and mor- 
tar A and the upright rigid frame 
C. The hammer D_ was_ purposely 
made considerably smaller in its outside 
diameter than the inner diameter of the 
mortar. The bottom face of the ham- 
mer was parallel to the inside bottom of 
the mortar and the lifting rod £ per- 
pendicular to the same. A cover plate 
F was used to prevent the loss of fines. 
The rod passed through guides which 
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were sufficiently free to reduce friction 
to the lowest possible point. The ham- 
mer weighed 22.3 lb. and was allowed 
to drop approximately 3 in., thus pro- 


TABLE IV.—DATA ON IMPACT TESTS. 


| New 
ad | Surface, Indices 
mpact, | sq. cm. 
Coal ft-lb. Praga: per g. Foot- 
D409 
per pounc 
pe ft-lb. basis. | 
B-9276 387.0 1440 3.72 122 100 
B-8935 381.0 563 1.48 48.5 | 56 
B-8936 381.2 543 1.42 46.5 | 50 
B-8993 | 383.0 448 1.17 38.4 50 
B-9278 | 384.3 199 | 0.52 17.1 | 29 


I | vive | vi | vir 
B-9278 | 29 | 28 a 15 18 17 
B-8314 | & 26 | 
B-8336 | 46 | 39 29 
B-8476 | 47 | 42 36 | 
B-9159 47.5, 46 44 42 
B-8480 48 | 46 | | 4 
B-8495 48 | 43 42 37 40 46 
B-8985 49 | 50 46 
B-9139 49 46 50 42 
B-9141 50 53 | 55 49 
B-8936 50 | 49 | 45 40 46 
B-8993 50 | 44 | 40] 42 43 38 
B-9156 50.5) 50 | 53 46 
B-9127 51 50 51 46 
B-9140 51 57 59 56 
B-8533 51 40 40 42 
B-9160 | 51.5) 51 45 49 
B-9154 | 52 56 43 56 
B-9157 | 52 55 54 51 
B-9095 | 53 56 76 53 
B-9080 53.5| 49 50 43 
B-8494 54 46 49 | 43 48 
B-9088 54 55 | 71 51 
B-9082 54.5) 57 53 53 
B-9149 55.5) 60 57 57 
B-9075 56.5| 59 | 60 55 
B-8518 57 | 59 53 
B-8935 57 | 62 | 65 62 44 49 
B-8618 58 61 62 | 62 
B-9161 58.5; 64 | 59 62 
B-8620 59 | } 54 
B-8521 59 56 | 53 
B-8595 59 55 53 
B-8499 59 | 59 57 
B-8453 59 | 59 | 57 
B-8528 59 | 49 56 


Column I.—Identification serial of coal. 

Column I1.—1) 409 indices. 

Column III.-I\ndices obtained by subjecting the 
product of the grindability testing machine to sieve analy- 
Sin accordance with the original Method D 409 — 35 T. 
The equivalent surface area of the plus 44-micron 
material was calculated in accordance with reciprocal 
urlace units as originally described by Hardgrove (1); 
lor the minus 44-micron fraction, the reciprocal surface 
inits were calculated from the So of this fraction. 

/ 19,700 total new surface units = 55 

Column 1V.—The product of the grindability testing 
machine was broken up either into several aliquots or 
ese into several sieve fractions and the specific surface 
‘ all aliquots and all sieve fractions was determined and 


Ae specific surface of the entire product was cal- 
Ulated, 


So = 670 sq. cm. per g. = 55 


TABLE V.—INDICES OF 72 COALS2 
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ducing 5.6 ft-lb. per blow. The exact 
height was determined for each blow, 
and every ten blows the sample was 
loosened and mixed while in the mortar. 

Following some preliminary experi- 
mentation, data were accumulated when 
using 100 g. of standard No. 16 to No. 
30 sieve coal for the raw feed. The 
total work done on the coal was held 
between 380 and 390 ft-lb. per test. 
The values on five coals are given in 
Table IV. The new indices are ¢al- 
culated on the basis that 1.68 sq. cm. 
per g. per ft-lb. = 55. 


I II III} Iv| Vv VI | VII | VIII 
B-8621 59 60 
B-9240 59 53 
C-1728 | 60 50 
B-8517 60 57 51 59 
B-8470 60 64 59 
B-8642 | 60 60 57 
B-8535 | 60 55 
B-9102 61.5) 73 88 71 
B-8671 62 55 
B-9145 63.5) 77 $5 78 
B-8631 64 66 67 
B-9072 65.5) 62 65 58 
B-8670 66 58 52 
B-8619 67 63 78 | 66 
B-9137 68 73 74 | | 70 
B-8674 69 74 73 
B-8482 70 72 72 72 
B-8274 73 72 78 
B-9158 75 78 81 82 
B-8723 75 73 
B-9084 77 79 | 77 74 
B-8445 79 81 81 81 
B-8443 80 76 83 
B-9100 80.5) 85 87 85 
B-9099 81.5) 78 98 | 90 
B-9085 82 88 | 84 | 88 
B-8721 | 83 100 | 105 | | 88 | 102 
B-8323 | 84 93 93 
B-8271 89 88 | 101 | 101 | | 102 
B-9134 93 165 | 105 115 | 
B-8411 94 107 | 118 | 
B-9276 100 122 | 122 | 122 a23 | 122 122 
B-8635 | 101 126 | 148 | 
B-8525 | 106 127 | 149 
B-9061 109 123 | 124 137 
B-8337 | 112 109 132 


Column V._-The surface area of the entire 50 g. of * 


grindability testing machine product was determined in a 
single large cell in the Lea-Nurse apparatus. 
So = 670 sq. cm. per g. = 55 
Column VI.—-Index based on the total surface of the 
material passing through the 44-micron (No. 325) sieve. 
This was calculated by determining the specific surface 


of this fraction and multiplying it by the grams passing — 


the 44-micron sieve. 
So X W = 48,000 sq. cm. = 55 

Column VII. 
tween the specific surface of the entire product and the 
number of revolutions required to produce a fixed amount 
of surface. 

60 revolutions at 670 sq. cm. per g. = 55 
Column VIII.—Index based on impact tests. 
1.68 sq. cm. per g. per ft-lb. = 55 


Index based on the relationship be-— 


| 


I ndices: 


It has been shown that the normal 
Method D 409 indices were not re- 


es) 


> 
oO 


Indices-Column II, Table Y 
Oo ro) 


20 +40 60 80 100 120. 


Original Indices, Method D 409 
Fic. 6.—Relation Between Method D 409 In- 
dices and Those Obtained by Adjusting New 
Surface Units of Minus 44-Micron Material. 
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Indices-Columns IV and VY, Table 
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Original Indices, Method D 409 


Fic. 7.—Relation Between Method D 409 
Indices and Those Obtained by Determining 
Specific Surface of the Product of the Grindabil- 
ity Testing Machine. 
produced when surface area, where So 
equals square centimeters per gram, 
was used for evaluating the product 


of the impact tester or the grindability 
testing machine. 
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Indices-Column VI, Table 
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Original Indices, Method D 409 


Fic. 8.—Relation Between Method D 409 
Indices and Those Obtained by Calculating 
the Total Surface of the Minus 44-Micron 
Material. 
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Column YI 
Column Wi 


re) 


Indices - Columns VII & Will Table 


20 40 60 80 100 120 
Original Indices, Method D 409 


Fic. 9.—Relation Between Method D 4? 
Indices and Those Obtained by Impact Tester 
and Number of Revolutions Required to Pro- 
duce Constant Surface. 


Earlier in this paper, we showed that 
the data obtained with the Lea-Nurse 


Origin 
D 40 


to sev 
obtain 
tween 
variou 
Tab 
collect 
Coals 
ners, 
The 
plotter 
inclusi 
ment ¢ 


; 1162 ROMER ON GRINDABILITY AND FINENESS OF COAL ¥ a 
resul 
|| eithe 
Mett 
(140 tests 
120 409 iy 
tests, 
ane 
A grind 
| 
| 
Indice 
100... 
ok 80... 
0 60... 
TABLE 
- 
- 
g 
20 
0 0 


air permeability apparatus produced 
results that were not in agreement with 
either the Wagner turbidimeter data or 
Method D 409 indices. The various 
tests which have been so far reported, 
while not agreeing with the Method D 
409 indices, are in other respects in yood 
agreement, While carrying on these 
tests, many samples of coal submitted 
to us for routine determinations of 
grindability were so handled that we 
were able to calculate the data according 


TABLE VI.—NUMERICAL VALUE OF PRINCIPAL 
COORDINATES OF FIGS. 6, 7, 8, AND 9. 


D 409 Column Columns | Column Coes 

Indices | IVandv,| VI, VIII, 
Fig. 6 Fig. 7 Fig. 8 Fig. 9 

120 | 122 122 122 
80..... | 88 89 89 83 
 .... 58 61 61 55 
53 55 55 49 
ae 35 37 37 36 
Ce | 15 17 16 14 

0.. 0 0 0 0 
TABLE VII.—-RELATION BETWEEN ORIGINAL 


METHOD D 409 INDICES AND EQUIVALENT 
SPECIFIC SURFACE, SQ. CM. PER G. 


| Average of 
Original Method Equivalent So, 
D 409 Indices | V, Fig. 7 sq. cm. per g. 60 aD 


122 1485 
89 1085 
eee 61 745 
55 670 
37 450 
17 195 

0 0 


to several formulas, and in this way we 
obtained considerable inter-relation be- 
tween specific surface, weight through 
vatious sieves, and grindability indices. 

Table V gives all of the data we have 
collected regarding the indices of 72 
coals when determined in various man- 
ners, 

The data listed in Table V have been 
plotted and reproduced as Figs. 6 to 9, 
inclusive. These plots show good agree- 
ment and permit drawing smooth curves. 
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Table VI lists the main points of these 
curves. 

The final curve for interrelating spe- 
cific surface indices and Method D 409 
indices is shown in Fig. 10 and the main 
points of this curve are given in Table 
VII. 

As a result of adding specific surface 
principles to the determination of grind- 
ability, the indices of softer coals rise, 
whereas coals having indices, according 


1600 


1400 


1200 


per g 


sq.cm 


Specific Surface, So 


200 


100 
Original Indices, Method D 409 


lic. 10.—Interrelation Between Method D 409 
Indices and Average of Those of Fig. 7. 


to the Method D 409 scale, of 65 or less 
show little change. In fact, it would 
appear that the present indices could be 
retained for the majority of coals used 
commercially, as they fall in the range . 
of 45 to 65. 


SUMMARY 
After reviewing the methods for 
determining particle size or surface 


area of subsieve fractions, the Lea-Nurse 
air permeability apparatus was selected 
for a study of these fractions as well as — 
for a study of the grindability testing — 
machine and the grindability of coal. 
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The test results can be summarized _ grindability testing machine is pro- 
as follows: portional to the amount of work. 
1. The grindability testing machine 3. Under conditions of constant work, 
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Fic. 11.—Relation Between Specific Surface and Percentage Passing 74-micron (No. 200) Sieve; 
100 Series Pulverizer. 
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Fic. 12.—Relation Between Specific Surface and Percentage Passing 74-micron (No. 200) Sieve; 
“E” Series Pulverizer. 


Specific Surface , So, Sq-m. per g. 


has been shown to operate in accordance the grindability is proportional to the 
with Rittinger’s law. new surface produced. 
2. The new surface produced in the 4. The indices, as a result of the 
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method of measuring surface area, are 
not the same as those obtained when 
following the principles of Method 
D 409. 

While it is considered that the indices 
based on specific surface measurements 
are more accurate, this does not mean 
that such methods will have to be 
adopted for measurement of grindability. 
The curve of Fig. 10 indicates that there 
is a definite relation between the present 
indices and those based on_ specific 
surface. It may be that this curve will 
not hold for every individual sample 
but unquestionably it is as accurate 
as the sampling and other features that 
may enter into the determination of the 
grindability of coal, and it would seem 
as if this curve could be used as a con- 


version ratio. 


Pulverized Coal: 


In batch pulverizers, such as_ the 
grindability testing machine, where the 
minus 44-micron material may contain 
particles as small as 1 micron in diameter, 
specific surface data may be needed 
to amplify the sieve analysis. This 
condition is particularly true in the 
case of coals of high grindability. 

In the case of continuous pulverizers, 
particularly air-swept pulverizers with 
classifiers, we have a condition where 
there may be a greater uniformity in 
particle size and under these conditions 
the relation between percentage passing 
a given sieve and specific surface may be 
quite uniform up to some limiting 
value. 

The variation in the specific surface 
of the minus 44-micron material pro- 
duced in the grindability testing machine 
led to the testing of a number of samples 
of pulverized coal in order to establish 
the relation between percentage passing 
4 74-micron (No. 200) sieve, specific 


— 


- : ROMER ON GRINDABILITY AND FINENESS OF COAL 1165 


surface, and grindability. 


The data thus obtained were plotted 


and have been reproduced as Figs. 11 
and 12. 

To date sufficient data have not been 
accumulated to warrant the drawing 
of final conclusions but certain definite 
trends have been observed. 

For any one type of pulverizer, the 
specific surface for any given percentage 
passing a 74-micron (No. 200) sieve 
increases with grindability. 

The surface produced for a given 
percentage passing varies with the type 
of pulverizer and classifier. 

The curves of Figs. 11 and 12 suggest 
that as the percentage passing decreases, 
the specific surface decreases, proportion- 
ately. On the other end of the scale 
there is a marked rise in surface as the 


percentage passing a 74-micron sieve 
approaches 100. 
The point where the curve changes 
shape appears to be a function of 
grindability, occurring at lower per- 
centages passing for high grindability 
coals than for low grindability coals. 

There is little question but that a 
great deal of work remains to be done 
before final conclusions as to the effect 
of specific surface on grindability indices | 
and the measurement of fineness of 
pulverized coal can be drawn. 

The use of sieve analysis, particularly 
a 74-micron (No. 200) sieve, for measur- 
ing the fineness of pulverized coal is 
well established and in many instances © 
it furnishes all the data required. The 
Lea-Nurse method of determining spe- . 
cific surface may not lend itself readily 
to plant control, and where extreme 
fineness is not required, its use may not © 
be justified. For those operators, who, 
for one reason or another, require very 
fine grinding, this method of evaluating 
their finished product may find wide- 


spread use. 
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Mr. P. S. ROLierR! (presented in 
written form)2—A laboratory crushing 
device analogous to the impact tester 
employed by Romer was described in 
1929 by Gross and Zimmerley*® of the 
U. S. Bureau of Mines, who used it in 
careful measurements of the relation- 
ship between: work input and surface 
produced in crushing quartz. They 
concluded that the relationship between 
work and surface is linear and that 
Rittinger’s law is accurately obeyed. 
Their conclusion supports Romer’s as- 
sumption regarding this relationship. 

An impact crusher such as that de- 
scribed in Romer’s paper seems very 
attractive as a means of estimating 
grindability in view of its simplicity 
and the fact that the work input is 
definitely known in foot-pounds or ergs. 
An obstacle that might remove the 
method from consideration would be 
nonconformance of the values it gives 
with the standard test, but the author 
has shown that it arranges the coals in 
the same order of grindability as the 
standard test and gives numerical values 
that are comparable. Grindability is 
a complicated phenomenon that de- 
pends on many conditions, as Romer’s 
paper partly shows, and there is no 
a priori reason for favoring one set of 
results over any other set that differs 
from it only in moderate degree. 

My own investigations in this field 
lead me to affirm that the Hardgrove 
_ Physical Chemist, Eastern Experiment Station, 

. S. Bureau of Mines, College Park, Md. 

* Published by Permission of the Director, U. S. Bureau 
of Mines, Department of the Interior. 

J. Gross and S. R. Zimmerley, ‘‘Milling and Concen- 


tration,” Technical Publication 127, Am. Inst. Mining 
and Metallurgical Engrs. (1929). 


grindability index expressed in terms — 
of the percentage passing the No. 200 
sieve is fundamentally sound, since it 
reflects fairly accurately the surface 
area of the material whenever, as in 
Romer’s experiments, the percentage 
passing No. 200 sieve is not too great. 
The air-permeability method of deter- 
mining surface area (called in Romer’s 
paper the Lea-Nurse method) without 
question is accurate within its field. 
I do not believe its field includes the 
ascertainment of submicroscopic irregu- 
larities, but for ascertaining geometrical 
irregularities the method apparently 
serves well. There is only one ques- 
tion and that is whether there is a limi- 
tation to the .fineness of the sample. 


In the liquid-permeability method such 
a limitation of fineness was found, as 
stated on page 1154 of Romer’s paper. 
In a comparison of results using other 
methods with those of air permeability,’ 
there was evidence that when the hetero- 


disperse powder was very fine the values 
obtained by the air-permeability method 
were low. As an explanation, it was 
suggested that channeling of the air 
might occur in a fine heterodisperse 
material. Further studies would be 
desirable on this point, as it may have 
some bearing on the lack of regularity 
in the ratios (surface area by air per- 
meability to Wagner turbidimeter values) 
given in Table I of Romer’s paper. 


4P.S. Roller and P. V. Roundy, Jr., ‘Surface Area of 


Particle Size Determination in the Subsieve Range, 
». 36, Washington Spring Meeting, Am. Soc. Testing 
Mats. (1941). (Symposium issued as separate publica- 
tion.) 
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Mr. A. SHERMAN® (presented 
in written form).—The many data that 
have been accumulated by the author 
on the relation of the work done on a 
sample of coal to the new surface 
produced prove quite conclusively that 
Rittinger’s law is valid. Previous ap- 
parent inconsistencies in this relation 
when the number of revolutions or the 
load was increased were due merely to 
the lack of a method for the determina- 
tion of the specific surface of the coal 
before and after grinding. The air 
permeability method fills this need; its 
application to the determination of the 
specific surface of pulverized coal would 
follow precedents established rapidly 
one after the other in the past two years 
in the cement, textile, and paint in- 
dustries. 

The paper furnished new data for 
use of Subcommittee VII on the Pul- 
verizing Characteristics of Coal of the 
Society’s Committee D-5 on Coal and 
Coke that may enable it to revise the 
present two tentative methods for de- 
termination of the grindability of coal. 
Inasmuch as the author has shown that 
the impact machine and the Hard- 
grove machine give comparable results 
when the air-permeability method is 
used for the determination of the new 
surface, it seems likely that the ball mill 
could also be used in a simpler and less 
tedious modification than the present 
method for the application of work to 
the sample of coal. Perhaps it may be 
possible to eliminate the specification 
of the type of machine from the standard 
and to specify only the method of meas- 
urement of the new surface produced 
and the method of expression of the 
relation to some standard coal. 

If it were readily possible to define 
accurately the work done on the sample 
of coal, it should be possible to express 


5 Supervisor, Fuels Division, Battelle Memorial In- 
stitute, Columbus, Ohio. 


the results merely in terms of new surface 
produced per unit of work and thus 
eliminate the reference to a standard of 
grindability such as the Emore coal, 
If no simple means are found to do this, 
the retention of the standard coal seems 
necessary and the author’s method of 
calculation in which he makes the new 
index agree with the old in the range of 
50 to 60 grindability, in which the ma- 
jority of high-volatile coals fall, seems 
wise. 

Because the apparatus is relatively 
simple and the time required for the 
determination of the specific surface, 
if the specific gravity is known, is so 
short, it would seem desirable to include 
the determination in a standard method 
rather than to refer to a conversion 
curve such as the author’s Fig. 10. 
‘The apparatus and method should be of 
great value to any plant burning pul- 
verized coal as a control of the product 
of their mills, for interpretation of 
the results with different coals, and asa 
guide to the adjustment of the air classi- 
fier on the mill. 

Mr. R. M. HARDGROVE® (presented 
in written form).—The  Lea-Nurse 
method of determining specific surface 
has provided a simple, rapid method of 
determining the specific surface of a 
pulverized product. 

The determination of new surface 
produced in the grindability test by the 
Lea-Nurse method will increase the 
accuracy of the determination and should 
receive consideration by Subcommittee 
VII of Committee D-5 for revision of 
the Tentative Method of Test for Grinda- 
bility of Coal by the Hardgrove-Machine 
Method (D 409 — 37 T)’. 

Figure 10 of the paper shows that the 
new surface produced as measured by 
the Lea-Nurse method is practically 
proportional to Method D 409 grinda- 


6 The Babcock & Wilcox Co., New York, N. Y. 
71939 Book of A.S.T.M. Standards, Part int 'p. 566. 
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e 
5 except for the higher grindabilities unit of fineness in the testing of pul- i 
f where it shows higher values. Figures verizers would require considerable edu- , 
. 11 and 12 show the specific surface of cation, as the No. 200 sieve test is 
7 pulverized coal to also increase rapidly universally used at present. 7 
S at higher grindabilities for the same per- There is also some question as to- 
if centage passing a No. 200 sieve, which is whether high specific surface in pul-— 
y consistent with the higher grindability verized coal above certain values is 
if values. This means that the relation justified, and perhaps the customary 
130 
1S 
2 / | 
1€ > AN) 
Method D 409 Machine 
le 100 Lea -Nurse 
rd 
mn 90 Ae V 
(). a2 / AR 
of Method D409~_// 7, 
> 80}— 
of Type /a 
a 
Si- 60 4 iil | 
@ A.B.M.A Pulverizer Rating 
ted 90 at 55 Grindability | 
se A | 
ice 
of & | 
a 
30 40 50 60 70 80 90 100 10 
ace Hardgrove Grindability Method D409 
the Fic. 1.—Relation Between Capacity of Various Types of Pulverizers and Grindability by Various 
the Methods. 
uld 
tee between grindability and pulverizer ca- percentages passing a No. 200 sieve are 
of pacity would not be altered appreciably _ really a better standard. This has been 
da- it the grindability was determined by true in pulverizing cement rock where 7 
‘ine using the Lea-Nurse method to obtain high surface does no good and the No. 7 
the new surface, and the pulverizer 200 sieve is still used as the best indica- 
the output was based on the pulverized tion of satisfactory pulverization, al- 
by coal having a constant specific surface though in the same plants specific 
ally as determined by the Lea-Nurse method, surface is used as the standard for 
\da- that is, the same method of measure- pulverizing cement clinker. 
ment used for the grindability test and The accompanying Fig. 1 shows the 


bility throughout most of the range 


the adoption of specific surface as the 


for the testing of pulverizers. However, 


relation between pulverizer capacity at a 


| 
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standard No. 200 sieve fineness and the 
Method D 409 grindability. This shows 
six types of pulverizers, two of which 
match the Method D 409 proportional 
line very closely, while the capacity 
of the other four falls below at high 
grindabilities. The two types matching 
the Method D 409 line have a very active 
circulation and prompt removal of fines 
and the finished product cushions the 
grinding process the least. The Method 
D 409 grindability scale represents 
the best pulverizer circulation developed 
so far. 

The ball-mill grindability scale*, when 
plotted against Method D 409, shows 
higher values at high grindabilities 
and the agreement with actual pulverizer 
capacities is not so good. Apparently 
Method D 408 is neither a true measure 
of the new surface or of relative pul- 
verizer capacity at a standard No. 200 
sieve fineness. The new scale obtained 
by using the Method D 409 machine, 
but determining the new surface by the 
Lea-Nurse method, is still higher and, 
therefore, more out of line with pulverizer 
capacity. If the Lea-Nurse method 
were used instead of the No. 200 sieve 
on the ball-mill test, the high grindability 
values would be higher than they 
now are. 

As long as pulverizer performance is 
based on a standard No. 200 sieve 
fineness, it would seem very desirable 
to retain the Method D 409 scale of 
values. This is particularly desirable 
in view of the large amount of data 


States and the broad use by engineers 
of the Method D 409 scale in the pur- 
chase and testing of pulverizers. 

_ It is our belief that the procedure 
that would result in the least confusion 
= be to use the Lea-Nurse method 


Bs on the coals of the United 


- 8Tentative Method of Test for Grindability of Coal 
by the Ball-Mill Method (D 408 - 37 T), 1939 Book of 
Standards, Part III, p. 562. 


of determining the new surface in the 
Method D 409 machine and translating 
it to equivalent Method D 409 scale 
by a curve such as Fig. 10 of the paper, 

Mr. R. B. TExtor.*—In spite of all 
the work on this important determina- 
tion of the grindability of coal, there 
still remains a question that to me seems 
to be bound up with the apparatus, and 
that is the fundamental definition, | 
am wondering whether Mr. Romer 
would say, in the light of his researches 
on the specific surface, whether he has 
anything to contribute in the way of a 
more fundamental definition of the 
grindability of a coal and of the index 
of grindability. There seems to be con- 
siderable confusion at present on this 
point in the minds of many people. 

Mr. J. B. Romer"® (author’s closure), 

Mr. Roller’s very interesting com- 
ments on the relationship between work 
input and surface produced further sub- 
stantiates the validity of the grindability 
testing machine as a device that obeys 
Rittinger’s law. 

Although we found the impact tester 
to be of great value in this particular 
research, we do not consider that such 
a machine would be desirable for the 
general determination of grindability. 

Roller raises the question of whether 
there is a limitation to the fineness of 
the sample. Our data indicated that 
the results were reliable for materials 
that passed a 44-micron (No. 325) sieve. 
We did not endeavor to obtain data 
regarding the accuracy when the entire 
sample was smaller than 2 microns, 
which is the apparent limit for liquid 
permeability apparatus. We _ have 
measured the surface area of sublimed 
zinc oxide and obtained a value of the 
order of 18,000 to 19,000 sq. cm. per ¢: 
This represents an average particle di- 


* President, The Textor Laboratories, Cleveland, Ohio. 
1 Chief Chemist, The Babcock & Wilcox Co., Bar- 


berton, Ohio. 
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le ameter of less than 1 micron. No 
ig trouble was experienced in making 
le these determinations but we do not 
have any data to substantiate the ac- 
i curacy of the value obtained. 
A- I am sorry that I cannot furnish Mr. 
re Textor with a new or better definition 
nS of the grindability of a coal and of the 
id index of grindability. 
I I agree with Mr. Sherman as to the 
er need for apparatus to measure the sub- 
es sieve fractions and the desirability of 
as applying such methods to many exist- 
a ing standards. In this connection, an 
he article by Sherman!" contains some in- 
eX teresting data on surface area which was 
n- determined by the tedious microscopic 
Lis count method. Sherman’s samples, 
which were prepared by grinding in a 
e), pilot plant mill, showed an entirely dif- 
n- ferent surface area for a given sieve 
rk analysis than we obtained when meas- 
b- uring samples from production mills 
ity and which data were presented in Figs. 
ys 11 and 12. Sherman’s figures do, how- 
ever, show the same general relationship 
ter between grindability, the percentage 
lar passing a 74-micron (No. 200) sieve, 
ich and surface area. 
the 


Sherman, “Burning Characteristics of Pul- 
verized Coals and the Radiation from Their Flames,” 
Combustion, December, 1933. 
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Hardgrove brings up a very interest- 
ing point as to whether high specific 
surface in pulverized coal above certain 
values is justified. This is extremely 
interesting, since a study of Figs. 11 
and 12 shows that for any given per- 
centage passing a 74-micron (No. 200) 
sieve, the specific surface depends, 
among other things, upon the grinda- 
bility of the material or, in other words, 
there is no fixed relationship between 
specific surface and percentage passing 
any given sieve. 

The relation between the work in- 
put and the new surface produced is of 
interest to several of the discussors. 
Bond” makes the following statement: 


“It is interesting to note that about as much 
net energy is required to reduce a ton of quartz 
to particles of the grind-limit diameter by 
grinding as is required to melt the quartz. 
The two types of disassociation may be com- 
parable in some respects.” 


Bond was dealing with three well- 
known western copper ores and for 
such material this relation may be more 
apparent than in the case of coal. 


12 F, C. Bond, ‘Measuring Surface Area in Grinding,” 
Technical Publication 1296, Am. Inst. Mining and Metal- 
lurgical Engrs. (1941). 
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MEASUREMENTS OF POWER FACTOR AND DIELECTRIC CONSTANT AT 
ULTRA HIGH FREQUENCIES* 


By K. G. R. F. Firetp,? E. O. Hausmann,? Toomas Hazen,! 
AND Harry R. MEaAnHL® 


q SYNOPSIS 


The theory of the susceptance-variation method for measuring power 
factor at ultra high frequencies is discussed and four forms of apparatus 


are shown. 
equipments are summarized. 


The results of round-robin tests on solid dielectrics using these 
In addition, investigations of modifications of 


the resonant-circuit substitution method of the A.S.T.M. Tentative Methods 
of Test for Dielectric Strength of Electrical Insulating Materials at Com- 
mercial Power Frequencies (D 150 — 39 T)® to adapt it to ultra high frequencies 
are reviewed, and both the negative results and valuable by-products of these 
investigations are given to aid anyone starting to make power-factor measure- 


ments at ultra high frequencies. 


There have been many attempts made 
to extend to the ultra high frequencies 
the use of the well-known resonant- 
circuit resistance variation method for 
measuring power factor. However, lead 
inductance and series resistance effects 
became increasingly troublesome at the 
higher frequencies, tending to limit the 
range of this method and no apparatus 
or technique suitable for inclusion in the 
A.S.T.M. Tentative Methods D 150 
was found. In 1936, a form of the reso- 
nant circuit susceptance-variation in 
which inductance and series resistance 
effects were reduced by having a parallel- 


* The presentation of this paper at the annual meeting 
was sponsored by Committee D-9 on Electrical Insulat- 
ing Materials. 

IMember of Technical Staff, Bell Telephone Labora- 
tories, Inc., New York, N. Y. 

. Electrical Engineer, General Radio Co., Cambridge, 

ass. 

_+ Engineer in Charge of Bridgeport Laboratory, Con- 
tinental Diamond Fibre Co., Bridgeport, Montgomery 
County, Pa. 

4 Member of Bloomfield Laboratories, Bakelite Corp., 
Bloomfield, N. Y. 

5 General Engineering Laboratory, General Electric Co., 
Schenectady, N. Y. 

6 1939 Book of A.S.T.M. Standards, Part III, p. 745. 


plate variable air capacitor serve both as 
standard capacitor and sample-holder, 
was described (1).7. Since then, four 
different forms of this have been built 
and used with good results. These 
equipments are shown in Figs. 1, 2, 3, 
and 4. Fundamentally, they all work 
on the same principle. 

This paper presents the data taken in 
a series of round-robin tests by the 
authors using this circuit and forming 
the basis of the current proposed revi- 


sion of D 150. 7 
THEORY 


In the susceptance-variation method 
of measuring power factor, the change in 
conductance of a parallel tuned circuit, 
Fig. 5, caused by the insertion of a sam- 
ple of dielectric material in the capacitive 
branch is measured in terms of capaci 
tance change, capacitance, and voltage 
~ 1'The boldface numbers in parentheses refer to the re- 


ports and papers appearing in the list of references ap 
pended to this paper, see p. 1182. 
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ratio. A mathematical proof of this is of this to the susceptance of the sample. 

readily obtained by calculating the total It has been shown that: 

conductance of the measuring circuit, wAC 
tance...(1) 

first for the condition of the sample in 


V,/V)? —1 


Fic. 1.—Susceptance-Variation Method Apparatus—General Radio Co. 


place and then for that of the sample where w 2xf and f = frequency, 
removed. The difference of these two cycles per second, 

conductances is the conductance of the change in capacitance nec- 
sample, and the power factor is the ratio essary to tune the cir- 
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cuit from V through V, When a parallel-plate capacitor is used 
to V again. as a combination sample holder and 
= voltage at resonance, and_ standard capacitor and electrodes com- 
chosen value of voltage off pletely cover the sample: 

resonance _ (ordinarily 
0.707 V, to simplify cal- 
- culations). where C, = geometric capacitance of 
Therefore parallel-plate capacitor, C2, at the second 

resonance adjustment. 

sample conductance. (2) Taking the capacitance C, of the test 


2V(V,/V)? — 1 specimen equal to the geometric capaci- 


a where AC; = AC sample in place, and tance C, of the parallel-plate capacitor 
. AC, = AC sample removed automatically introduces a correction for 
_ then fringing in the apparatus of Fig. 2 and 
save a value within the accuracy require- 
Gs AC, — ACo 


tané, = — = Foe _.(3) ments of D 150.6 The following equa- 


2.—Susceptance-Variation Method Apparatus—Bell Telephone Laboratories, Inc. 


where C, = capacitance of sample. 
When V = 0.707 V, where C, = calibration capacitance of 
parallel-plate capacitor 
int... C2. at the second reso- 
nance adjustment, 
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Fic. 5.—General Schematic Diagram of Sus- 
ceptance-Variation Method. 
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calibration capacitance of 
C, at the setting with 
the sample in place, and 
C’, = computed capacitance of 
C2 at the setting with the 

the sample in place, 
was used with the apparatus of Fig. 1. 
Since the resonance voltage when a 
sample is in the measuring circuit, V3, 
is different from that when the sample is 
removed, Vo, and is inversely propor- 
tional to the conductance of the circuit, 


Fic. 6.—Resistance-Variation Method Apparatus—Continental Diamond Fibre Co. 
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the power factor may also be calculated 
from the following equation: 
AC: Vo Vi 


tan 6, = — 


2s Vi 


_ The dielectric constant may be cal- 
culated from the formula: 


Cz 
K= where Ca(uuf.) = 0.2249 A/t . (8) 


where ¢ = average thickness in inches 
_ of test specimen excluding 
the thickness of specimen 
electrodes, and 
A = area in square inches of 
specimen electrodes. 


MobpIFICATIONS OF D 150- 39 T 


Before the four different forms of the 
susceptance-variation method were built, 
several modifications of the resonant- 
circuit resistance variation method were 
attempted, a typical apparatus being 
shown in Fig. 6. The results were nega- 
tive in so far as obtaining a method suit- 
able for A.S.T.M. work was concerned. 
Valuable information, some of which 
became evident during this study and 
the preliminary work with the sus- 
ceptance variation circuit is as follows: 

1. The input to the measuring circuit 
must be stable with respect to both fre- 
quency and amplitude. Changes of 
0.1 per cent are barely tolerable. 

2. The measuring circuit must be 
completely shielded. 

3. Ground connections must be short 
and massive. 

4. The inductance used should have 
a Q (ratio of wh to R) of at least 200. 
Increasing Q increases the sensitivity of 
the circuit. 

5. The power factor or tan 6 of the 
circuit should not exceed 0.01 and should 
be kept as small as possible. 


6. The vacuum-tube voltmeter, or 


whatever indicating instrument is used. 
must have a negligible effect on the 
measuring circuit. In a vacuum-tube 
voltmeter, this means low input capaci- 
tance and conductance. The “acorn” 
diode vacuum tube is well suited for this 
purpose and other types have been found 
satisfactory. 

7. Loose coupling between the source 
of radio frequency power and _ the 
measuring circuits is necessary, induc- 
tive, capacitive and resistive coupling 
being found equally satisfactory. 

8. The geometry of the measuring 
circuit must remain practically constant 
with the sample “in” and “out” of the 
circuit. 

9. The threads of the screw mounting 
and movable plate of the parallel-plate 
capacitor may require a constant im- 
pedance shunt consisting of a mercury 
well or flexible copper screen to promote 
stable electrical performance. 

10. The fixed (high) plates of the 
parallel-plate capacitor and the vernier 
capacitor should be common if possible, 
while their movable plates should be 
effectively grounded. 

11. The leads from the vacuum tube 
voltmeter to the fixed (high) plates of 
the parallel-plate and vernier capacitors 
should be short. 


Test METHODS 


The same care that is exercised in 
preparing samples for power factor tests 
at low frequencies with regard to clean- 
liness, low resistance electrodes, drying, 
or other conditioning should be used 
when high-frequency measurements are 
made. 

It is obvious from the nature of the test 
that considerable latitude is allowable in 
test methods. It was found that 4 
sample of clear fused quartz may be 
used as a standard specimen to test any 
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method. Due to its low power factor of 
0.0002, which generally has been ac- 
cepted as being constant over a wide 
frequency range, errors caused by any 
inductance residual in the equipment 
may readily be detected. Improvement 
particularly in the sensitivity of the 
equipment and technique possibly will 
lead to better agreement with the flat 
frequency characteristic of clear fused 
quartz than that shown in the curves. 

One way of using the susceptance- 
variation method for measuring the 
power factor of solid dielectrics is to 
insert a specimen capacitor, with elec- 
trodes affixed, in the parallel-plate 
holder, C2, and resonate the circuit at 
the desired frequency by means of C, 
(alternatives are to vary L or the oscil- 
lator frequency). Note the maximum 
voltage, Vi, and then adjust the vernier, 
C,, until the voltage is reduced to 0.707 
V; first on one side, then on the other, of 
the resonance setting recording the ca- 
pacitance values C,; and Return 
C, to resonance setting. Remove the 
specimen and restore resonance by means 
of parallel-plate capacitor, C2, Note the 
maximum voltage Vo and record the 
capacitance value C, of C2, Again de- 
termine the change of capacitance to 
tune from 0.707 Vo to 0.707 Vo again 
by means of C, and record Cy and Cy’. 
Then AC, = Ci one Cy’ and = Co Cy’ 
and tan 6 may be calculated by using 
Eq. 4, 


-= 
2Cz 


DESCRIPTION OF EQUIPMENT 


When the parallel-plate capacitor, Co, 
has 2-in. diameter electrodes, it has a 
capacitance range of from 7.07 yuf. at 
0.100 in. separation to 70.7 pf. at 0.010- 
im. separation. The movable plate is 
usually mounted on a fine thread, the 


conventional 1-in. machinists microm- 
eter having 40 threads to the inch being 
found mechanically satisfactory. 

Vernier capacitors on _ standard 
micrometer drives having capacitance 
changes per division of from 0.002 upf. 
to 0.008 uuf. have been used. 

In the form of the susceptance varia- 
tion circuit shown in Fig. 1, shielding, 
terminals for a tuning coil, terminals for 
a vacuum tube voltmeter, terminals for 
a signal generator, a variable coupling 
capacitor, a variable calibrated tuning 
capacitor, a parallel-plate combination 
standard capacitor, and sample holder 
are built intoa single unit. The vacuum 
tube voltmeter, tuning coil, and signal 
generator are not shown. 

The data taken using this apparatus 
were analyzed by means of Eqs. 6 and 7. 

Figure 2 shows a parallel-plate com- 
bination standard capacitor and sample 
holder with two micrometer vernier 
capacitors built in and a tuning coil at- 
tached. The signal generator, vacuum 
tube voltmeter, and coupling unit are 
not shown. The data taken using this 
apparatus were analyzed by means of 
Eqs. 4 and 5. 

Figure 3 illustrates inexpensive con- 
struction and loose coupling. The data 
taken using this apparatus were analyzed 
by means of Eqs. 6 and 7. 

Figure 4 shows a complete equipment 
consisting of a parallel-plate combination 
standard capacitor and sample holder, a 
micrometer vernier capacitor, a vacuum 
tube voltmeter, a tuning variometer, a 
signal generator, and an electrostatically 
shielded, resistance damped, inductive 
coupling unit. The eleven desirable 
features discovered while attempting 
modifications of D150 were incorpo- 
rated in this apparatus. The data 
taken using this apparatus were analyzed 
by means of Eqs. 4 and 5. 
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1024, 
Hard Rubber A 
0.0050-— 
fu 
SU 
0.0020 — 
Myca/ex Mater!a: 7 
Bell Telephone Laboratories 
0.0005 © General Electric Company ° a. wl 
4 General Radio Compony “hy 
Bakelite Corporation 
Polystyrene 4 
0.000! 
0.0010 
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| 
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0.10 
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ac 
Fic. 7.—Power Factor versus Frequency Data. 


The test data obtained with samples of 
fused quartz, polystyrene, mycalex in- 
sulation, No. 1024 hard rubber, Grade 
CE natural phenol fabric, grade XX 
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Committee D-9 on Electrical Insulating 
Materials are shown graphically in Figs. 
7 and 8. 


DISCUSSION OF DATA 


The data were taken at room tempera- 
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Frequency, 


natural phenol fiber, and grade XPLW 
natural phenol fiber in a round robin by 
Section G on Measurement of Power 
Factor at Ultra High Frequencies of 
Subcommittee VII on Electrical Tests of 


Fic. 8.—Dielectric Constant versus Frequency Data. 
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tures and humidities, on different sets of 
samples, over a period of about four 
years and using apparatus differing as 
shown in Figs. 1, 2, 3, and 4. The 
agreement obtained is considered satis- 
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factory for A.S.T.M. purposes. The 
departure from a flat frequency char- 
acteristic for fused quartz indicated by 
the curves apparently is caused by a 
high experimental error, because the low 
power factor values of quartz approach 
the limitations of the method. 


CouTLEE, et al. 


The data presented graphically show 
that the susceptance-variation method 
of measuring power factor is suitable for 
A.S.T.M. work over the power factor 
range of 0.0001 to 0.1 and over the fre- 
quency range of 0.1 to 100 megacycles 
persecond. 
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REPORT ON ROUND-ROBIN TESTS OF POWER FACTOR AND _ 
DIELECTRIC CONSTANT FOR GLASS* 


SYNOPSIS \ 

Recognizing the need for better coordination of test methods, Section B of 
Subcommittee V of the Society’s Committee D-9 met in Corning in 1935 to 
organize a study of this problem. It was decided that each member of the 
committee who was in a position to make measurements would undertake the j 
problem independently and independent of any other set of standardized 
measurements. 

From five commercial glasses representative of high and low-loss types 60 - ; 
samples were prepared. The samples were circulated in a “round-robin” | 
b, . manner to six laboratories. The data from all of the laboratories were © 
plotted on one curve for each type of glass. 

Conclusions drawn from these data were that for accurate power-factor 
measurements it was necessary to eliminate stray circuit components so far as : 
possible and to evaluate correctly those remaining. Further, the increase in 


power factor which has been noted when the substitution method is used at 
higher frequencies is almost certainly due in part to resistance in the leads to 
the test condenser. 

The substitution method for measuring power factor described in A.S.T.M. _ 
Methods D 150 ~ 36 T is satisfactory for glass when minor modifications 
are made. Recommendations have been made to modify the standards in the 
light of the data presented. 


Large discrepancies have been found problem independently and independent 
in dielectric constant and power factor of any other set of standardized measure- | 
measurements made on glass by different ments. After a satisfactory degree of 
observers in different laboratories.” progress had been made, the frets 


Recognizing the need for better co- were to reassemble, compare their results 
ordination of test materials, Section Bon and agree upon the best technique to be 
Glass of Subcommittee V on Ceramic followed. From this technique it was 
Products (Porcelain, Glass, Etc.) of thought to be possible that specifications — 
Committee D-9 on Electrical Insulating for making measurements on glass could 
Materials met in Corning, N. Y., in 1935 be drawn up. 
to organize a study of this problem. It Comparisons of test methods indicated . 
was decided that each member of the that each laboratory employed different 
committee who was in a position tomake technique in their measurements. The 
measurements would undertake the circuits used were different as were the - 


* The presentation of this paper at the annual meeting treatments of the samples aed to test. 
= ifnsored by Committee D-9 on Electrical Insulat- ‘To eliminate the possibility of variation 
Research and Engineering Department, RCAManu- of samples, it was decided that the same 
turing Co., Inc., Harrison, N. J. i 

For a more detailed discussion see J.T. Littleton and samples should be tested by all in a 


G.W. Morey, “Electrical Properties of Glasses,” p. 122 , 
John Wiley and Sons, Inc., New York, N.Y “round-robin” manner. Since each 
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laboratory had experience in the use of basis for explaining the effect. We ) 
its particular methods it was decided planned a study of the results of the It 
that each should use the ones ordinarily larger group cooperating in this test to 
employed. This was to apply to test see whether the discrepancies might be 
circuits, sample handling, electrode ap- attributed to: 
plication, etc. Two exceptions to this (a) True dielectric properties of the 
were made: one consisted in the applica- glass. 
tion of permanent electrodes to one (6) Phenomena connected with the 
group of the samples, and the other was measuring apparatus. 
the use of a sample for test circuit check (c) The nature of the contact between 
to be circulated with the regular samples. the electrode and dielectric, 
The permanent electrodes were sug- | Corni 
gested because some tests had indicated PROCEDURE Th 
that the method of applying the elec- 
trodes and particularly the nature of the 
adhesive used was the cause of variation 
in results. It was felt that the contact 
obtained with a metal film deposited at 
elevated temperatures provided more 
intimate contact and that this method 


: be preferable. After all of the 


proce 
vidué 
own 

entir 
featu 
ever, 
repor 
weig] 


€ 


For use in the round-robin measure- — 
ments five commercial glasses were —_ 
selected with electrical properties repre- 
sentative of the range of values likely to 
be encountered in practice including Ose. 
high-loss glasses not primarily intended vA 
for electrical purposes, as well as very 
low-loss glasses developed for electrical 
and radio service. Each type of glass 
was given ordinary production annealing 
in accordance with the Corning schedule 
appropriate to the glass type. Sixty 
samples were prepared from these five 
representative glasses in the form of 
approximately § by 6-in. disks and } by 
2-in. disks. asan 
prepared at Corning. In addition a ox Gm. samples oa each of the Se used 
special “sandwich sample” was made different glasses were included of which 5C. 
with heavy platinum electrodes sealed three had fired-on silver electrodes; the corret 
into the glass under vacuum to exclude rest were blank for whatever type of J conde 
bubbles. The “sandwich” was com-_ electrodes the different laboratories pre- mere] 
pletely embedded in a glass block. It ferred to use. A set of six 4 by 2m rathe: 
was further improved at the Bell Labora- disks were included for such of the is int 
tories by sealing glass tubes over the laboratories as were equipped to make fall vw 
platinum lead-in wires to eliminate sur- measurements at the very high fre data. 


data were gathered, we planned to choose 
the methods giving most reliable results 
consistent with ease of manipulation and 
simplicity of equipment. The results of 
the findings were to be presented to 
Committee D-9 and to the Society for 
inclusion in the Society’s standards. 
Standard disk-type samples of glass 
with known histories were, therefore, 


Fic. 


mirro 


face leakage. quencies. Each sample was marked Bell 
The power factor versus frequency with a diamond for identification in 7 
h 


curves obtained by several observers 
; accordance with the following code: 
were found to have a relatively flat mega, 


portion at the lower frequencies and then Composition 6-in. Disks 2-in. Disks ureme 
Jow-alkali borosilicate for high- te 
to bend upwards at the high frequency frequency electrical service...ArtoAs Ar tole shield 


end. This effect appeared at different Bs to Ba bridg 


frequencies in the several laboratories. High lead glass. toCe requit 
Ordinary lead glass............ Dz to Dr 
Further there seemed to be no theoretical Lime glass..................-.. E; to Ex Dey 


| 


SUMMARY OF TEST PROCEDURES 


It is impractical to include all of the 
procedure details reported by the indi- 
vidual laboratories. Each employed its 
own variations of similar methods or 
entirely different ones. The pertinent 
features of each will be outlined, how- 
ever, so that the conclusions in this 
report as to their relative merits may be 
weighed. 


Corning Glass Works: 


The measurements were made by a 
resonance substitution method using a 
sensitive vacuum tube voltmeter with a 


Fic. 1. 


Triple Shielded Bridge. 
not shown. 


Shielding 

mirror galvanometer in the plate circuit 
asa resonance indicator. ‘The frequency 
used was 760 kc. and the temperature 
IC. Readings were made without 
orrecting for losses in the standard 
condenser, since their purpose was 
merely to check the range of power factor 
rather than secure absolute values. It 
is interesting to note that the readings 
fall within the spread of the composite 


data. 


The frequency range of 70 cycles to 5 
megacycles was covered in these meas- 
uwements. Two separate completely 
shielded capacitance and conductance 
bridges (parallel resistance type) were 
fequired to cover this range: one from 
10 cycles to 100 kc. and another of special 


Bell Telephone Laboratories, Inc. 


i Romanos ON PoWER FACTOR AND DIELECTRIC CONSTANT 


1185 


high-frequency design from 100 kc. to 5 
megacycles. 

A schematic diagram of the low- 
frequency range bridge minus shielding 
is shown in Fig. 1. The high-frequency 
bridge was much the same except for a 
balanced lead switching arrangement 
using a miniature double-pole, double- 
throw mercury switch and an external 
shielded precision air capacitor from 
which the capacitance of the sample was 
obtained. Two bridge balances were 
required by both bridges for each 
measurement. The capacitance of the 
sample first was connected across the 
CD arm and then transferred by means 
of a switch to the AD arm of the bridge 
as shown in Fig. 1, direct capacitance® 
and conductance values thus being 
obtained. 

The test frequencies were furnished by 
suitable vacuum tube oscillators. Vac- 
uum tube detector amplifiers were used 
for the various frequency ranges. Bridge 
balances were indicated visually by 
means of a meter at the lowest and high- 
est frequencies, afd audibly by means of 
a telephone receiver through the audio 
frequency up to 100 kc., a heterodyne 
circuit, of course, being necessary above 
the audio range. 

Guarded electrodes were used on both 
the regular and fired-on silver electrode 
samples. In the first case the electrodes 
and guard rings were tinfoil held in place 
by a small quantity of petrolatum. In 
the second case tinfoil guard rings were 
applied with petrolatum to the space 
outside the fired-on electrode. The use 
of guard rings eliminated fringing; there- 
fore, corrections for edge effects in the 
calculation of dielectric constant were 
unnecessary. 


RCA Manufacturing Co., Inc.: 


The frequency range of from 0.3 to 17 
megacycles was covered by the substitu- 


A. Campbell, “Direct Capacity Measurements,” 
Bell he Technical Journal, July, 1922, pp. 18-38. 
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tion method. The circuit recommended 
in the Tentative Methods of Test for 
Power Factor and Dielectric Constant of 
Electrical Insulating Materials (D 150 — 
36 T)* was followed except that the 
known resistance was placed in series 
with the standard condenser and the 
switching was arranged to include either 
the sample or the standard condenser and 
resistor rather than the parallel combina- 
tion. The vacuum voltmeter 
method of indication was employed. 
For frequencies above 1 megacycle the 
resistors consisted of short straight sec- 
tions of resistance wire. For lower 
frequencies a good-grade decade resis- 
tance box was employed. All tests were 


made at room temperature. a 


The frequency range from 1 to 10 kc. 
was covered on a series resistance and 
capacitance bridge. The bridge was 
first checked with a fused quartz sample 
of known power factor. Clear fused 
quartz has been found useful for check- 
ing any type of measuring circuit since 
the power factor is constant over the 1 
to 3000 megacycle frequency range. On 
a sample having a known value of 
0.00022 the accuracy obtainable is 
+0.00005. 

The bridge was balanced with the 
sample out. The sample was then con- 
nected across the standard and the 
bridge rebalanced. Power factor was 
‘alculated from the readings obtained. 
Edge corrections for dielectric constant 
were obtained from measurements made 
on the bridge with and without guard 
rings applied to the sample. Edge cor- 
rections obtained on the bridge in this 
manner were applied to calculations for 
the higher frequencies also. 

The frequency range from 100 to 1000 


General Electric Co.: 


4Tentative Methods of Testing Electrical Insulating 
Materials for Power Factor and Dielectric Constant 
(D 150-36 T), Proceedings . Soc. Testing Mats., 
Vol. 36, Part I, p. 955 (1936); also 1938 Book of A.S.T.M. 
Tentative Standards, p. 1071. 
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kc. was covered in a substitution circuit 
similar to that of Methods D 150 — 36 T 
except that the switch is arranged to 
connect either the sample or the standard 
across the circuit. A thermocouple and 
galvanometer were used for indicator. 

Tests were made at about 25C. and 
20 per cent relative humidity. 


Owens-Illinois Glass Co. 
versity: 


Purdue Uni- 


The frequency range from 1 to 1000 
kc. was covered on a bridge of the type 
shown in Fig. 2. Careful arrangement 
of parts and shielding were employed to 
maintain constant capacitance to ground. 


Sample 


Fic. 2.—Bridge 


The guard ring was connected as shown 
so its capacitance to ground would not 
shunt the standard. The sample is 
connected across the standard so at 
balance the change in capacitance with 
and without the sample represents the 
sample capacitance. The power factor 
at the low frequencies was determined 
from the change in resistance in the 
“balance” arm of the bridge: necessary 
to balance the bridge when the sample 
isadded. At 300 kc. this change became 
too small to be measured accurately so 
the condenser PF was used. It was 
calibrated directly in terms of the power 
factor of the standard arm. 

Edge corrections were taken from 
AS.T.M. Methods 150-367 
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Measurements were made at 27.5C. 
Humidity was lowered for the low- 
frequency tests only. 


Westinghouse Electric and Manufacturing 
Co.: 


The low-frequency measurements cov- 
ering a range from 60 to 20,000 cycles 
were made on a capacitance bridge. 
Sufficient accuracy could not be obtained 
with direct-reading methods so a substi- 
tution method was applied to the bridge. 

The measurements up to a million 
cycles were made in an ordinary resonant 
circuit, A.S.T.M. Methods D 150 
36 T,* by the substitution method. 


THE COMPOSITE CURVES 


Graphical presentation of data was 
followed throughout the tests. As data 
were accumulated, meetings were held to 
discuss the progress and the plans for 
obtaining the best results from the tests 
still to be made. 

Space is not available to show all of 
the curves. Some conclusions drawn 
from study of the curves are given and 
representative curves illustrating these 
points are presented (Figs. 3 to 11). 

All values have been corrected for edge 
effect, except where specifically noted 
and in the case of the “‘sealed-in” sample 
where no corrections are possible. 

Data taken on the samples having 
silver electrodes were plotted separately 
from those taken with foil electrodes so 
that comparisons could be made. 


Dielectric-Constant Curves: 


On these curves the depressed-zero 
method of increasing spread is used. 
The glasses vary in dielectric constant 
from about 3.9 for type A to around 8.7 
fortypeC. No general trend as denoted 
by the spread may be seen between glass 
types at low frequencies. It is noted, 
however, that the readings as taken on 

*A.H. Scott and H. L. Curtis, “Edge Correction in the 


Determination of Dielectric Constant,”’ Journal of Re- 
search, Nat. Bureau Standards, Vol. 22, June, 1939, p. 747. 
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the bridges appear to agree better at low 
frequencies than at high frequencies. 
Furthermore, the readings as taken by 


the substitution method at higher fre- _ 


quencies have still zreater spread. 

Figure 3 illustrates the spread on the 
type A low-loss glass. Figure 4 shows 
the same glass when silver electrodes are 
used. The spread is seen to be nearly 
the same and the values also agree well. 
Therefore, we deduce that either silver 
or foil electrodes are equally suitable. 

Figure 5 shows data on the high-loss 
type E glass. The fall from 8.2 to about 
7.2 is interesting. These readings were 
taken on the same equipment as used for 
those of Figs. 3 and 4 so it is reasonable 
to attribute the difference to the material 
rather than to the methods of measure- 
ment. 

Any increase of capacitance with fre- 
quency: for any glass should be regarded 
as indicating too great inductance in the 
leads to the test condenser. 
substitution method is used in which the 
standard and test condensers are alter- 
nately switched into the circuit, the 


equality of inductance in the respective — 


lead wires should be tested by measuring 
the capacitance of a sample known not 
to change with frequency.’ For the 
substitution method in which the test 
condenser is added in parallel with the 
standard condenser, the inductance of 
the leads to the test condenser should be 
accurately determined by measuring a 


condenser which can be connected alter- — 


nately at the ends of the leads and at the 


When the | 


terminals of the standard condenser. _ 


This value of inductance is then 
used to correct the observed values of 
capacitance. 

Power Factor Curves: 


Figure 6 shows the composite curve 
for foil electrodes on type A glass. 


6 J. G. Miller, ‘A Method for Calculating the Effect of 
Residual Inductance in High Frequency Measurements,” 
Journal, Am. Chemical Soc., Vol. 60, p. 42, January, 1938. 
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spread of these curves is large. Com- 
paring these data with those of Fig. 7 it 
is seen that while the spread is not as 
large when silver electrodes are used the 
curves appear to group near higher 
yalues than when foil is used. It had 
been noted that the coverage of silver 
was not entirely complete so the higher 
losses with silver may have been due to 
increased resistance of the electrode. 

The increase in power factor at high 
frequencies is almost certainly due in 
part to resistance in the leads to the test 
condenser. When the standard and test 
condensers are alternately switched into 
the circuit, the test for equality of lead 
inductance is usually also adequate for 
equality of lead resistance, provided the 
pairs of leads are identical. When the 
test condenser is added in parallel with 
the standard condenser, the measure- 
ment of lead inductance also allows the 
determination of lead resistance. For 
both of these methods series resistance 
in the standard condenser will cause the 
value obtained for power factor to be 
low.? 

Some laboratories in cooperation with 
Section G on Measurement of Power 
Factor at Ultra High Frequencies of 
Subcommittee VII on Electrical Tests of 
Committee D-9 are working on an ultra 
high frequency power factor method in 
which it is hoped the errors of lead 
inductance, etc., may be eliminated.’ 
This work is progressing satisfactorily 
and it is expected that a new test method 
for frequencies up to 100 megacycles will 
be available shortly for inclusion in 
AS.T.M. Method D 150. 

The tendency of the power factor 
curves to rise at the high frequency end 


'R. F. Field and D. B. Sinclair, ““A Method for Deter- 
mining the Residual Inductance and Resistance of a 
Variable Air Condenser at Radio Frequencies,” Proceed- 
ings, Inst. Radio Engrs., Vol. 24, February, 1936, p. 255. 
Ms I Hartshorn and W. H. Ward, “The Measurement of 

¢ Permittivity and Power Factor of Dielectrics at Fre- 
Guencies from 104 to 108 cycles per second,’’ Proceedings, 
Wireless Section, Inst. Radio Engrs. (London), Vol. 12, 
March, 1937, p. 6. 
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is less as the losses of the glass increase. 
This is shown in Fig. 11 which is the 
composite curve for the high-loss type E 
glass. Where the losses are as high as 
these the errors appear small. 


THe “SEALED-IN” CELL 


Power factor and dielectric constant 
data on the “‘sealed-in” cell were less 
consistent than data taken on glass in 
the usual manner. It was hoped that a 
suitable “‘sample’’ of this sort could be 
found for use in checking between 
laboratories. These data indicate that 
this particular construction is not re- 
liable although some form of check 
sample would be a very useful tool. _ 


DISCUSSION OF TESTS 
STS 


A pplication of Electrodes: 


Laboratories testing all of the samples 
of any one glass reported that the uni- 
formity of the samples for each grade of 
glass was enough better than the errors 
of measurement so that lack of uni- 
formity of the samples could be dismissed 
as a source of disagreement. 

Foil electrodes were considered practi- 
cal both for the ease of handling and the 
accuracy of the results. The foil elec- 
trodes are used with petrolatum as the 
adhesive. It is necessary to guard 
against contamination of the petrolatum. 
Moisture in the petrolatum has been 
found to influence low-frequency meas- 
urements. Of course, a minimum of 
the adhesive is essential and sufficient 
pressure and rubbing to force the foil 
into very intimate contact with the glass 
surface is found desirable. During the 
application of the electrodes care should 
be taken to minimize contamination of 
the surface not covered with foil so as 
not to nullify the results of the careful 
cleaning prior to this operation. The 
effects of leakage around the edge are 
most noticeable at low frequencies. — 


1, 
| 
| 
| 
| 
: 


4 The Test Circuit: 


The most common source of error at 


radio frequencies is usually traceable to 


because it is often easier 


inductance or capacitance inherent in a 
system where several components are 
connected to form the test circuit. 
Accurate results can hardly be expected 
unless these sources of error are made 
negligible or their presence accounted for 
in the final calculations. For example, 
the method of switching either the sam- 
ple or the standard into the substitution 
circuit has been recommended purely 
to make the 


_ leads symmetrical, and hence, have the 


errors cancel when this method is used. 


_ The errors due to losses in the standard 
are present when this method is used 


however. 
a 
the circuit, 


When the standard is left in 

its dielectric losses do not 
enter into the calculations and only the 
_ losses caused by series resistance need 
be allowed for. In the latter case, how- 
ever, it is physically impossible to 
connect the sample across the conven- 


tional multiple plate condenser without 
using some form of leads. 


The errors 


_ these introduce, particularly at frequen- 


cies above 1 megacycle, 


may not be 
neglected where accuracy is required. 


RECOMMENDATIONS 


Some of the recommendations drawn 
which have been submitted to the 
Society for their use in preparing stand- 


_ ards are as follows: 


METHODS FOR MEASURING DIELECTRIC 
CONSTANT AND POWER Factor OF GLASS 


Preparation of Samples: 


Cleaning.—Use mild soap and water, rinse 
with tap or distilled water. 

Drying.—Drain to remove visible mois- 
ture, then store in desiccator until ready for 
measurement (not less than 15 min.). 

Caution: Do not touch with hands after 


cleaning. 


Application of Electrodes: 


In general, methods covered by D 150- 
36 T* are suitable. Care should be €xer. 
cised to keep samples clean during applica- 
tion of electrodes. 


Measurements: 

In general, methods covered by D 150- 
36 T* are suitable. The following minor 
modifications are suggested as being desir- 
able in the case of glass. 

The bridge method is recommended for 
frequencies from 60 cycles to about 100 ke. 

The substitution method is_recom- 
mended for frequencies from about 106 ke. 
to about 1 megacycle.. 

3. If the substitution method is used 
above about 1 megacycle, greater care must 
be exercised to avoid difficulties from lead 
inductances and stray capacitances. 

4. It is recommended that the circuit 
shown in D 150 36'T* be modified so as to 
permit the operator to switch from the 
sample to the standard rather than to con- 
nect the sample across the standard. 


While the skeleton specification sum- 
marizes the agreements reached at the 
meeting, additional points raised during 
the discussion may be of interest. 


A pplication of Electrodes: 


It was agreed that foil electrodes are 
satisfactory but that for best results the 
petrolatum should be in good condition, 
particularly as regards freedom from 
excessive moisture content. Consider- 
able pressure should be applied to the 
foil electrodes to insure a smooth applica- 
tion and to reduce the thickness of 
petrolatum to a minimum. 

The results obtained with these meas- 
urements in common with so many 
others is usually in proportion to the care 
exercised. For example, the frequency 
range limits given for bridge measure: 
ments are by no means absolute. Like- 
wise, the doubts entertained as to the 
accuracy of the substitution method 
above 10 megacycles are lessened as the 
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knowledge and skill of the operator 
increases. 

J. T. Littleton, of the Corning Glass 
Works, as Chairman of Section B of 
Subcommittee V of Committee D-9 is 
largely responsible for organizing the 
work of this group and keeping it mov- 
ing. R. C. Dehmel of the Bell Tele- 
phone Laboratories is responsible for 
preparation of the composite curves and 
accumulating the data turned in by the 
cooperating laboratories. Data were 
taken by the following men: 

E. M. Guyer of Corning Glass Works 

R. C. Dehmel of Bell Telephone 

Laboratories 


L. E. Herborn of Bell Telephone — 
Laboratories 

R. N. Bushman of General Electric 
Co. 

G. K. Miller of Purdue University 

L. J. Berberich of Westinghouse ~ 
Electric and Manufacturing Co. 

P. A. Richards of RCA Manufac- | 

turing Co., Inc. 

In addition, valuable material has 
been added by Miss Louise M. Mc- 
Dowell of Wellesley College, R. F. Field 
of General Radio Co., J. W. Kennard, — 
J. G. Chaffee, and K. G. Coutlee of Bell — 
Telephone Laboratories, and H. R. 
Meahl of General Electric Co. 
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TESTS OF GLUED LAMINATED WOOD BEAMS IMPREGNATED WITH 
CREOSOTE 
By A. OLIvER! 


SYNOPSIS 


The purpose of this paper is to report upon a series of tests of small glued 
and creosote treated laminated wood beams. ‘The size of the specimens was 
that recommended by the Society for small clear specimens to be tested in cross 
bending—2 by 2 in. in cross-section on a 28-in. span loaded at mid-span. Con- 


trol beams of the same size were also tested. 


For each treated specimen there 


was a corresponding plain solid beam and a glued laminated untreated one. 
In order to study the effect of the aging of the glue and of the seasoning of 

the wood, the tests were carried out at intervals over a period of a year. Data 

on moisture determinations made at the time of the tests and material on 


density are also included in the report. 


The effect of moisture content and 


seasoning upon the strengths obtained are discussed. 

The results obtained in these tests indicate that given a proper period of 
seasoning the same strengths may be expected from glued and creosote treated 
beams as are expected from plain solid beams or glued untreated ones. 


Glued timber construction has become 
well established both in the United States 
and abroad and it can be considered as 
one of our standard methods of construc- 
tion. However, while laminated glued 
timber structural units are common 
enough, these same units impregnated 
with a preservative material have not 
been used and as far as the author has 
been able to ascertain very little is known 
regarding the effect of preservatives upon 
the properties of the glue. This paper 
reports upon a series of tests made to in- 
vestigate the strength of glued laminated 
wood beams treated with creosote. 


Test SPECIMENS 


The test specimens were small beams 
2 by 2 in. in cross-section and they were 
tested on a span of 28 in. with a single 


1 Assistant Professor of Civil Engineering, University 
of Illinois, Urbana, Ill. 
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load applied at the center line of the 
beam. It will be noted that this is the 
size of the A.S.T.M. standard wood beam 
specified in A.S.T.M. Standard Methods 
of Testing Small Clear Specimens of 
Timber (D 143 — 27).?_ As nearly as was 
practicable the other requirements of 
that standard were also complied with in 
order to be able to compare the strengths 
obtained with similar average strengths 
which have been reported by the Forest 
Products Laboratory at Madison, Wis 
The testing apparatus which is a modifi- 
cation of the A.S.T.M. standard? is 
shown in Fig. 1. 

Twelve specimen groups have been 
tested with three beams in each group. 
Each group of three beams was made up 
and marked as follows: (a) a solid plain 
beam 2 by 2 in. in cross-section, un- 


2 1939 Book of A.S.T.M. Standards, Part I, p. 513. 
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treated; (6) a glued untreated beam made 
of four 3} by 2-in. laminations; and (c) a 
glued treated beam made of four } by 
2-in. laminations. The two untreated 
beams of the group were to act as control 
specimens for the treated one. The 
beams were tested with the 2-in. dimen- 
sion of the laminations horizontal. The 
specimens were made of Douglas fir of a 
structural grade. 

The beams in each group were cut 
from the same part of the original stick 
in order to eliminate as much as possible 


the treatment being by the Rueping or 
empty cell process with a retention of 

8.33 lb. of creosote per cubic foot of ma- — 
terial. Cross-sections cut through the 
treated specimens showed that the creo- 


sote had penetrated throughout the 
material. 


TESTING PROCEDURE 
The specimens were tested, three 
groups at a time over a period of approxi- 
mately a year so that some information 
might be obtained regarding the time 


Testing Apparatus. 


the effect of annual growth upon varia- 
tion in strength. In gluing the lamina- 
tions together, the pieces were brushed 
clean and the glue was applied on one side 
only with an ordinary paint brush. Be- 
cause of the danger of crushing the small 
pieces, the pressure applied in gluing the 
specimens was less than that used in glu- 
ing full size structural members. A 
standard casein glue was used. 

The treated beams were impregnated 
with a No. 1, A.W.P.A. creosote after 
the laminations had been glued together, 


effect of the creosote upon the strength 
of the glue. The actual age at the time 
of testing each series of groups of three 
was as follows: groups 1, 2, and 3, 16 
days; groups 4, 5 and 6, 184 days; groups 
7, 8, and 9, 247 days; and groups 10, 11, 
and 12, 394 days. 

On the day of testing, moisture con- 
tent determinations were made on each 
plain and untreated beam. Two mois- 
ture specimens were cut from each beam 
subsequent to testing. The determina- 
tions were made in an electric oven. 
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The average moisture content obtained 
for each beam, based on oven-dry weight, 
is shown in Table I where the measured 
depths and widths of the specimens are 
also shown. 


TABLE I.—SIZE AND MOISTURE CONTENT. 


Average 
Specimen | Depth, in. | Width, in. | Moisture, 
— | per cent 


Testep Aprit 15, 1939. AGE 16 DAYS 
11.2 


nee 
os 
ue 


S82 &S 


Sss 888 sss 


Testep SEPTEMBER 30, 1939. Ace 184 DAYS 


10.9 
13.7 


10.8 
12.3 


Testep DeceMBER 2, 1939. AGE 247 DAYS 


i. 
1. | 
1. 


1. 
i. 
2. 


Testep AprRiL 27, 1940. 


* (a) = Plain beam; (b) = glued, untreated beam; (c) = 
glued, treated beam. 

In testing the beams, a deflection read- 
ing was taken on an Ames dial (see 
Fig. 1) at zero load and at 100-lb. incre- 
ments up to the point where failure was 
apparently imminent, at which time the 
dial was removed. The ultimate load 
from which the modulus of rupture was 


obtained was also observed. The load 
was applied through the moving head of 
a 30,000-lb. Riehle testing machine. 


DISCUSSION OF RESULTS 


The data obtained from the bending 
tests are shown plotted on Figs. 2 to 12, 


TABLE II.—MECHANICAL PROPERTIES. 


Stress at 

s Modulus | Modulus of 

Specimen Propor- | of Rupture,| Elastici 

sticity, 
Group tional Limit, psi. 


psi. 


TesTeED AprRIL 15, 1939. AGE 16 Days 


TESTED SEPTEMBER 30, 1939. AcE 


13 500 
15 100 
13 700 


13 700 
13 600 
9 600 


TestED DECEMBER 2, 1939. AGE 247 DAys 


9 160 

9 700 
8 840 
9 600 
10 220 
11 150 
7 980 


7 200 
6 800 


TESTED APRIL 27, 1940. AcE 394 DAYS 


inclusive. Each figure represents 4 
single specimen group. Extreme fiber 
stresses computed by means of the beam 
formula have been plotted against total 
deflection. The proportional limit point 


and sketches showing type of beam 
failure are also shown on these figures. 
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Type Failure 


| 
1 (a).... 
2.00 11.2 8 300 13 600 2 076 000 
14.4 6 400 12 000 2 013 000 
y 6 200 10 200 1 944 000 
11.8 7 400 12 200 2 019 000 
14.5 6 600 12 300 1 882 000 
6 900 10 800 2 189 000 
: es ee 8 000 12 200 1 927 000 
11 300 1 740 000 
— RS 9 000 1 941 000 
4 (a 1 584 000 
1.97 1.97 
6 (a)..........| 9350 2 189 000 
(b 8 530 2.074 000 
ee (c ) 100 1 858 000 
7 (a) 9.5 
9.5 
7 (a)... 13 700 
ee 1.97 8.8 (b) 14 500 
1.97 1.94 9.4 11 100 
15 800 
98 2.02 9.3 15 600 
99 1.99 8.8 15 200 
2.02 
Se 1.95 1.97 7.5 
| 1.97 2.01 
= 97 | 46.000 2.094 000 
1.97 1.99 8.2 60 6 
oo 1.95 1.97 7.9 ews 15 500 2 487 000 
tc il (0). 13 420 | 15 400 2 139 00 
1.97 2.00 0100 | #1 
1.92 1.94 9530 | 16800 2 627 000 
tc 3.08 12 (a)..........| 9.660 17 500 2 006 000 
| 9 850 16 900 2 535 000 
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The mechanical properties obtained from 
the data have been tabulated in Table IT. 
It should be noted here that a blunder 
was made in testing beam 5(c) which 
made the results of that test worthless. 
Consequently none of the data from the 
group 5 specimens are included. 
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tained in an oven-dry condition. The 
material of these three specimens was 
typical of the material used throughout. 
Cross-sections of the glued and treated 
laminated beams are shown in Fig. 13 
from which an approximate visual deter- 
mination of density may be made. The 


© /2-a Plain 


Untreated 
0 /2-c Glued 
Treated 


4 /2-b Glued, 


Type Failure 


*~Tension 
B 


Tension’ 


,Compression 
B 
“Tension 


Qa 

+ 
x 

lu 


0.10 


0.20 0.30 


0.10 0.20. 
0.20 


0.30 
0.30 0.40 


0.40 
0.5 


0.50 
.40 0 


Total Deflection, in. 


Fic. 12. 

While the fact that the specimens were 
made of Douglas fir of a structural grade 
classifies them to a certain extent as far 
as density is concerned, specific gravity 
tests of specimens cut from beams 1(a), 
2(a), and 3(a) were made giving values 
of 0.53, 0.52, and 0.49, respectively. 
These values of specific gravity were ob- 


darker material in the annual ring is the 
summer wood. It should be remem- 
bered that the beams were 2 by 2 in. 
in cross-section. 

The variation of moisture content with 
age of specimen is plotted on Fig. 14. 
As stated above the average values of the 
moisture content of each beam are given 


Specimen Group 12. 
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in Table I. The curves of Fig. 14 repre- 
sent the average of each group at the 
time of testing. These graphs show a 
decrease of moisture content with age 
for all specimens. It will be noted that 
the moisture content of the glued un- 
treated beams was considerably higher 
than that of the plain beams in the first 


ioc 


appearance of being thoroughly soaked. 
At the time of testing the first groups 
age 16 days—the creosote treated speci- 
mens were bleeding so freely that they 
were difficult to handle. During the 
later tests, however, observation showed 
that they had, also, become thoroughly 
seasoned. 


13.—Cross-Sections of Glued Treated Beams. 


two series of tests. This would be due 
to the moisture imparted by the glue. 
As time elapsed and the glued material 
had the opportunity to season, the mois- 
ture contents again became equal or 
nearly so. 

While no moisture content could be 
obtained quantitatively from the glued 
treated beams it was observed at the 
time of testing the first groups that due 
both to the gluing and to the subsequent 
creosote treatment these beams had the 


The variations of the proportional 
limits with age are shown in Fig. 15. 
The values of the proportional limits 
were obtained from the stress-deflection 
curves of Figs. 2 to 12 and are shown in 
Table Il. The proportional limit was 
determined as the point where it was 
estimated that the stress-deflection curve 
departed from the tangent. 

Two things will be observed from the 
graphs of Fig. 15. First, the value of 
the proportional limit tends to increase 
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with age for all specimens and second, individual beams have been plotted so 
the proportional limits of the glued un- as to show the variation from the mean. 
treated and the glued treated specimens, This increase of the proportional limit 
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Fic. 16.—Age-Modulus of Rupture Curves. 
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Fic. 17.—Age-Modulus of Elasticity Curves. 


while in general lower in the early tests, with age is due primarily to the effect of 
became equal or greater in value than _ seasoning. 

those of the plain beams in the later The values of the modulus of rupture 
tests. The curves are drawn for the and the modulus of elasticity obtained 
average of the tests of a given age. from the tests are shown in Table II. 
However, the values obtained for the The modulus of rupture - age and the 
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modulus of elasticity - age variations are 
shown in Figs. 16 and 17, respectively. 
Here again, in the case of both of these 
properties, as with the proportional 
limit, the values tend to increase with 
age. And here again, also, while there 
was quite a wide range of values obtained 
for a given age group, due no doubt to 
errors in testing as well as to neglected 
variables in the material itself, the very 
distinct tendency toward increase in 
strength with age is due mainly to the 
seasoning of the specimens. In any case 
it is evident that after proper seasoning 
both the glued untreated and glued 
treated beams compare very favorably 
in strength with the plain ones. 

There is some evidence in the data ob- 
tained in these tests to indicate that the 
glued laminated beam is stiffer and 
stronger than a plain beam of the same 
dimensions. In a paper on “The Prop- 
erties of Built-Up Wooden Beams’” the 
author, Peter Landsem, makes the state- 
ment that the glued laminated beam by 
the proper choice of materials may be 
stiffer and stronger than an equivalent 
solid beam. Furthermore, the results of 
a series of tests on glued laminated wood 
arches carried out at the University of 
Illinois, showing that a properly glued 
joint is stronger than the surrounding 
material, lead to the same conclusion. 
As stated above the results of these beam 
tests are further evidence of the truth of 
this statement. 

In the table prepared by the Forest 
Products Laboratory giving “Strength 
Properties of Some Commercially Im- 
portant Woods Grown in the United 
States,” appearing on p. 50 of “Wood 
Handbook,” the mechanical properties of 
three species of Douglas fir are listed. 
The values there listed for the three 
strength properties which have been 

3 Group C—Organic Materials, Sub-Group 3, p. 486, 


London Congress, International Association for Testing 
Materials, April, 1937. 


determined in these tests are as follows 
for 12 per cent moisture content: propor- 
tional limit, 6300, 7400, and 8100 psi.; 
modulus of rupture, 9600, 11,300, and 
11,700 psi.; modulus of elasticity, 1,400,- 
000, 1,610,000, and 1,920,000 psi. A 
reference to Table II will show that the 
values obtained for these properties in 
the tests reported herein are in general 
within the range of the values established 
by the Forest Products Laboratory. A 
more accurate comparison could prob- 
ably be made by correcting the values 
shown in Table II to a 12 per cent mois- 
ture content. 

In the sketches showing the type of 
failure (see Figs. 2 to 12), any progression 
of failure which resulted in a break on 
the lower side of the beam under the 
load has been designated as a tension 
failure providing it was not preceded by 
a horizontal shear failure. The desig- 
nation, horizontal shear failure, carries 
the usual significance. The sketches 
show that twenty-eight specimens out of 
the eleven groups of three had a tension 
failure. In the case of specimens 4(c) 
and 6(c) this was followed by a shearing 
separation along a glued joint between 
laminations. 

Five specimens failed in horizontal 
shear. Specimens 6(b) and 11(c) failed 
in horizontal shear but the failure did not 
occur in a glued joint. Specimens 1 (c), 
2 (c), and 3(c), the glued treated beams of 
the first three groups tested (age 16 days), 
all failed in horizontal shear along a 
glued joint. This last statement might 
appear to be cf some significance with 
regard to the strength of the glued 
treated beams. However, it should be 
remembered that these beams when 
tested had the appearance of being very 
wet due to the glue and to the creosote, 
and in the later tests, when the material 
had had time to season and the glue had 
had time to set up, this horizontal shear 

_ type of failure no longer occurred. 
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This predominance of the tension type 
of failure indicates that the glued treated 
laminated beams behaved in a manner 
similar to both the plain beams and the 
glued untreated beams. Even where the 
beams failed in horizontal shear the 
strengths obtained do not compare un- 
favorably with the strengths of the other 


beams of the same age. _"- 


The results obtained in this series of 
tests show that for all practical purposes 
the glued and treated laminated beams, 
when properly seasoned, have the same 
strength as either the plain beams or the 
glued untreated laminated beams. A 
full-size glued laminated wood beam may 
be made up of a number of smaller pieces 
with a greater number of the natural 
defects eliminated than is possible with 
a solid beam of the same size. Conse- 


SUMMARY 


ow 
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quently, it seems logical to expect that 


the results obtained from full-size tests 
would be even more favorable towards 
the glued treated beams. 
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DISCUSSION 


Mr. L. J. Markwarot! (by letter).— 
Mr. Oliver’s study on treated glued 
laminated beams provides specific data 
in a field that has so far received but 
limited attention. 

Studies by Wilson? at the Forest 
Products Laboratory, have shown the 
advantages and possibilities of laminated 
construction, both for straight and 
curved members. Most practical of the 
glues for laminated construction has 
been casein, which has long working life 
and does not require heat. Hence, 


casein glue has been used for the lami- 
nated arches and beams in the many 
buildings employing laminated construc- 


tion that have already been erected. 
Since casein glued joints are water re- 
sistant but are not waterproof to the 
same degree as those with the newer 
synthetic resins, the applications have 
been limited largely to inside dry loca- 
tions. An entirely new field of use for 
laminated construction would be possible 
if and when technique is developed to 
permit the setting of synthetic resins in 
large structural members, and if lami- 
nated material can be treated with wood 
preservatives to afford decay resistance 
for use under exposed conditions. 
There are apparently but few data 
available on the effect of creosote on the 
strength of glue joints. Tests reported 
by Brouse* show that the shearing 
strength of the joints of thin plywood 


1 Chief, Division of Timber Mechanics, Forest Products 
Laboratory, Madison, Wis. 
2 T.R.C. Wilson,‘“The Glued Laminated Wooden Arch,” 
Technical Bulletin 691, U. S. Department of Agriculture, 
October, 1939. 
? Don Brouse, ‘Methods of Increasing Durability of 
ew’ Woodworking Industries, February, 1932, pp. 


panels made up with casein glues are not 
markedly affected by creosote impreg- 
nation subsequent to the gluing of the 
plywood. Indeed, under severe mois- 
ture exposure conditions, such treated 
panels gave much better performances 
than the untreated panels otherwise 
similarly constructed. This would indi- 
cate that casein glue and creosote are 
‘not incompatible, and that at least over 
short periods glued joints retain their 
integrity in the presence of creosote. 
In his study Mr. Oliver also used 
casein glue in the laminated beams that 
were subsequently treated and tested. 
In connection with the test results, it 
should be noted that the Standard 
A.S.T.M. static bending specimen‘ was 
used. These specimens have a 14:1 
span-depth ratio, and experience has 
shown that horizontal shear failures 
with normal wood of all species are very 
uncommon. The fact that 5 of the 33 
specimens failed first in horizontal shear 
must accordingly be regarded as indi- 
cating some significant weakening effect. 
This would suggest that certain factors 
in the glue, gluing operations, seasoning 
of the glued joints prior to treatment, or 
the impregnation process might be the 
predisposing cause of the shear failures 
reported. Considering these possibili- 
ties in the light of the fact that 3 of the 
5 horizontal shear failures occurred in 
the first three groups tested (age 16 
days) and that the horizontal shear fail- 
ures in the other two instances were in 
partially seasoned or seasoned speci 
4 Standard Methods of Testing Small Clear Specimens 


of Timber (D 143 - 27), 1939 Book of A.S.T.M. Standards 
Part II, p. 513. 
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Discussion ON LAMINATED Woop 


mens and did not occur along the glue 
line, the implication of a permanent 
weakening, possibly as a result of the 
temperatures and pressures employed in 
treating process, cannot be escaped. 
Whatever the cause, these shear failures, 
although associated with relatively high 
loads, have implications which should 
not be ignored. 

Extensive studies on the effect of 
treating methods on wood (not lami- 
nated) have shown that the size of the 
beam has an important influence on the 
internal stresses set up during the sea- 
soning process. In large beams, also, 
there is a greater tendency to check 
than in smaller ones, and with checks 
in beams there is a concentration of 
stress at the bottom of the check which 
often promotes failure. Mr. Oliver 
properly does not conclude that the re- 
sults of the study on the small treated 
laminated beams would be applicable to 
large size members. ‘The importance of 
avoiding such a conclusion cannot be 
emphasized too strongly because of the 
known inter-effect of size and treat- 
ment method on strength. 

The fact that the decrease in moisture 
content of the beams, rather than the 
increase in age, was primarily respon- 
sible for the increase in the mechanical 
properties as shown in Figs. 15, 16, and 
17 may perhaps have been underempha- 
sized. It is pointed out rightly that the 
tendency toward increase in strength 
with age is due mainly to the season- 
ing of the specimens. This should be 
kept in mind in connection with the 
analysis of Figs. 14 to 17, inclusive, for 
there is, of course, no reason to expect 
the large increase in properties with age 
which is shown if no moisture change 
occurred. 


Mr. Oliver effectively points out the 
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possibility of making up full-sized glued 
laminated wood beams from small, rela- 
tively clear pieces, thereby obtaining a 
large structural member free of natural 
defects and hence of higher strength 
than a solid wood member containing 
defects. It is interesting to point out 
also in this connection the possibility in 
a laminated beam or arch of using rela- 
tively clear wood for the outer highly 
stressed laminations, and lower grade 
material containing knots for the inner 
laminations. Wilson? has shown that 
up to 60 per cent of low-grade material 
can be used in the inner laminations 
without materially affecting the strength. 
It is interesting to note also that short 
lengths can be employed by the simple 
expedient of glued scarf joints, which are 
not difficult to fabricate in the shop. 

Mr. Oliver is to be complimented on 
his study in this field. It is hoped that 
this work can later be extended to include 
larger beams and variable span-depth 
ratios. Then looking forward to still 
greater utilization possibilities, the de- 
velopment of large, laminated, struc- 
tural units for exterior use, bonded with 
a waterproof synthetic resin glue instead 
of casein and treated with a wood pre- 
servative to provide decay resistance, 
would greatly widen the field of wood 
constructions for service under exposed 
conditions. 

Mr. A. OLIvER (author's 
closure by letter).,—The author wishes 
to express his appreciation to Mr. L. 
J. Markwardt for his very interesting 
discussion. He considers that the 
points which Mr. Markwardt has 
brought out and emphasized have 
added greatly to the value of the 


original paper. 


5 Assistant Professor of Civil Engineering, University 
of Illinois, Urbana, Ill. 
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THE EFFECT OF RATE OF LOADING ON TENSILE STRENGTH OF CORD 
AND YARN 


By M. Castricum! A. N. Benson! 
SYNOPSIS 
whe 
Test results obtained on an inclined plane cord testing machine, having a 
variable speed drive, have been analyzed to show that there is a linear relation 
between strength and the logarithm of the rate of loading. The equation 
obtained is also shown to apply to previously published data on rayon yarns. 
It is also shown that this equation may be used in the range of extremely low 
rates of loading and it has been applied to earlier data published on the 
strength of cotton ropes under sustained loads. 
The equation relating the rate of loading and strength contains an experi- The 
mental constant, K. A table is included giving the value of this constant for term 
a number of samples. met! 
It has long been recognized that the to the conclusion that there is a linear 
pendulum type of cord tester introduces — relation between strength and rate of 
an extraneous factor into test data, in loading. An examination of  experi- ” 
that the rate of loading is not constant. mental data obtained over a wide range _ 
Haven? proposed a new type of machine, indicates that the relation between , | 
the inclined plane serigraph, which would strength and rate of loading can be "0a 
give a uniform rate of loading. Hunter® better represented by a transcendental "ep 


showed that the rate of loading would 
still be a factor unless a standard rate, 
based on grams per denier per minute, 
were used. Tests reported by Scroggie 
and Castricum‘ verified the fact that 
results obtained on the inclined plane 
machine were influenced by rate of 
loading. 

In a study on the effect of rate of 
loading on rayon yarn, Bellinson® comes 

1Manager, Textile Division, and Physicist, respec- 
tively, Automotive Development Dept., U. S. Rubber Co., 
Detroit, Mich. 

2G. B. Haven, “‘A Constant Load Rate Testing Ma- 
chine for Textiles,” Proceedings, Am. Soc. Testing Mats., 
Vol. 23, Part II, p. 653 (1923). : 

2A. S. Hunter, “Importance of Uniformity in the Con- 
stant Rate of Loading with the Scott Inclined Plane Seri- 
graph,” Rayon Textile Monthly, November, 1936. 

4A.G. seed and M. Castricum, ‘‘Inclined Plane 
Tests on Cotton Yarn,” Rayon Textile Monthly, February, 


7. 
6H. R. Bellinson, “Viscose Rayon: Stress-Strain Prop- 
erties,” Textile Research, June, 1940, pp. 316-322. 


equation. 


APPARATUS 


There are two convenient methods for 
obtaining a variable rate of loading on 
the inclined plane machine: (1) the 
carriage may be constructed with vari- 
able weights, and (2) a variable speed 
driving motor may be used. ‘The latter 
method has the advantage of giving 4 
continuous range of values within the 
limits of the machine. This makes 
possible the testing of any size material 
at exactly a fixed number of grams per 
denier per minute. The first method 
has a disadvantage in that the carriage 
friction tends to change with the weight 
of the carriage. 
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RESULTS where S2 = strength at a rate of loading Ds 
Table I shows some results obtained of Rx g. per sec. 
in the U. S. Rubber Co. Laboratories on The same data were analyzed by the 
a 4/2 tire cord. Each value represents authors to give the following equation: 
the average of three 25 break tests. The S = 249 + 0.164 X 249 log R 
rate of loading is expressed in terms of 


Table II also shows how well the data 
agree with each equation. Some extra- 


; b db polated values are included. 
These results may be represented by In order to determine which equation c 


) grams per denier per minute. 
The same data are shown in Fig. 1. 


the following equation: fits the data best, the coefficients of 


S = KS, log R TABLE I.—RESULTS ON 4/2 TIRE CORD. 
Rate of Load- Logarithm of 
where S = strength at a rate of loading = a 

of R g. per denier per 
min., 1.74 0.240 16.12 

S; = strength at a rate of loading 348 0.342 16.63 
and 1.238 17132 

K = an experimental constant. 25.00 1.398 17.75 


. TABLE IJDATA ON 150 DENIER AMERICAN 
The regression equation has been de- 1 VISCOSE RAYON. 


termined from the above data by the ° 7 
Calculated 
method of least squares. Rate of Loading Saaet — 
= 15.81 + 1.44 log 
+ g.persec.| denier |Castricum Data, g. 


per min. Equation | 


K = 9.1 per cent a 
260 261.3 


4.06 | 1.62 258 | 261.3 
Table II shows some of the data reported 06 264 262.4 
by Bellinson on 150 denier American 3.26 270.2 
Viscose rayon. From an analysis of | | 
al these Bellinson obtained the follow- | | 
Se = 250.76 + 2.22 Rx ae : 
18.00 

for 

2 
-17.50 
the 
217.00 
eed 
ter 16.50 
09 
the 616.00 L 
kes 
rial 15.50 
hod Rate of Loading, g. per denier per min. 
- | O 02 04 06 08 10 12 14 16 18 
lage Logarithm of Rate of Loading,g. per denier per min. 


Fic. 1.—Tire Cord Strength versus Rate of Loading. 
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correlation, r?, between strength and R 
and then between strength and log R 
have been calculated. The following 
_ values were obtained: 


0.93 
0.89 


r? (strength and R) 
r? (strength and log R) 


( Ld =) 
= 
9102 


The fact that little difference is found 
between the coefficients of correlation 
indicates that within the range of these 
test results both equations fit the data 
equally well. 
The big difference between the two 
equations occurs when a wide range of 


TABLE III.—RESULTS ON 15-6 COTTON ROPE. 


Load, per 


cent of 
breaking 
Breaking Time, hr. strength 
Regular test—time not given................... 100 
47.. 69 
65 
3500 49 
rates of loading are considered. If the 


150 denier yarn is subjected to a sudden 
jerk (1000 g. per denier per min.) the one 
equation indicates it would have an 
apparent strength of 372 g. while the 
other equation says it would have a 
strength of 5800 g. On the other hand 
if the yarn is loaded so slowly that a day 
is required for the break (0.001 g. per 
denier per min.) then the one equation 
gives a strength of 126 g. while the other 
equation gives a strength of 251 g. 

At the one extreme—low rates of load- 
ing—there are some experimental data 
available in a paper by Lutts and Him- 
melfarb.6 In this paper it is shown that 
ropes loaded at less than their tested 
strength will nevertheless break after the 
elapse of sufficient time. The values 
given in Table III are taken from their 
results on 15-6 cotton rope. 

6 Carlton G. Lutts and David Himmelfarb, ‘““The Creep 


Phenomenon in Ropes and Cords,” Proceedings, Am. Soc. 
Testing Mats., Vol. 40, p. 1251 (1940). 


The data given in Tables I and II are 
based on an experimental procedure by 
which the time element becomes the 
independent variable and the breaking 
load the dependent variable, whereas 
the data given in Table III are based on 
a procedure whereby the load becomes 
the independent variable and the time 
element the dependent variable. 

The breaking strength value, indi- 
cated as 100 per cent in Table III, was 
obtained by a different procedure from 
that used for the balance of the tests, 
Moisture, length of samples, type of 
jaw, etc., may therefore have introduced 
some variation. The value of K (from 
the equation above) and also the correla- 
tion between log time and strength have 
been calculated from data obtained on 


two types of cotton rope. The following 
values were obtained: 
r K 
15-6 Cotton rope........... 0.964 74 
18-6 Cotton rope........... 0.968 6.9 


SUMMARY 


The strength of textile materials is 
effected by the rate of loading. The 
ralation between the two can be ex- 
pressed by a logarithmic equation in- 
volving one experimental constant. 
This constant K represents the percent- 
age increase in strength when the rate of 
loading is increased by a factor of ten. 
Table IV contains the values of K which 

TABLE IV.—VALUES OF K. 
K, per 
Material cent 
150 denier Am. Viscose 


Source of Data 


rayon Bellinson 
275 denier Cordura 

rayon U. S. Rubber Co. 
1100 denier Cordura 9.4 U. S. Rubber Co. 


12.9/4/2 American cot- 


ton cord » os U. S. Rubber Co. 
23/5/3 Sak cotton cord 9.4 U.S. Rubber Co. 
15 6 Cotton rope 7.4 + Lutts and Himmelfarb 
18-6 Cotton rope 6.9 Lutts and Himmelfarb 


have been calculated from the data 
available at the present time. The 
indications are that K varies somewhat 
with the size or strength of the sample 
under test. 
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A METHOD FOR THE TESTING OF ADHESIVE TAPE 
By C. Greer! anp W. Burton 


SYNOPSIS 


In order to determine the adhesion between the surfaces of two bodies one of 
which, at least, is thin and flexible, the simplest test is to measure the force 
in stripping one from the other. To attain accuracy, certain requirements : 
must be met. 

These requirements were examined in the laboratory of the senior author, : 
as an outcome of which an apparatus was designed and certain precise mani- 
pulative methods were developed. 

The specific materials tested under these procedures were cloth-backed : 
industrial tape and paper-backed masking tape. The adhesives were pressure- 
sensitive and contained rubber as the basic ingredient. ‘This paper also 
describes the methods of preparation and handling of test specimens to avoid 
personal errors. 

A new linear constant-speed rolling apparatus is described by means of which 7 
strips of tape may be applied to any desired relatively thin flat surface under 
conditions of uniformity of pressure and time. A new apparatus for stripping 7 
tests includes a mechanism by means of which the force of separation between _ 
the tape and the surface is autographically recorded upon a chart. 

Chart records show the effects upon adhesion between a standard masking 
tape and a standard lacquered metal strip of several variants as follows: 
Thickness of adhesive, variation of load during rolling, rolling by hand as 7 
compared with rolling by machine, and effect of load irregularities during 
rolling. 

The results indicate that dependable and reproducible data can be obtained. 


In the course of a study in the labora- rubber tape and are included here merely 
tory of the senior author, at Ithaca, for the sake of completeness. - 
N. Y., of pressure-sensitive adhesives, In our studies, the very irregular : 
the authors became convinced that none _ results which we found seemed to reside 
of the generally accepted methods for the partly in how the test specimens were’ 
testing of insulating tapes was accurate prepared and partly in the apparatus 
enough to be a reliable measure of the used. After a long examination into | 
quality of masking tapes. The ap- the requirements, it became clear that 
pended references are to those more accuracy could be obtained only by the — 
recently published articles which describe use of apparatus which was designed 
methods in current use for the testing of specifically for the purpose of these 
1 omer tests and by the application of precise 

rmerly Vice-President in Charge of Research and manipulative methods. 


tii oa B. F. Goodrich Co.; now engaged in private 
The purpose of this paper is to present — 


researc Ithaca, N.Y. 


* Consulting Chemist, Dover, Mass. 
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_a brief description of the apparatus and 
- the methods used, in the hope that it 


of testing of rubber insulating tapes. 


masking tape. 
rolls 1 in. wide and 50 ft. in length. 


ontaining 


may be of interest not only to those who 
test masking tape, but also in the field 


The specific materials tested under 
these procedures were cloth-backed in- 
dustrial adhesive tape and paper-backed 
They were received in 
The 
adhesives tested were pressure sensitive 
rubber as the basic 


; ingredient. 


a 


at 70+ 2F. 


The room in which the tests were per- 
formed was small and, by means of an 


air-conditioning unit designed for this 


room, the temperature was maintained 
throughout the 2 yr. of the 


1 study. The humidity was also controlled 
-at55 + 5 per cent. 


| 


MATERIALS USED 


For certain of the tests strips of sheet 
steel, 2 by 8 by 0.019 in., were used. 
Each metal strip was gaged with a 
micrometer in six places and any which 


varied more than 0.001 in. were rejected. 


They were then lacquered with Duco 


lacquer and polished by a professional 


finisher of automobile bodies. The lac- 
quered strips were cleaned by swabbing 
with 1-in. squares of surgical cotton 
dipped in chemically pure carbon tetra- 
chloride. The cotton was manipulated 
with forceps, so that at no time was it 
touched by hand. The metal strips at 
all times were handled by the edges. 
After cleaning, they were lightly brushed 
with a clean piece of bleached muslin to 
remove fibers left from the cotton. No 
cotton or muslin pieces were reused. 

To set up these metal strips for appli- 
cation of the tape, two of them, held by 
the edges, were placed on the ruled board 


of the tape cutter, Fig. 2, and marked 


with red pencil along one side of the 
strip at 1, 2, and 6 in. from the right hand 
end. ‘They were then set in position on 
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the surface plate, HW, of Fig. 1. At each 
end of these strips, fastened to the 
surface with tape, was a blank half strip 
of lacquered metal to maintain a con- 
stant level for the roller throughout its 
journey across the surface plate. The 
rolling machine was thus made ready for 
the tape. This machine is described 
later. 

To prepare the tape samples, a roll of 
tape was placed on the spool of the tape 
cutter, Fig. 2, so that the tape could be 
unrolled with the backing side down. 
Six feet of tape were cut from the roll 
and rejected. The balance of the roll 
was then ready for immediate use. 
Mounting blocks, shown in Figs. 2 and 
3 are provided to insure attachment of 
tabs without contamination of the tape 
samples. 

A paper tab, 1 by 73 in., provided with 
a strip of aluminum 1 by 3 in. pierced by 
a 7's-in. hole fastened at one end of the 
paper tab by means of a small piece of 
industrial tape, was set on the mounting 
block. A 13-in. strip of tape was cut 
from the roll, using the tape cutter, Fig. 
2, the tape being removed from the roll 
at the rate of 6 in. per sec. It is im- 
portant to observe this exact rate. The 
test piece of tape was picked up by the 
ends, turned adhesive side down, held 
free from any contacts until the 4 in. 
of tape at the right end of the strip were 
fastened to the paper tab. The speci- 
men with attached tab was removed to 
the surface plate and 1 in. at the left 
end of the tape was fastened to one of 
the blank metal strips, across the divi 
sion, and to the left end of the corte: 

sponding test metal strip. By means 0 
a hook and cord passed over a pulley, @ 

100-¢. weight was fastened to the tab 
at the right end of the tape, see Fig. j 
The samples were then ready for rolling 
into contact with the lacquered metal. 
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ROLLING MACHINE i 


It was found by long and careful 
experiment, that the measured adhesion 
shown by a given roll of tape varied 
greatly when the tape specimen was 
applied to the metal strip by other than 
precise methods. The purpose of the 
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roller with its frame and weights, and (3) 
the chain drive for the roller. The 
surface plate had the usual accuracy of 
flatness to be expected from such an 
article. This was tested by means of a 
spherometer, and the one used was found 
to conform to high accurate uniformity 


rolling machine was to roll down the 
tape samples upon the lacquered metal 
strips uniformly so that each tape sample 
was applied to its particular strip under 
exactly duplicated conditions as to time 
and pressure. 

The rolling machine consisted of three 
basic parts: (1) a surface plate, (2) the 


Fic. 2.—Tape Cutter and Blocks. 


of flatness of surface. The roller con- 
sisted of a steel cylinder 2 in. in diameter _ 
by 8 in. long, mounted in a frame upon 
which were two lead weights arranged 
to be moved by a motor and chain 
mechanism at a uniform rate of 4} in. 
per sec. to and fro across the 9 by 14-in. 
surface plate. The roller and lead 
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weights together gave a load of 8} Ib. 
per inch width of tape. The roller was 
turned, ground, and polished with an 
accuracy equal to that of the surface 
plate. It was then chromium plated and 
regaged. 

Reference to Fig. 1 will show the rela- 
tions of the several parts of the rolling 
machine. (A) is the main switch (ZH) 
the surface plate, and (/) the roller with 
frame and weights. It will be observed 
that two test specimens are rolled 
simultaneously, although one may be a 
dummy. This is necessary in the inter- 


‘ 


direction of motion of the roller. Be- 
cause uniformity of motion over the tape 
being rolled was found necessary due to 
the influence upon the adhesion of any 
dwell upon any given portion of the 
tape, a chain drive, D, for the roller 
mechanism was developed. £ shows the 
attachment of the connecting rod to the 
chain; B is a brake which is necessary 
to stop the roller at a specific place; C 
is the speed reducer for the motor. 

It is to be noted, from the arrangement 
of the test plates, tape weights, and 
pulleys, J and K, that the adhesive upon 


Fic. 3.—Roller Ready for Use. 


est of uniformity because no scheme of 
rolling a tape as narrow as 1 in. wide will 
give a uniform distribution of weight. 
Even with rolling two at once, a neces- 
sary feature of the mechanism is a two- 
directional joint G which permits the 
roller to move over irregularities in a 
direction perpendicular to the direction 
of travel of the roller and, also, in a 
direction at an angle to the plane of the 
surface plate. The necessity for this 
is that tape is highly accurate as to 
thickness. The parallel rods and carrier 
F insure exactness of the horizontal 


the tape at no time came in contact with 
the metal to which it was to be applied, 
until brought in contact with it by the 
motion of the roller. This is important. 
Figure 3 shows this condition more in 
detail. This shows the surface plate, 
roller, metal strips, and tape in position; 
also the blocks diagrammatically shown 
in Fig. 2 which are used to prevent 
contamination of the adhesive when 
applying the tape specimen to the tabs. 

Two 13-in. strips of tape are cut, 
mounted on the tabs, and fastened i 
the outer position on the rolling machine 


> 
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“ Fic. 5.—Full-Roll Test Adaptation to Scott 


Fic. 4.—Push-Pull Spring Balance. 
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in the manner already described. The 
two test pieces of tape, when ready to be 
rolled down on the lacquered metal 
strips, are set up as in Fig. 3. The 
roller passes lengthwise over the tape a 
total of six times, three times in one 
direction and three times in the opposite 
direction. By means of the brake B, 
Fig. 1, the roller can be stopped in posi- 
tion off the metal strips at the left. 

When the rolling is finished, the 
weights are unhooked from the tabs, and 
the tape and metal strips removed from 
the surface plate. The 3 in. of tape at 
the left which overlapped the blank 
metal strip is folded back and fastened 
to the underside of the lacquered metal 
strip. The strips are then set aside to 
stand for 15 min. before testing. 

Tue TrestinG MACHINE 

The stripping test machine is shown 
in Fig. 4. Essentially, the machine is 
an adaptation of a Scott yarn testing 
machine. Duplicate jaws were used so 
that two pieces of tape could be tested 
simultaneously. By means of reducing 
gears, the speed of the jaws is brought 
to 13 in. per min. The two jaws are 
attached on one threaded shaft driven 
by a reversible motor so that the jaws 
can be lowered during the test and 
raised to the original position after the 
test at the same rate (13 in. per min.). 

The autographic record is drawn on a 
chart fastened to the drum of a Phipps & 
Bird Kymograph, the drum of which 
revolves at the rate of 4 in. per min. 
_ The rate of rotation of the Kymograph 
is not pertinent, although the speed 
selected was that which would show a 
reasonable relation to the actual amount 
of tape stripped from the metal. In 
practical use, the speed might be greater 
or less at the desire of the operator. 
Thus, he could show upon a given chart 
fewer or more individual tests. 

In order to measure the adhesion it 
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was found, after much study, that a 
push-pull spring balance was the most 
accurate and most satisfactory means of 
applying the load. They were made by 
Chatillon to special design. A_ light- 
weight holding device was attached jn 
place of the usual pointer. This carried 
an arm of spring steel and a pen, light 
enough in weight so as to be well within 
the load tolerance of the spring balance, 
The spring balance was fixed upon a 
bracket and positioned such that the 
pull would be exactly vertical. Spring 
balances of the customary friction- 
bearing type were wholly unreliable. 
Therefore, the ones used were made with 
ball bearings at top and bottom and 
even these needed to be adjusted with 
extreme accuracy and the axis of the rod 
through the balance was made to pass 
through the exact center of each of the 
ball bearings. The balances were cali- 
brated frequently by dead weights. 
Typical calibration charts, taken both 
by addition and reduction of load, are 
shown in Fig. 6. 

The charts used for these tests were 6 
by 20-in. pieces of thin semitransparent 
paper on which horizontal lines cor- 
responded exactly with the scale mark- 
ings on the balance. For the 18-oz. 
balance the charf was ruled in ounces. 
For the 5-lb. and 10-lb. balances the 
chart was ruled in quarter and half 
pounds, respectively, the same chart 
having been used for either balance. 
Along the bottom of the charts were 
spaces for the usual records. 

The actual method for performance of 
the test is as follows: 

After the tape is rolled on the metal 
strip, it remains undisturbed for 15 min. 
+ 10sec. Then the tab of the test piece 
is doubled back over the tape, and the 
tape stripped by hand up to the first 
red mark 1 in. from the right end of the 
metal strip. The end of the metal strip 
thus uncovered is clamped in the jaw 0 
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the testing machine so that the strip is 
in a vertical position, the tab having been 
lined up directly in front of the tape. 
The hole in the upper end of the tab is 
slipped over a hook at the lower end of 
the spring balance. Every motion of 
the operator must be timed in order to 
duplicate the set-up for each test. 

The other test piece is set in position 
under the second spring balance. When 
the tape is stripped from the metal piece, 
the rough paper or cloth backing of the 
_ specimen which is still on the metal may 
_ rub against the back of the part already 
being pulled off. The friction thus in- 
duced may cause errors in the record. 
To avoid this, a piece of waxed paper 
_ 2 by 8 in. is placed between the tab and 
the tape. Thus, the rough back may 
rub against this waxed paper and ex- 
perience showed that the errors due to 
friction were eliminated. 

_ The chart is adjusted to zero, and the 
drum rotated to give a 3-in. zero line. 
The drum is stopped, and the jaw started 
downward. ‘The tape is allowed to strip 
up to the second red mark, 2 in. from the 
lower end of the lacquered metal strip. 
At this point the drum is started and an 
autographic curve of the force required 
to strip the tape from the lacquered 

metal is recorded. 
When the tape has stripped to the 
third red mark, 6 in. from the lower end 
of the metal strip, the drum is stopped. 
This gives a curve which corresponds to 
4 in. of stripping under uniform condi- 
tions. The jaw motion is reversed, the 
balance is allowed to return to zero, and 
~ a second 3 in. zero mark is recorded by 
running the drum for a short time. 
Thus, a record of accuracy of the spring 
balance and of the setting of the machine 
_is recorded for each test made. The 
strips are then removed from the 

machine. 

__ If reference is now made to any one 
of the records on Fig. 7, it will be seen 
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that the vertical line indicates the jn. 
crease of tension until the tape begins 
to strip from the lacquered metal. From 
then on, the line is irregular in a hori- 
zontal direction and shows the value of 
the adhesion between tape and lacquer, 

In performing this test, rolling one pair 
of test pieces and stripping another pair 
which had remained undisturbed for 15 
min. + 10 sec. may be alternated so 
that the testing may be performed with- 
out delay through a given series of tape 
samples. 

For measurements of other qualities 
of the tape such as the anchorage of the 
adhesive mass to the paper or cloth 
backing or the adhesion of the mass to 
the back a similar technique may be 
employed. 

Stripping from the full roll was per- 
formed by the use of a Scott rubber test- 
ing machine, the jaw of which was modi- 
fied by the addition of a metal cylinder 
1 in. wide and of such a diameter as to 
fit inside the cardboard spool of a roll 
of tape snugly enough to prevent the 
spool from slipping on the cylinder. 
This cylinder was mounted in such a 
way that it could be revolved freely on 
its axis; see Fig. 5. 

The set-up consisted of a Chatillon 
push-pull spring balance and a Kymo- 
graph like those which have been de- 
scribed above. The jaw of the machine 
was lowered at the rate of 25} in. per 
min. 

Six feet of tape were cut from the roll 
and rejected. The roll was placed on 
the metal cylinder of the test machine 
so that when the tape was pulled upward 
from the roll, the back of the tape was 
toward the operator. A 5-in. length of 
tape was stripped from the roll. A 
metal tab 1} by 22 in. punched at one 
end, was fastened to the adhesive 1} in 
from the end of the tape, the punched 
end of the tab being toward the end of 
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the tape. The 1} in. end of the tape was 
folded over the tab and fastened. 

A hole was punched in the tape coin- 
ciding with the hole in the tab. On the 
back of the tape on the tab was written 
the tape sample number and the roll 
number. At the juncture between the 
loose end of the tape and the roll, a red 
pencil mark was made both on the roll 
and on the back of the loose end of tape, 
thus marking off one complete revolution 
of the tape on the roll. The hole of the 
tab was slipped over the hook on the 
bottom of the spring balance. 

The chart was adjusted to zero and 
the drum rotated to give a 3 in. zero 
line. The drum was stopped and the 
jaw started downward. As soon as 
stripping began, the drum was started 
and an autographic curve of the force 
required to strip the tape from the roll 
was recorded. 

When the tape had been stripped to 
the second red mark, that is, one com- 
plete revolution of the roll, the drum was 
stopped. The jaw was raised, the bal- 
ance was allowed to return to zero, and 
a second 3} in. zero mark recorded by 
running the drum from a short time. 
The test piece was cut from the roll and 
the tab removed. In performing this 
test, one roll was prepared and tested 
at a time. 

RESULTS 
_ A very large number of tests were 
performed upon metal strips lacquered 
with Duco and other types of automobile 
finishes. Surfaces such as spring steel, 
cold-rolled steel, chromium plate, glass, 
and others were studied. Also the effect 
of roughening the surface with sand 
paper and the effect of different methods 
of cleaning the strips were tested. A 
_ discussion of these variables, however, 
would require an inordinate amount of 
space. Therefore, only certain results 
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with adhesion to lacquered metal have 
been reproduced. These have been 
selected to illustrate not only typical 
curves, but also to show the effect of 
some factors which influenced the ad- 
hesion to the most pronounced degree. 

Figure 7 shows records in which the 
effect of the thickness of paper-backed 
masking tape against a Duco lacquer 
metal strip is recorded. The paper it- 
self was 0.007 in. thick so that the thick- 
ness of the adhesive may readily be 
calculated. The thicker the adhesive 
mass, the higher the adhesion. 

The weight upon the roller was varied 
and the effect is shown in Fig. 8. In 
this instance, the heavier the weight, 
the higher the adhesion. In the case of 
masking tape which was known to be 
irregular of face, this merely means that 
there was a larger area of contact of the 
adhesive to the lacquer. 

Figure 9 is interesting in that these 
two tape samples were rolled not with 
the roller, but by the usual method of 
rubbing them down with the thumb. 
The irregularities are not only over the 
entire distance of stripping, but also the 
higher adhesion when the thumb was 
allowed to dwell for an appreciable length 
of time upon part of the tape. 

Figure 10 shows the effect of dwell; 
namely, stopping the roller at a specific 
point upon each of the samples tested, 
as is shown, for 10 sec. in one instance 
and 30 sec. in others. It was results of 
this sort which influenced the design of 
the rolling machine, Fig. 1, for it proved 
the necessity of uniformity of application 
of load from end to end of the strip. 

Figure 10 (d) indicates also how the 
adhesion is reduced by minor impurities 
upon the surface of the lacquer. In this 
particular instance, the lacquered strips 
had been previously used but had not 
been recleaned. 

Figure 18 demonstrate the influence 
of irregularities of load application. 
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Such tests as these afforded evidence 
which led to the procedure of always 
rolling two strips of tape simultaneously, 
and these two strips of tape being from 
the same roll and applied upon lacquered 
metal strips of accurately gaged and 
identical thickness. 

To insure uniformity of pressure of the 
roller over the tape width two specimens 
are always rolled at the same time. In 
Fig. 18, the word “dummy” is used 
merely to indicate that one or more 
layers of masking tape were used upon 
lacquered metal strips in place of a 
regular strip of tape made up for test. 
Thus, if the dummy were of one layer 
only, we get the first curve at the left. 
When of two layers, the adhesion is 
somewhat less although the duplicates 
are somewhat irregular. When in 4 
layers, the adhesion and the duplicates 
are not only less, but differ from each 
other. When a dummy or any strip of 
tape is used the thickness of which is 
greater or less than that of the test 
specimen, the roller rides at an angle on 
the test specimen. The pressure, there- 
fore, is not uniform over the width of 
the tape under test and the curve does 
not record a true measure of the ad- 
hesion. In the case of the fourth curve, 
a specifically irregular dummy was cut 
to the shape shown, with the result that 
the adhesion curve shows somewhat the 
inverse shape of the dummy. 

Because this paper primarily is a de- 
scription of method and apparatus, only 
a few copies of curves drawn by tape 
tested under these conditions are in- 
cluded. The figures mentioned in the 
following paragraphs are copies of curves 
selected from a very large number. The 
discussion of them is necessarily brief. 

Drawn on the 5-lb. scale, Figs. 11 and 
12 are curves of cloth-backed industrial 
tape and paper backed masking tape. 
Figures 13 to 17 are records of ad- 

hesives against Duco lacquered metal 
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strips. The chart and spring balance 
used were of the 18-0z. scale. The kind 
of backing is indicated on each figure. 

Figure 13 is a standard cloth-backed 
industrial tape, although it was spread 
with a different adhesive than that 
shown in Fig. 11. 

Compare Figs. 13, 15, and 17, which 
show not only the number of ounces of 
pull required to strip these tapes, but also 
the uniformity or the irregularity of the 
curves. When the thickness was the 
same, we found that each adhesive drew 
a characteristic curve. 

Of particular interest to the authors 
was a long series of tests of paper-backed 
adhesive masking tapes after they had 
been run under specific and uniform 
conditions of aging. Some rolls were 
aged in a dry oven and others in a humid 
oven. By the application of these 
methods and apparatus, it was possible 
to appraise the expected life of tapes of 
different construction and which used 
adhesives of different compositions. 


CONCLUSIONS 


The authors performed _ several 
thousand tests upon adhesives of differ- 
ent compositions, manufactured under 
excellent controlled factory conditions 
and carried upon backs of a variety of 
constructions. One conclusion was 
clear, which is included here even though 
this particular paper is devoted largely to 
a description of the test procedure alone. 
This is that other things being the same 
(paper or cloth of the same construction, 
methods of manufacture, and so on) 
each adhesive, when tested as described, 
gives a curve which is characteristic of 
its composition. 
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MECHANICAL TESTS OF CELLULOSE ACETATE 


By N. Frinprey! 


SYNOPSIS 

oa Mechanical properties of cellulose acetate as obtained by tests carried on at 
constant temperature and relative humidity are presented. The tests consist 
of short-time extensometer tension tests, long-time constant load (time-to- 
fracture) tension tests, and vibratory bending fatigue tests of notched and un- 
notched specimens. A wide range of speeds of testing were used in the short- 
time tension tests. A critical speed of testing in tension was found above 
which the stresses were substantially unaffected by changes in speed of testing. 
The constant-load tension tests show that the fracture stress and the ductility 
decreased as the time to fracture increased. The effect of the molded surface, 
the shape of specimen, and notches on the endurance limit in fatigue is shown; 
and the effect of air velocity and stress upon the temperature of the specimen 
during repeated stressing in fatigue is indicated. ‘The endurance limit was af- 


fected markedly both by the shape of the specimen and by a V-notch. 


The investigation reported in this 
paper was undertaken to secure data on 
the load-resisting properties of plastics 
and to study the technique of testing 
plastics. This technique involves the 
consideration of variables such as the 
effect of small changes in temperature 
and humidity, the effect of speed of 
testing, the effect of surface condition, 
and the effect of attachment of instru- 
ments. There has been some work done 
on the mechanical properties of plastics 
in which certain of these effects have 
been taken into account. Two papers? 
along lines similar to that discussed 
herein have come to the attention of the 
author. 

The material selected for this study 
(cellulose acetate) would not be con- 


‘Instructor in Theoretical and Applied Mechanics, 
University of Illinois, Urbana, Il. 
._2W.F. Bartoe, “Service Temperature Flow Character- 
istics of Thermoplastics,’”’ Mechanical Engineering, Vol. 61, 
No. 12, December, 1939, p. 892. 
R Meyer Fishbein “Physical Properties of Synthetic 
tsin Materials,” Technical Note No. 694, Nat. Advisory 
ommittee for Aeronautics, March, 1939. 


sidered as a structural material for with- 
standing high stresses; however, a knowl- 
edge of its load-resisting properties are 


needed in the design of smaller but 
important parts in which the material 


does have application. 


The material for these tests was sup- 
plied by the Plastics Division of the 
Monsanto Chemical Co. and is a clear, 
transparent cellulose acetate (Monsanto 
formulation number 2050 TV). Itiscom- 
posed of medium viscosity cellulose ace- 
tate of the acetone soluble type, plasti- 
cized with about 26 per cent of phthalate 
and aromatic phosphate ester plasti- 
cizers. All specimens were cut from one 
sheet ,*) in. thick which was made by 
the sheeter process. The finished sheet 
contains less than 1 per cent of residual 
solvent and water, and the molding tem- 
perature was between 200 and 250F. 


Material: 
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The Rockwell hardness of the material is 
about L 40 (at 77 F., 50 per cent relative 
humidity). 

Tests and Test Specimens: 

The following tests were made: short- 
time extensometer tension tests, long- 
time constant load (time-to-fracture) 
tension tests, and vibratory bending : 
fatigue tests of notched and unnotched 
specimens. All specimens were cut on a 
jig saw from one sheet of cellulose 
acetate 20 by 50 in. described above. 


a “diam. 
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Rectangular 
—t Specimen 


Circulor 
mm Fatigue 
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days in a constant temperature and hu- 
midity room before being tested. This 
room, in which all tests were conducted 
and in which all specimens were stored 
before testing, was maintained at a con- 
stant temperature of 77 + 1 F. and 50 + 
2 per cent relative humidity. All speci- 
mens were carefully weighed on an ana- 
lytical balance before and after testing 
except for the short-time tension speci- 
mens which were weighed only before 
testing. 
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The specimens were cut from the sheet 
with the same orientation so that the 
tensile stresses set up during the test were 
crosswise of the sheet. The final shape 
of the specimens was obtained by milling 
and the milled edges were finished with 
No. 0000 emery paper so as to remove all 
burrs and all scraches transverse to the 
direction of tensile stresses. Except as 
otherwise specified the flat surfaces of 
the specimens were the original (highly 
polished) surfaces as they came from the 
sheeter process. 

The specimens were conditioned by 
allowing them to remain at least four 


Fic. 1.—Test Specimens. 


EXTENSOMETER ‘TENSION 
TESTS 


SHORT-TIME 


Testing Machine: 


The tension tests were made on 4 
1500-lb. Riehle tension testing machine 
modified to provide pendulum weighing 
and variable cross-head speed, and 
equipped with Templin wedge grips. 
The speed was changed by means of 
V-belt pulleys. It appears likely that 
the relationship between rate of strain 
and head speed, and certain charactet- 
istics of the stress-strain diagram, such 
as the upper yield point, may be depend- 
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ent to a large extent upon the rigidity of 
the machine. Therefore, the spring con- 
stant (the ratio of load to deformation 
of machine and grips) of this machine 
was determined and found to be 10,170 Ib. 


per in.—a rather “soft” (nonrigid) 
machine. 


Extensometer: 

Since it was desired to obtain the com- 
plete stress-strain curve to fracture, it 
was necessary to construct an exten- 
someter having a very long range, having 
sufficient sensitivity to obtain satisfac- 
tory readings in the elastic range, 
capable of gripping the specimen even 
with large reductions in cross-section, 
and of withstanding the shock of frac- 
ture, and having contacts between the 
instrument and specimen that would not 
cause fracture to take place at those 
points. The instrument, evolved after 
several trials and modifications, was 
essentially a parallelogram consisting of 
two long arms pin-connected to a 2-in. 
bar at one end with the specimen at the 
otherend. A 1-in. travel dial was placed 
halfway between the ends of the long 
arms. The dial was pivoted to one of 
the arms and the plunger of the dial was 
fastened by a friction grip to an adjust- 
ing screw which was pivoted to the other 
arm of the instrument. The friction 
grip was used so that the dial would not 
be damaged if the instrument should be 
extended beyond its normal limits of 
travel due to the shock of fracture. 
During a test the free end of the instru- 
ment was suspended from the testing 
machine and the weight of the specimen- 
end of the instrument was balanced by 
means of pulleys and counterweights so 
that relatively small contact pressure 
between the instrument and the speci- 
men was necessary to keep the two to- 
gether. It was found that contact 
points having a radius of about # in. 
caused enough indentation of the speci- 
men to hold the instrument in place and 
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yet did not cause failure at these marks. 
The difficulty encountered by the re- 
duction in cross-section of the specimen 
was overcome by a spring arrangement 
with sufficient range of motion to 
keep the contdct points pressed against 
the specimen automatically even for 
large reduction in cross-section. 


Procedure: 


Specimens of the shape shown in Fig. 
1 were tested in tension for a variety of 
different no-load head speeds ranging ~ 
from 0.022 to 4.5 in. per min. During 
each of the tests simultaneous readings 
of load and extension were taken; and 
for some of the tests simultaneous read- 
ings of time were also taken. Readings 
were taken from the start of the test 
until fracture and an attempt was made > 
to space the readings in such a way as to | 
permit the plotting of a smooth stress- 
strain curve. However, at the higher 
speeds it was difficult to obtain readings 
in the “elastic” region. Autographic 
equipment is essential to an accurate 
record of the “elastic” region for head 
speeds above 2 in. per min. 

From the data obtained in this way, 
the stresses and strains were computed 
(the stress was in all cases computed 
from the original cross-sectional area). 
Then three sets of curves were plotted: 
stress versus strain to a scale large 
enough to show the “elastic” region 
(Fig. 2 (a)); stress versus strain for the 
entire curve (Fig. 2 (6)); and strain 
versus time (Fig. 4). A marked change 
in the character of the “elastic” region 
is noticed with increasing head speed. 
At the lowest speeds—0.022 and 0.052 in. 
per min.—the stress-strain relation is a 
curve almost from the start. At higher 
speeds this curvature disappears and the 
relationship becomes nearly a straight 
line. It will be noticed that the initial 
slope in all cases is the same (the dash 
lines are all parallel). It seems probable 
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that the curvature noticed in the tests 
at low speeds is due to creep which, at 
the low speeds, takes place at such a rate 
as to increase materially the strain read- 
ings. The fact that the change in the 
stress-strain relation is from a straight 
line to a curve rather than simply a 
change of slope of the straight line is a 
verification of the well-known fact that 
the creep rate increases with the stress. 


The curves shown in Fig. 2 (6) indi- 
cate that the material has a definite 
“vield point” (point A on the curve) 
and that the general shape of the stress- 
strain relation is the same for all speeds 
except perhaps for very slow speeds 
where creep plays an important part. 
It is, however, noticeable that the 
stresses are increased with increasing 
speed. The exact nature of the effect 


7000 
Fracture Stress 
Upper Yield Point —— 
° Lower Yield Point 
Flongation 
Reduction of Area 
Fracture Stress — 
Lam |  |Lower Yield Point 
om 
p 
4 
2000F 402 
wn | Reduction of Area 
& = 
0 
2 3 4 5 


Head Speed, in. per min. 


Fic. 3. 


The initial modulus of elasticity was 
found to be the same for all speeds 
tested, as may be seen from the dash 
lines (all of which are parallel) in Fig. 
2 (a). The value of the modulus of 
elasticity obtained from the slope of the 
dash lines is 212,000 psi. The effect of 
creep at low speeds makes it difficult to 
obtain enough points at the initial slope 
to determine the modulus at head speeds 
below about 0.5 in. per min. (rate of 
strain in “elastic” region about 0.05 
per min., see below). 


The Effect of Speed of Testing on the Tensile Properties. 


of head speed upon the tensile prop- 
erties is more clearly illustrated by Fig. 3 
in which are plotted the upper yield point, 
the lower yield point, the fracture stress, 
the reduction of area, and the elongation 
in 2 in. (measured at the instant of 
fracture) as functions of the no-load 
head speed of the testing machine. The 
no-load head speed is used here for con- 
venience. The relation between head 
speed and the more significant quantity, 
rate of strain, will be discussed later. 
The upper yield point is here defined as 
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the stress corresponding to the peak of 
the curve at the point A; the lower yield 
point is the stress corresponding to the 
horizontal portion at point B at which 
the strain continues without further in- 
crease in stress; the fracture stress is the 
stress at fracture, point C, as computed 
from the original cross-sectional area; 
the reduction of area is the final area 
of cross-section expressed as a_per- 
centage of the original area; and the 
elongation is the change in length at 
time of fracture of an original 2-in. 


fact becomes more significant in the light 
of the following remarks: It was noticed 
during the course of the experiments 
that very slight transverse surface 
scratches formed the nucleus from which 
the final fracture started and that the 
presence of such imperfections markedly 
affected the value of the elongation and 
the stress at which fracture took place. 
For this reason great care was taken to 
provide specimens free from scratches. 
If the specimens had not been very care- 
fully prepared there would have been 
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gage length expressed as a percentage of 
the original gage length. 

Figure 3 shows that the upper yield 
point, lower yield point, and fracture 
stress all increase with increasing head 
speed until a critical speed is reached at 
about 1.5 to 2 in. per min. beyond which 
they remain substantially constant. An 
examination of these data will indicate 
that the values of the lower yield point 
are more consistent, as shown by less 
scatter of the data, than either the upper 
yield point or the fracture stress. This 


30 


Fic. 4.—Relationship of Strain to Time During a Tension Test. 


more scatter in the data for the fracture 
stress. Further, it has been shown for 
mild steel that the magnitude of the 
upper yield point depends upon the 
rigidity of the testing machine used. 
While there are as yet no data to prove 
that this is also true for cellulose acetate, 
it seems likely. In the light of these 
considerations, the lower yield point 
would seem to be the more significant 
tensile property of this material since the 
lower yield point appears to be the least 
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affected (of the three) by variations in 
testing conditions. Incidentally, the 
lower yield point is readily determined 
at any testing machine speed with any 
machine in which the load is self- 
indicating. 

Figure 3 also shows the reduction of 
area and the elongation in 2 in. at 
fracture plotted against the no-load 
head speed. It will be noticed that 
there is considerable scatter of the 
data. This scatter is perhaps in part 
due to the fact that the sheet from which 
the specimens were cut was not of uni- 
form thickness; and since it was desired 
to leave the original surface on the flat 
sides of the specimen, this unevenness 
was not corrected and might account 
for some scatter in reduction of area 
and elongation. However, a large part 
of the scatter may be attributed to slight 
surface scratches causing early failure. 
It will be noticed that there is an in- 
dication that both reduction of area and 
elongation decrease with increasing head 
speed. 

In Fig. 4 is shown a sample curve of 
strain plotted against time. Such data 
were obtained from specimens tested at 
several different head speeds. It will 
be noticed that there is a distinct change 
in slope of this curve as the region near 
the upper yield point is passed. This 
is due to the fact that up to the upper 
yield point the load is increasing not 
only on the specimen but also on the 
testing machine and hence part of the 
turning of the screw of the testing 
machine results in deformation of the 
testing machine. In a relatively non- 
rigid machine this may be a large part 
of the total motion of the screws; hence, 
the rate of stretching of the specimen is 
less than that which would occur if the 
machine were more rigid. But when the 


lower yield point has been reached the 
motion of the screw results almost en- 
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tirely in stretching the specimen because 
there is no longer any increase in the load 
on the testing machine and hence the 
machine does not deform further. Thus 
in the lower yield point region the rate 
of straining is much greater than the 
rate of straining up to the upper yield 
point. It is evident from this discussion 
that the variation of rate of strain with 
time depends to a large extent upon the 
shape of the stress-strain curve of the 
material being tested when a machine 
equipped for constant rate of cross- 
head motion is used. 

The relationship between rate of 
strain and no-load head speed for the 
“elastic” region was obtained from 
strain versus time curves (similar to the 
representative curve in Fig. 4) at several 
different no-load head speeds. This 
relationship was obtained by plotting 
the slope of the portion of each curve 
lying below the upper yield point region 
against the no-load head speed. A 
similar study was made of the rate of 
strain in the region of constant stress. 
The relationships are: rate of strain in 
elastic region (per min.) = 0.095 X no- 
load head speed (in. per min.); rate of 
strain at constant stress (per min.) = 
0.475 X no-load head speed (in. per 
min.). Hence, by a mere change of 
scale the abscissa in Fig. 3 would become 
rate of strain instead of head speed with- 
out any alteration in the position of the 
plotted points. 


FRACTURE UNDER LONG-CONTINUED a 


CONSTANT LOAD 


The fracture test is used in the study of 
the behavior of materials that are 
subject to creep under long-continued 
steady load. The specimens used in the 
fracture tests are illustrated in Fig. 1. 
They were shaped by milling and the 
milled edges were smoothed with emery 


paper, but not polished. The apparatus 
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for the tests consisted of a steel rack from 
which the specimens were suspended and 
loaded in tension by hanging sufficient 
weight from the specimen to produce the 
desired stress. This weight remained 
hanging on the specimen until the speci- 
men broke at which time the falling of 
the weight would release a catch to stop 
a clock and thus record the time of 


fracture. 
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slope corresponding to the lower portion 
of the curve the fracture stress at 10,000 
hr. (about one year) is 2200 psi., which is 
about half the fracture stress obtained 
in short-time tension tests. An _ in- 
dication that the ductility, as measured 
by the reduction of area, decreases 
with increasing time to fracture is shown 
in Fig.5. From these data it would seem 
that consideration should be given to the 
decrease in fracture stress with increase 
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Effect of Time on the Fracture Stress and 
the Ductility: 


A plot of stress against the time to 
fracture of cellulose acetate on a log-log 
scale appears in Fig. 5, and also a plot 
of the reduction of area against the time 
tofracture. It will be noticed that there 


is a sudden change in slope of the stress 


versus time-to-fracture curve at about 
300 hr. The fracture stress at 1000 hr. 
(about one month) is 2430 psi. 
olating the data as a straight line with 


Fic. 5.—The Effect of Time to Fracture Under Constant Load on the Fracture Stress and 
Reduction of Area. 
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in time to fracture when cellulose acetate 
is to be subjected to long-continued 
steady load. 
FATIGUE 

Five sets of fatigue tests of cellulose 
acetate have been run to determine the 
effect of the molded surface, the effect 
of shape of specimen, and the notch 
sensitivity. A  Krouse plate fatigue 
machine, which is a vibratory type of 
machine designed to produce the same 
maximum deflection of the specimen in 
each cycle, was used. In these tests, the 
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machine was not equipped with variable 
speed and hence the tests reported were 
made at a constant rate of 1720 cycles of 
stress per min. During the first few 
tests of this series the specimens fre- 


1800 


centration and the chafing of the speci- 
men resulting from the minute sliding 
motion between specimen and _ grip 
which occurs at the edge of the grip 
during the repeated bending. This dif- 
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Fic. 6.—S-N Diagrams. 


quently broke in the grip at either end 
even though some allowance had been 
made in the design of the specimen for 
the stress concentration at the grips. 
The cause of the difficulty seems to 
have been a combination of stress con- 


ficulty was cured by placing a 3-in. 
sheet of rubber gasket between specimen 
and grips. This type of machine re- 
quires that the specimen be calibrated — 
as a cantilever beam to determine the 
load-deflection relationship from which 
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the deflection necessary to produce the 
desired stress can be obtained. It is 
quite noticeable during the calibration 
that creep occurs as evidenced by 
increasing deflection under constant 
load. However, it was found that very 
satisfactory straight line load deflection 
curves could be obtained if the calibra- 
tion was made quickly and the load 
removed after each reading of the 
deflection. 

Figure 6 shows the results of the five 
series of tests. This diagram is a 
semi-log plot of stress versus number of 
completely reversed cycles of stress 
required to cause fracture (the so-called 
S-N diagram). 

The specimen used in the first series 
of tests is shown in Fig. 1. It was of 
rectangular cross-section (width 34 in., 
depth 45 in.) in which the original 
polished surface remained on the flat 
faces of the specimen and the neutral 
surface of bending of the specimen was 
parallel to the plane of the figure. This 
latter was true of all other fatigue speci- 
mens shown in Fig. 1. It will be noticed 
that the S-N diagram for this test, and 
indeed for all other diagrams shown, 
has a definite sharp break at about one 
million cycles. This indicates that a 
“true” endurance limit has been found, 
that is, a value of completely reversed 
stress above which fracture of the speci- 
men will occur for a finite number of 
cycles of stress but below which fracture 
will not occur for an indefinitely large 
number of cycles of stress. The value 
of the endurance limit for this shape 
specimen was found to be 1075 psi. 


Effect of Molded Surface: oe 


A second set of specimens was tested 
having the same general proportions as 
the first but with the original surface 
machined off to a depth of 0.025 in. 
Tests of these specimens under the same 


conditions as the first group gave an 
endurance limit of 1180 psi., an increase 
of 9.8 per cent over the endurance limit 
of the specimen with the original surface. 


Effect of Shape of Specimen: 


The effect of shape of specimen was 
investigated in the next two series of 
tests. In one of these the width of the 
test section of the specimen was re- 
duced so as to give a square cross-section. 
In this specimen the original surface 
remained on the specimen. The en- 
durance limit found was 1145 psi., an 
increase of 6.5 per cent over the en- 
durance limit of the rectangular speci- 
men with the original surface. In the 
other series of tests a specimen of 
circular cross-section as shown in Fig. 1 
was used. The endurance limit ob- 
tained for this specimen was 1480 psi., 
an increase of 25.4 per cent over the 
endurance limit of the rectangular speci- 
men with machined surface. The com- 
parison is made with the machined 
surface specimen because the test section 
of the circular cross-section specimen 
was also machined. With cellulose ace- 
tate, as has been found for other mate- 
rials, the shape of specimen seems to 
have a distinct effect upon the endurance 


limit under repeated stresses. 4 


The notch sensitivity in flexural 
fatigue of the material being tested was 
determined by obtaining an endurance 
limit of specimens across one face of 
which a V-notch had been machined 
as shown in Fig. 1. The endurance 
limit as computed from the elementary 
flexure formula using the reduced cross- 
section at the notch was 550 psi., 4 
reduction of 53.4 per cent from the 
endurance limit of the rectangular ma- 
chined specimen. The effective stress 
concentration factor for a 60-deg. 


Notch Sensitivity: 
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V-notch (with 0.01-in. radius) in the 
material being tested was thus found to 
be 2.15, as obtained from the ratio of 
the endurance limits of the notched and 
notch-free specimens. The notched 


specimen was compared with the rec- 
tangular machined specimen because 
the material which is tested in the 
notched specimens is that at the root of 
the notch and hence is equivalent to 
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to that point on the specimen by means 
of a small strip of cellulose tape. The 
temperature in each case was found to 
be above room temperature, which is 
not surprising when it is recalled that 
cellulose acetate has rather large damp- 
ing capacity and hence would absorb 
considerable energy under repeated 
stressing. Also the thermal conduc- 
tivity of the material is low so that the 
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lic. 7.—The Effect of Stress and Air Velocity on Specimen Temperature in Fatigue. 


the material tested in the machined 
specimen. 


Effect of Air Velocity and Stress upon 

Specimen Temperature: 

At the conclusion of three of the 
fatigue tests in which specimens “ran 
out,” the temperature of the high stress 
portion of the specimen was measured 
during the operation of the machine by 
affixing a chromel-alumel thermocouple 


heat could not be readily dissipated. 
The variation of test-section temperature 
with stress and also with the velocity of 
air movement over the specimen is 
shown in Fig. 7. It will be noticed 
that the temperature of the notched 
specimen at the root of the notch is 
higher than the temperature of the other 
shapes for corresponding stresses. This 
is to be expected since it is known that 
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the effect of the notch is to produce 
higher stresses than that predicted from 
the elementary theory of flexure. At 
the endurance limit of both notched 
and square specimens an air velocity of 
1000 ft. per min. was sufficient to reduce 
the specimen temperature to room 


the effect of the increased temperature. 
However, no detailed study of these 
data has been made. It is proposed to 
obtain endurance limits for specimens 
whose temperature is maintained at 
room temperature, but time has not 
permitted the completion of this work. 


Fic. 8.—Specimens and Fractures. 
(a) Lime-coated tension specimen. 


(b) Fractured circular cross-section fatigue specimen. 
(c) Fractured tension specimen. 
(d) Fractured torsion specimen. 


temperature, at least on the side receiv- 
ing direct impingement of the air blast 
from the fan. All specimens were 
weighed on an analytical balance both 
before and after fracture. In all cases 
the weight was found to have decreased 
0.1 to 0.3 per cent. This may be due to 


MopE OF FAILURE OF CELLULOSE 
ACETATE 


Figure 8 shows the unusual (as far 
as metals are concerned) character of 
the fracture for several fractured speci- 
mens. During the progress of the ten- 
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sion test a considerable elongation and 
reduction in cross-section of the speci- 
men takes place. The character of the 
tension failure is unlike that occurring 
in any single metal in that both brittle 
and ductile properties are evidenced. 
The large elongation is evidence of 
ductility yet it is not (as it is in metals) 
the result of sliding along planes of 
maximum shearing stress (at 45 deg.) 
as may be seen from the lime-coated 
specimen, Fig. 8(a). It will be noticed 
that the lime cracked in transverse 
lines, beginning first at the corners of 
the specimen. Ductile steel would have 
shown diagonal cracks (Liiders lines) 
in such a coating. Further, there is 
no marked localized reduction of area 
(necking down); the reduction is uni- 
form throughout the test section. The 
fracture is a transverse plane which is 
characteristic of the tension fracture of 
brittle materials, Fig. 8(c). The frac- 
ture starts, perhaps at several places 
at once, as a tear originating at some 
slight surface imperfection which spreads 
leaving a shiny surface until rupture 
takes place. The surface of rupture 
shows a fibrous character. 

In the fatigue tests, on the other hand, 
the fracture is propagated in a different 
manner. In the case of the circular 
specimens the plane of fracture was at 
45 deg. to the plane of maximum normal 
stress indicating a shear failure as shown 
in Fig. 8(b). Fracture of the rectangular 
specimens started in the same way but 
due perhaps to the shape of the specimen 
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the fracture was a slowly propagating 
tear having the appearance of a glass- 
like fracture. 

One single specimen has been tested 
in torsion and is shown in Fig. 8(d). 
While there were no data taken on torque 
or twist, the test is of interest because 
of the fact that the specimen shown 
twisted around 1% revolutions before 
fracture started. This indicates large 
shearing deformation, but the fracture 
was on a 45-deg. helix (a plane of maxi- 
mum tension stress). Thus again, duc- 
tility is indicated by the large detrusion 
whereas the fracture is that characteris- 
tic of brittle material. 
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DISCUSSION 


Mr. G. M. Kuine.’—I want to ask 
Mr. Findley about the curve which he 
showed for long-time tension on this 
cellulose acetate plastic (Fig. 5). He 
calls particular attention in the paper to 
the break in the curve at 300 hr., and 
I wonder whether those points had 


been established by just one test or | 


whether they were the average of several 
tests at the particular times involved. 
In other words, I do not believe there is 
any reason to expect the sharp break, 
and it is possible that it may be for- 
tuitous rather than an actual break in 
the curve. 

Also, I want to stress the point that 
he brought out on the increase in 
temperature of the plastics when they 
are subjected to rapid alteration of 
stress. That damping property of plas- 
tics has been stressed in calling attention 
to some of their advantageous properties 
and it is a desirable feature from the 
standpoint of resistance to rupture under 
conditions involving vibration. But on 
the other hand, when the vibrations be- 
come excessive, as they may in certain 
airplane applications, that property be- 
comes a disadvantage. As Mr. Find- 
ley points out, the energy absorbed has 
to go some place, and it comes up in the 
form of heat. That has two serious 
features. In the first place, there may 
be sufficient heat generated actually to 
deteriorate the plastic or to char it. 
In the second place, as has been pointed 
out in other papers presented before the 
Society, the modulus characteristics of 


1 Chief, Organic Plastics Section, National Bureau of 
Standards, Washington, D. C 


plastics decrease with increasing tem- 
perature, and one begins to get an ac- 
celerated effect on the flow of the ma- 
terial. Even on thermosetting plastic 
materials, a stretching or flow of the 
plastic is obtained, which can be very 
disadvantageous. 

So it is well to keep that property in 
mind in working with plastics for ap- 
plications where a very high frequency 
of vibration is involved, and where there 
may be a very considerable building up 
of heat, particularly internally. Plas- 
tics are also poor conductors of heat, 
and simply the fact that there is an air 
current blowing over the surface may 
not be sufficient to conduct the heat 
away from the interior of the article. 

THE CHAIRMAN (Mr. L. M. Currie?) .— 
I do not know whether others have 
noted it in reading this paper, but I 
think it highly significant that it was 
found that by removing the surface— 
the original surface of some of these 
samples—the endurance limit in fatigue 
was stepped up almost ten per cent. 
I wonder how that checks with the ex- 
perience of others who have been running 
fatigue tests. What is the effect of the 
removal of the skin? Mr. Findley says 
that that figure was checked, but to me 
it was a unique fact that the removal of 
the skin of the original finish actually 
increased the fatigue value. 

Mr. N. (author's 
closure).—Mr. Kline raises some ques- 
tions regarding the long-time steady 

2 Superintendent, Vinylite Division, Bakelite Corp., 
Bound Brook, N. J. 


3 Instructor in Theoretical and Applied Mechanics, 
University of Illinois, Urbana, Ill. 
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load (fracture) tests, Fig. 5, and inter- 
pretation of the results. 

The plotted points do represent single 
tests, but it is the opinion of the author 
that the loads, areas and times involved 
in these tests were large enough to 
permit accurate measurement, and that 
the uniformity of the material tested as 
shown in all of the tests was quite 
satisfactory. The fact that a change in 
slope of the stress versus time-to-fracture 
curve was observed does not, of course, 
prove that an “endurance limit” exists 
for long-time steady loading of cellulose 
acetate such as is found for repeated 
loading, Fig. 6. Such proof demands 
further study. It is possible that the 
change in slope of the “fracture” curve 
(Fig. 5) may be due in part to aging (a 
changing in mechanical properties with 
time as a result of changes in moisture 
and solvent content, or progressive 
polymerization) since the test extended 
over a period of three months. 

It was not the intention of the author 
to imply either in the text or in Fig. 5 
that the change in curvature was 
instantaneous but to call attention to 
the fact that a change in slope occurred. 

Mr. Kline’s statement that the high 
damping capacity of plastics “is a 
desirable feature from the standpoint of 
resistance to rupture—under vibration,” 
may give one the impression that high 
damping capacity improves the resist- 
ance of the material to rupture under 
vibration. The actual effect is of course 
the reverse, as Mr. Kline points out 
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later. A large damping capacity does, 
however, enable the material to absorb 
energy, thus preventing the amplitude of 
vibration at a resonant frequency from 
building up. As a result, the stresses 
developed are smaller. 

I believe that the effect of heat result- 
ing from repeated loading of plastics is 
not quite as serious as Mr. Kline has 
pictured it. A plastic may deteriorate 
as a result of heat developed by repeated 
loading in the sense that its resistance to 
fatigue may be lowered by a small rise 
in temperature. However, it is unlikely 
that a plastic part would ever char as a 
result of heat generated by repeated 
loading at stresses below the room- 
temperature endurance limit of the 
material. 

Types of loading such as flexure or 
torsion produce stresses which are maxi- 
mum at the surface of the part so that 
the greatest amount of heat resulting 
from repeated loading of this type is 
developed at the surface where it may be 
removed by convection. This fact helps 
to offset the disadvantage (as far as 
removal of heat is concerned) of the low 
thermal conductivity of plastics. 

Mr. Currie asks whether the effect of 
the removal of the skin of the material 
on the endurance limit was confirmed. 
I can only say that the increase in 
endurance limit with removal of the 
surface was observed but that aging 
may have been a factor since the fatigue 
tests reported extended over a period of 
six months. 
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RESISTANCE OF PLASTICS TO CHEMICAL REAGENTS | 
By G. M. Kuing,' R. C. RINKER,' AND H. F. 


The results of tests of the resistance of various types of plastics to chemical 
reagents made in accordance with A.S.T.M. Tentative Method of Test for ft 
Resistance of Plastics to Chemical Reagents (D 543 —- 39 T)* are reported. — 
The plastics examined were as follows: molded, cast and paper-base laminated of t 
phenol-formaldehyde resin, molded and paper-base laminated urea-formalde- elect 
hyde resin, molded and cast polystyrene, cast methyl methacrylate resin, cane) 
vinyl chloride-acetate resin, vinyl butyral resin, cold-molded bituminous TIES 
plastic, cold-molded phenolic plastic, cellulose nitrate, cellulose acetate, 
ethylcellulose, and casein plastic. The resistance of these materials to all of 
the standard and supplementary reagents listed in the A.S.T.M. method was Phenol 


weig! 


determined. 


These reagents include weak and strong acids, weak and strong 
alkalies, salt solutions, hydrogen peroxide, and organic solvents. 


Changes in 


the weight, dimensions, and appearance of the test specimens are recorded. 


_ In the tabulation of data on plastics 
for handbooks and manufacturers’ bulle- 
tins, information regarding the effect of 
various chemical reagents on these mate- 
rials is generally included. The selec- 
tion of compounds and concentrations 
for use in such tests was given early con- 
sideration by the Society’s Committee 
D-20 on Plastics, and the Tentative 
Method of Test for Resistance of Plastics 
to Chemical Reagents (D 543 - 39 T) 
was included in the first group of methods 
developed by that committee. This 
provided not only a uniform test pro- 
cedure for use in purchase specifications, 
but also a guide to investigators so that 
data obtained on new plastics would be 
comparable with those in the literature 
for other plastics. 


1 Chief, Organic Plastics Section, and Assistant Scien- 
tific Aide, respectively, National Bureau of Standards, 
Washington, D. C. 

2 Chemical Engineer, Ammonia Dept., E. I. du Pont 
de Nemours and Co., Inc., Belle, W. Va. 

3 1939 Book of A.S.T.M. Standards, Part III, p. 805. 


The limitations of this method as well 
as of other test methods involving the 
permanence properties of plastics should 
be recognized. The choice of reagents 
typical of the range of acids, alkalies, 
salt solutions, solvents and other chemi- 
cals which may be encountered in service 
is necessarily arbitrary. For most appli- 
cations it will be necessary to test the 
plastic, which is under consideration for 
fabricating the part, in contact with a 
particular chemical. However, rather 
than confine the method to a statement 
of testing procedure without listing any 
reagents or extend the list indefinitely 
to include all compounds and concentra- 
tions of solutions proposed by committee 
members, an effort was made to choose 
those reagents which would be repre- 
sentative of strong and weak acids, 
strong and weak alkalies, salt solutions, 
and the various types of organic solvents, 
such as alcohols, ketones, esters, and 
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aliphatic, aromatic, and halogenated 
hydrocarbons. 

Another limiting factor in the practical 
value of the results obtained in this test 
is the relatively short time of immersion 
specified: namely, 7 days. For applica- 
tions involving continuous immersion in 
chemicals, the data obtained in a short- 
time test are of interest only in elimi- 
nating the most unsuitable materials. 
Furthermore, the criteria of changes in 
weight, dimensions, and appearance are 
often insufficient to reveal adverse effects 
of the chemicals on the strength and 
electrical properties of the plastics. On 


TABLE I.—THICKNESSES AND SPECIFIC GRAVI- 
TIES OF THE PLASTICS EMPLOYED IN TESTS. : 


Thick- 
ness, Specific 
Material mils gravity 
Phenol-formaldehyde molded....... 128 1.40 
Phenol-formaldehyde cast............ 127 1.29 
Phenol-formaldehyde laminated....... 134 1.33 
Urea-formaldehyde molded........... 125 1.47 
Urea-formaldehyde laminated......... 132 1.46 
Vinyl chloride-acetate resin.......... 133 1.35 
Vinyl butyral resim.................. 132 1.09 
Methyl methacrylate resin........... 139 1.16 
Styrene resin (molded)............... 126 1.03 
Styrene resin (cast).................. 156 1.03 
123 1.36 
Ethylcellulose No. 1................. 185 1.10 
Ethyleellulose No. 2................. 166 1.12 
Cold-molded phenolic................ 128 2.09 
Cold-molded bituminous............. 130 1.87 
Casein ; 121 1.25 


the other hand, many instances have 
been reported of industrial applications 
of plastics in which the surface appear- 
ance is marred by contact with chemi- 
cals, but the serviceability of the plastic 
is not appreciably reduced. The period 
of immersion and the properties to be 
measured were, as in the case of the 
chemicals, selected primarily to serve as 
a guide to investigators wishing to com- 
pare the relative resistance to chemicals 
of different plastics. ‘Those with special 
problems in the application of plastics 
under corrosive conditions must neces- 
sarily fit to their special needs the dura- 
tion of contact with the chemical, the 
temperature of the system, and the 
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physical tests used in determining the 
suitability of the plastic. 

The experimental data reported in 
this paper were obtained in an explora- 
tory investigation undertaken by Sub- 
committee V on Permanence Properties 
of A.S.T.M. Committee D-20 on Plastics 
in connection with the preparation of the 
present tentative method for evaluating 
the resistance of plastics to chemicals. 
The experimental results should be 
interpreted in accordance with the limi- 
tations inherent in the test method, as 
previously discussed. 


MATERIALS AND TEST METHODS 


The plastics examined were molded, 
cast, and paper-base laminated phenol- 
formaldehyde materials, molded and 
paper-base laminated urea-formaldehyde 
materials, casein, cellulose nitrate, cellu- 
lose acetate, ethylcellulose, polyvinyl 
chloride-acetate, polyvinyl butyral, poly- 
styrene in molded and cast forms, 
polymethyl methacrylate, and cold- 
molded plastics of the bituminous and 
phenolic types. 
specific gravities of the specimens are 
listed in Table I. These plastics were 
obtained from commercial sources and 
many of them contained the plasticizers 
ordinarily used in such compositions. 
Specimens 1 by 3 in. were cut from the 
sheet materials which were approxi- 
mately § in. thick. The molded speci- 
mens were disks 2 in. in diameter and } 
in. thick. The surface areas on these 
two forms of specimens are approxi- 
mately equal. 


The thicknesses and 


vu we 


The specimens were placed on edge in 


test tubes or beakers and totally im- 


mersed in approximately 60 ml. of the 
reagents, which were prepared in accord- 
ance with the A.S.T.M. Method D 543.3 
After immersion for 7 days at 25 C., the 
specimens were removed from the rea- 
gents, rinsed in water as prescribed by 
Method D 543, wiped with a dry cloth, 
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and weighed without delay. The diam- 
eter or length and the thickness were 
measured immediately after weighing. 
The specimens were left in a room con- 
ditioned at 25 C. and 50 per cent relative 
humidity and the weights and dimen- 
sions were measured 1 week and 4 weeks 
after removal from the reagent. 

An analytical chemical balance was 
employed for determining the weights of 
the specimens. Dimensions were meas- 
ured with dial gages reading to 0.001 in. 
and having approximately 400 g. per 
sq. cm. pressure on the foot. All per- 
centage changes in weights and dimen- 
sions are calculated on the basis of the 
weights and dimensions of the specimens 
as received. 

Test REsuLTs AND Discussion 
_ The changes produced in the weights 
and dimensions of the plastics specimens 
by immersion in the reagents for 7 days 
at 25 C. are shown in Table II. It is 
possible by examination of the vertical 
columns to obtain a general picture of 
the resistance of a given plastic to the 
various types of chemicals. Likewise, 
by following across the table horizon- 
tally one can see the relative resistances 
of the various types of plastics to a given 
reagent. Thus, the top line of figures 
indicates that styrene and vinyl chloride- 
acetate resins are outstanding in their 
resistance to 30 per cent sulfuric acid. 
Looking down the first column of figures, 
it is readily apparent that the phenolic 
molding composition containing wood 
flour is markedly attacked by 10 per 
cent sodium hydroxide solution. Simi- 
lar observations for the other chemicals 
and plastics can be readily made from 
the data in Table II. For those reagents 


involving aqueous solutions it is helpful 
to compare the values observed for im- 
mersion in water alone with those meas- 
ured after immersion in the solutions. 
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The results obtained in gasoline can- 
not be taken as representative of the 
effect of aliphatic hydrocarbons on the 
plastics, as it is probable that some 
naphthenes and aromatic hydrocarbons 
were also present. For this reason, 
the subcommittee which prepared this 
method has under consideration a pro- 
posal to substitute a typical aliphatic 
hydrocarbon for gasoline in this test. 
Considerable variation in the action on 
some plastics of the three gasolines used 
in the tests reported in this paper was 
noted. 

In examining the values for changes 
in thickness, it is important to remember 
that the measurements were made only 
to the nearest 0.001 in. and that changes 
of less than about 1 per cent are not sig- 
nificant. 

Data relating to the recovery of the 
original weights and dimensions by the 
specimens of plastics after removal from 
the chemical reagents are presented in 
Table III. The values indicate the per- 
centage changes from the original condi- 
tion of the specimens after they had been 
removed from the reagents and exposed 
for 4 weeks at 25 C. and 50 per cent rela- 
tive humidity. In many instances nega- 
tive values are observed which can be 
attributed to the removal of a portion of 
the plastic composition by the chemi- 
cal reagent. This is particularly pro- 
nounced for cellulose acetate plastic, 
from which plasticizers were apparently 
leached. 

Comparison of the data in Tables Il 
and III will reveal that for some mate- 
rials the absorption of the chemical 
reagent over the 7-day period was nearly 
balanced by the removal of soluble con- 
stituents from the plastic. Thus, for 
cold-molded, phenolic plastic the gail 
in weight during 7 days immersion in 4 
5 per cent solution of acetic acid was 
only 0.2 per cent, but the weight of the 
plastic 28 days after removal from the 
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reagent was 1.1 per cent less than the 
original weight. Likewise, for cold- 
molded bituminous plastic the 7-day 
gain in weight in 3 per cent sulfuric acid 
was only 0.09 per cent, but the weight 
28 days after removal from the reagent 
was 4.3 per cent under the original 
weight. Hence, it is obvious that unless 
the weight is determined after recondi- 
tioning in air, a false impression may be 
gained regarding the effect of chemicals 
on some plastics. 

Information regarding the physical 
appearance of the plastics after immer- 
sion in the various chemicals is pre- 
sented in Table IV. Many evidences of 
attack not revealed by changes in weight 
or dimensions are listed in this table. 
Various specimens illustrating the effects 
produced by the reagents were selected 
for photographing. ‘These are shown in 
Fig. 1. Edge discoloration of the paper- 


base laminated phenolic plastic, de- 
lamination of the urea-formaldehyde 
specimen, warping of the vinyl butyral 


and casein materials, and pronounced 
shrinkage of cellulose acetate plastic 
when dried after immersion in certain 
reagents are among the phenomena 
illustrated. 

A final word of caution may be desir- 
able in order to avoid misinterpretation 
of the information contained in Tables 


II, III, and IV. Effects which do not 
become prominent in a 7-day immersion 
period or a subsequent 4-week recondi- 
tioning period may under conditions of 
service bring about relatively rapid 
deterioration of the plastics. This js 
particularly true for the plastics im- 
mersed in strong acids. Thus, although 
cellulose nitrate plastic is indicated as 
unaffected by the 7-day immersion in 
sulfuric, hydrochloric, and nitric acids, 
the presence of the free acid in this 
plastic will accelerate its decomposition. 
Another precaution to be observed is in 
using the data for guidance in applica- 
tions involving contact successively with 
various chemical reagents. Cellulose 
nitrate plastic is relatively unchanged in 
appearance by a 7-day contact with 10 
per cent nitric acid and carbon tetra- 
chloride, respectively. However, if the 
sample of cellulose nitrate which has 
been dried in air for 4 weeks after im- 
mersion in 10 per cent nitric acid is kept 
for 7 days in carbon tetrachloride, it 
swells, develops blisters, and becomes 
markedly discolored. Although this is 
an extreme example, it illustrates the 
difficulties that may be encountered 
unless adequate tests are made with 
plastics under the actual conditions to 
which they will be subjected in service. 
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J. H. Apams.1—The plastics in- 

dustry is indebted to the authors for 
calling attention to the need for chemical 
resistance tests. We have given much 
thought to measuring mechanical and 
electrical properties, and so forth, but 
very little, relatively, to chemical proper- 
ties. There undoubtedly are big mar- 
kets where chemical resistance is a 
requisite, which may be had for plastics, 
if we know enough about what they will 
do. This test is a big step towards 
determining which plastics are entirely 
unsuited for such uses. I think, how- 
ever, we need to go much beyond that. 
After we have eliminated those that are 
obviously unsuited, we still need to 
know whether those that are left are good 
enough, and that is a much larger 
problem. 

This matter of chemical resistance is a 
very large problem indeed. We have all 
these various reagents, and various ma- 
terials to consider; we have questions of 
temperature of exposure; we have ques- 
tions of alternate wet and dry exposures; 
we have questions of how the plastic is 
fabricated, all of which enter in. It is 
quite a problem to get straightened out, 
and I should like to take this oppor- 
tunity to direct your thought toward 
establishing a few fundamentals in this 
big sea of needed information. It seems 
to me the base line we need is to deter- 
mine which reagents will be entirely 
destructive to plastics—that is, what 
sort of reagents, if exposure were con- 
tinued, would in time destroy the plastic. 


1 Department Head, In Charge of Inspection Dept., 
Bakelite Corp., Bound Brook, N. f' 


DISCUSSION 


We need to identify and classify those 
which may not be continuously destruc- 
tive, but may come to some maximum, 
and to know about how long it is going 
to take, about how far and along what 
lines they may go in their destructive 
action. 

These are facts which we need for a 
base line in order that we may develop 
accelerated tests. Unless we know about 
what will happen with long time, we will 
not know what we are trying to measure 
in a short time. 

What I am trying to stress is that 
work should be directed toward finding 
out which sort of reagents will go on 
destroying the plastic indefinitely, and 
which will reach a maximum, and then 
I think work should be directed toward 
finding out what observations are re- 
quired to judge attack, and how various 
observations may be related. For ex- 
ample, what is the significance of weight 
change? After all, we are not particu- 
larly concerned whether a plastic object 
gets heavier or lighter. We are con- 
cerned with whether it is still serviceable, 
whether it is still as strong, whether it 
retains other properties that we may 
want. 

In regard to weight change, I think we 
should be particularly conscious of the 
need for starting with some fixed base ol 
moisture content, because plastics do 
absorb and lose moisture, and weight 
changes are affected by initial moisture 
contents. 

Then there is the question of appear- 
ance. Appearance is sometimes taken 
as very indicative. Well, appearances 
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can be very deceiving, unless it is appear- 
ance that we are concerned with. 

Then there is the matter of strength or 
other physical properties. In strength 
tests, drying out may be quite a factor. 
That is, the material when it is wet may 
not have lost much strength, but depend- 
ing upon how it is dried out, it may lose 
considerable strength in its relation to 
weight. Whether it is dependent on 
weight changes is a very important 
thing to establish. 

I think if everyone working on this 
problem would try to picture it in this 
way of establishing fundamental facts 
about chemical resistance, we could 
arrive at very good ways of evaluating 
plastics. 

Mr. S. J. Roscu.2—I was struck by 
what Mr. Adams said. If I understood 
Mr. Adams correctly, he said that before 
we set up accelerated aging tests, we 
should get an idea of what is going to 
happen to the material in service over a 
long period of time. How are you going 
to do that without waiting say, ten or 
fifteen years? How are you going to set 
up an end point? We must set up ac- 
celerated tests, so as to try to anticipate 
what is going to happen at the end of 
ten or fifteen years. 

Mr. ApAMS.—That is very true. But 
lam trying to take the long-time view of 
this. That is, let us not go on making 
accelerated tests without planning to 
fnd out what the long-time answer is 
going to be. Let us keep in mind, that 
if temporarily we have to make accel- 
erated tests, let us at the same time see 
that long-time tests are started, so that 
eventually we will know whether they 
do agree. Somehow the knowledge has 
to be gotten as quickly as it can as to 
what long-time effects are going to be. 

Mr. Donan L, frequently 

*Manager, Insulated Products Development, Ana 
conda Wire and Cable Co., Hastings-on-Hudson, N. Y. 


Midland, The Dow Chemical Co., 
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has been said that the tests approved by 
the A.S.T.M. are for referee purposes, 
implying thereby that they do not have 
practical application. This, however, 
is not true, since the referee test is, of 
itself, a practical thing. The proposed 
test for chemical resistance has definite 
practical significance in that it tends to 
narrow down the field which an investi- 
gator need cover in determining whether 
a given plastic is suitable for a proposed 
application. 

It is impossible, in outlining a test of 
this kind, to cover all the contacts into 
which a plastic might come in service. 
For example, it is easily conceivable that 
one of the prime requisites for a plastic 
steering wheel might be resistance to 
perspiration. In this case, the chemical 
is not of a specific nature or definite 
concentration, since it is highly probable 
that the perspiration of one individual is 
not identical to that of another. In the 
case of plastic dentures, the action of the 
mouth fluids in many cases has a dele- 
terious effect. Unfortunately, however, 
the conditions in one mouth cannot be 
taken as representative of those in all 
mouths; but this truly is a case in which 
chemical resistance is of prime im- 
portance. 

A type of chemical resistance which 
has not been considered in this test, and 
might be of interest, is the resistance of 
plastics to lacquers or of plastics to 
plastics, since it is a well-known fact that 
migration of plasticizers and color fre- 
quently occur from one of these materials 
to the other. 

Closely allied to the resistance of 
plastics to chemicals is the resistance of 
chemicals to plastics. It is conceivable, 
for example, that a plastic which is ap- 
parently unattacked by sulfuric acid of 
battery strength may so affect the bat- 
tery acid as to impair the efficiency of 
the unit. ‘This is the type of thing that 
could not be determined in the average 
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laboratory by the type of chemical re- 
sistance test which has been proposed, 
the use being so specifically technical 
that probably only the battery manu- 
facturer himself would be in a position 
to measure accurately the effect of such 
contact. In a similar type of applica- 
tion the effect of the plastics on the con- 
tact material might easily be confused 
by its ability to absorb the material in 
which it was suspended. For example, 
plastics used on plating hooks in electro- 
plating baths might transfer from one 
bath to another the chemicals with 
which they were last in contact, and so 
poison the bath as to render it ineffective. 

It is unfortunate that tests cannot be 
devised which will immediately deter- 
mine the effect of given chemicals on 
any plastic after prolonged exposure, 
say 8 to 10-yr. contact; but the test 
which has already been proposed does 
provide a practical method for compari- 
son and elimination and makes it pos- 
sible for a user to determine, in a pre- 
liminary way, the probable suitability 
of available materials. 

Mr. J. C. Pitzer.*—Mr. Kline and 
his coworkers have performed a com- 
mendable piece of work in this initial 
presentation on the chemical resistance 
of plastics. I should like to give just 
one word of caution to that person who 
may consider plastics in chemical appli- 
cations, and that is this: 

Plastics does not refer to a definite 


‘Chemical Engineer, The Formica Insulation Co., 


Cincinnati, Ohio. 
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composition of material, and the pro- 
ducer of plastics may very readily modify 
a product to the extent that it may not 
in the initial trial be satisfactory, but 
with certain modifications be entirely 
satisfactory for the application. 

To that end, I want to point out one 
example—phenolic laminated material 
made with an asbestos filler. With an 
ordinary asbestos cloth filler, the product 
is very unsatisfactory in sulfuric acid 
applications; yet the same phenolic resin 
impregnated on suitable cellulose paper 
has been found to be entirely satis- 
factory. 

If the first trial you perform with a 
plastic is not satisfactory, go to the pro- 
ducer, tell him the results of your first 
trials and ask him to submit another 
material. 

Mr. G. M. Kiine.6—I want to thank 
these gentlemen for their comments. 
I think they have expanded on the 
thoughts that were stressed in the paper, 
as to the need of caution in interpreting 
the results of chemical resistance tests. 

In conclusion, I am reminded of a 
quotation from Shakespeare that might 
be considered in developing these test 
methods. Slightly modified, it runs: 

. that but this ‘test method’ 
Might be the be-all and the 
end-all here.” 

But unfortunately, I do | not think we 
will ever reach that stage. — 


5 Chief, Organic Plastics Section, National Bureau 
Standards, Washington, D. C 
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SYMPOSIUM ON PROBLEMS AND PRACTICE IN DETERMINING 
STEAM PURITY BY CONDUCTIVITY METHODS 


INTRODUCTION 


By R. E. Hatt! 


The comprehensive array of purifiers, 
baffles, washers, and separators, which 
has been applied to the separation of 
boiler water from steam, and the inten- 
sive efforts which have wrought their 
development, convincingly manifest the 
tremendous importance which attaches 
to purity of steam—rightly so, too, since 
the efficiency of the turbine is directly 
dependent thereon. To establish the 
criteria by which these developments 
could be evaluated, methods of measur- 
ing the purity of steam necessarily have 
undergone thorough revision and refine- 
ment. In this process, the determina- 
tion of steam purity by the electrical 
conductivity method has quite generally 
replaced the older procedures. 

Why this is the case becomes readily 
apparent when the electrical conduc- 
tivity and the throttling-calorimeter 
method are compared. 

The throttling calorimeter commonly 
used is essentially a device for measuring 


6T 
the Joule-Thomson coefficient (7) 
h 


of commercial steam over the pressure 
range P saturation P atmospheric: By com- 
parison of the data so secured with those 
on dry steam which comprise our steam 
tables, a result is derived which repre- 
sents the percentage of moisture in the 
commercial steam. 

As Kleinschmidt (31)? has pointed out, 


‘ Director, Hall Laboratories, Inc., Pittsburgh, Pa. 


the Joule-Thomson coefficient is a very 
sensitive means of computing steam prop- 
erties, and even where large differences 
exist between individual sets of deter- : 
minations of the coefficient and between 


the computed values of enthalpy, etc., 


various empirical formulations thereof, _ 


appearing in steam tables of various 
authorship, differ in much smaller pro- 
portion. When, however, the quality of — 
steam is eomputed from a comparison of 
the data from the throttling calorimeter 
with the steam tables or Mollier Dia- 
gram, the computations of the compiler 
thereof are in effect reversed. Hence, 
there will be included in the result all 
the error resulting from not following the 
elaborate precautions taken in the com- 
pilation of the tables, among them, elim- 
ination of such sources of error as back 
pressure in the calorimeter, kinetic 
energy in the steam passing over the 
thermometer bulb, thermometer calibra- 
tion, and even loss of heat from the > 
calorimeter body and connecting piping. | 
The unavoidable lack of precision in such 
procedure is an understandable reason — 
why for decades “commercially dry . 
steam” was considered to contain 1 to 2 
per cent moisture when in fact it may — 
have been dry or nearly so. In fact, all — 
calorimetric determinations which indi- 
cate a practically unvarying percentage ~ 
of moisture of more than a few tenths, 
2 The boldface numbers in parentheses refer to the re- 


ports and papers appearing in the bibliography appended — 
to this symposium, see p. 1338. 
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infer strongly that the apparent moisture 
content is really a measure of the inac- 
curacy of the calorimetric method. 
Further, in view of the fact that the same 
data compared with different modern 
steam tables yield quality figures dif- 
fering by tenths of a per cent, what hope 
is there that the test engineer in a boiler 
plant can determine the magnitude of 
the Joule-Thomson effe¢t with sufficient 
accuracy to make his results worth while? 
Only one technique will yield satisfactory 
results; the calorimeter must be stand- 
ardized in situ by operating it and the 
boiler under such conditions that it is 
known the steam entering it is dry. 
This is the method recommended by The 
American Society of Mechanical Engi- 
neers in its Power Test Code, Series 
1929, Part II. Thus calibrated, a 
calorimeter should yield data which can 
be relied upon to indicate the quality of 
the steam entering the sampling nozzle 
to within 0.1 per cent or so. Without 
such calibration, results are meaningless. 

Furthermore, as Markson and Olsen 
point out in their recent article on ““The 
Flashing Calorimeter,” (36) ‘“The throt- 
tling calorimeter becomes theoretically 
useless at pressures in excess of 1800 Ib. 
absolute. As a practical matter, the throt- 
tling calorimeter decreases in usefulness 
once the pressure of 575 lb. is passed, 
because of decreasing enthalpy of the 
vapor.” 

The calorimeter determines moisture 
in steam; only indirectly, either by 
analysis of the condensed steam or by 
reference to the composition of the boiler 
water, does it give the value of the solid 
constituents in the steam. More re- 
cently, the tendency—perhaps the rule— 
is to place the emphasis on the cleanli- 
ness of the steam. Just as soon as the 
criterion of steam quality is made, not 
percentage of moisture, but parts per 
million of foreign constituents, the direct 
estimation of the latter by the electrical 
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conductivity or - other method must 
supersede in value its indirect estimation 
from the moisture percentages of the 
calorimeter. The accuracy and adapt- 
ability of the electrical conductivity 
method, combined with its rapidity of 
measurement and the ease of automati- 
cally recording the results continuously 
over considerable periods of time, have 
given the method well-justified popu- 
larity and widespread use. Thus, be- 
cause of its lack of precision and its 
indirect measurement only of solid con- 
stituents, the calorimeter has become 
outmoded. 

For certainty that the accuracy of the 
electrical conductivity method will be 1 
ppm. or less of contaminating solids, a 
number of factors must be given careful 
consideration. While further improve- 
ment and development will undoubtedly 
ensue, this symposium has for its pur- 
pose the summation and critical evalua- 
tion of those principles which are 
pertinent to the method, discussion of 
which has until now been scattered 
through the reports of a considerable 
number of investigations. 

On one point, that of the derivation of 
the sample from the flow of steam in its 
main, the A.S.M.E. method as described 
in Power Test Code, Series 1929, Part 
II, has stood the test of time. But as 
soon as any condensation begins, ac- 
curacy demands that the composition of 
any sampling connections and containers 
in contact with the steam or its conden- 
sate shall be carefully chosen in order 
that dissolution thereof shall not change 
the resistivity or conductivity of the 
sample under consideration. This phase 
is discussed by Belyea and Moody. 

The quest in the conductivity meas- 
urement is to determine the solids in the 
steam. It is, therefore, essential that 
the effect of any other components such 


3 See p. 1264. 
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as gases which dissolve in its condensate 
and increase its conductivity, shall 
either be removed or corrected for. The 
subject of correction for these gases has 
received considerable attention, and 
represents one main line of attack on this 
problem. This phase is discussed in two 
papers, the first by Whirl and Lower,' 
and the second, by McKinney.5 

| It is highly desirable, however, that 
; the direct reading of the conductivity 
; meter shall represent without correction 
the conductivity contributed by the 


, solids only. This is especially true 

where the conductivity measurements 
e are recorded on charts hour after hour. 
{ Great effort is being made to contrive 
a means whereby contaminating gases will 
i be removed from the sample automati- 


4See p. 1277. 
5 See p. 1285. 
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cally before its entry into the conductiv- 
ity cell, whereupon the reading of the 
conductivity meter will represent di- 
rectly the amount of contamination by 
solids in the sample. Quite different 
methods of approach to this problem are 
presented in the papers by Place® and 
Mumford,’ respectively. 

Finally, with wide scope of conduc- 
tivity equipment to choose from, judg- 
ment must be used in the selection of an 
instrument appropriate for an intended 
application with emphasis, but not over- 
emphasis, upon refinement of measure- 
ment, lest the worship of precision dwarf 
the attention given to the interpretation 
and meaning behind the measurement. 
Kaufman presents this phase of the 
symposium program.*® 

6 See p. 1302. 


7 See p. 1314. 
8 See p. 1326. 


Wo) 


INTRODUCTION BY HALL 
r- 
‘ 
le 
of 
en- 


THE SAMPLING OF STEAM AND BOILER WATER 


By A. R. BELyEA! AND A. H. Moopy! 


— 


SYNOPSIS 


The principles of representative sampling as applied to the sampling of 
steam and boiler water are reviewed. The extension of steam temperatures 
and pressures to higher values in modern steam boiler and turbine design 
imposes stricter requirements in the sampling of steam and boiler water, 
especially as regards accuracy of sampling and freedom from traces of con- 
tamination from sampling equipment. 
sample containers must preserve the integrity of the sample by suitable 
Metals and alloys for this purpose are 
discussed from the standpoint of corrosion resistance in the presence of the 
chemical impurities in the steam, boiler waters, and cooling water. 


choice of materials of construction. 


Modern high pressure boilers are char- 


acterized by complex design, small ratio 
of boiler water capacity to rate of steam 
release, and rapid steaming rates, re- 
sulting in sensitiveness, as regards carry- 
over, to small changes in concentrations 
of chemical constituents in the boiler 


water. Modern turbines are character- 
ized by reduced size per unit of electrical 
output and are sensitive, as regards blade 
deposits, to very small concentrations of 
soluble and insoluble solids in the steam. 
These developments have brought about 
refinements in testing methods to meet 
demands for closer limits of operation 
and more accurate control. The grow- 
ing value of the use of hydrogen ion 
concentration and conductivity measure- 
ments has emphasized the need for care- 
ful sampling practices to insure the 
maximum accuracy obtainable. The 
importance of a properly representative 
sample, free from contamination, can- 

1Chemical Engineer, and Chemist-in-Charge, respec- 


tively, Consolidated Edison Company of New York, Inc., 
New York, N. Y. 


Sampling lines, cooling coils, and 


not be overstressed, since all subsequent 
analytical determinations and their in- 
terpretations can be no better than the 
sample itself. 

In the sampling of steam and boiler 
water, obtaining a properly representa- 
tive sample implies: 

1. Proper choice of sampling locations. 

2. Withdrawal of sample at the chosen 
locations in a proper manner. 

3. Bringing the sample, without con- 
tamination or loss of integrity, from 
elevated temperature and pressure to 
atmospheric pressure and a temperature 
suitable for analysis. 

4. Collecting sufficient volume of sam- 
ple for ensuing analytical determinations. 

5. Collecting samples with sufficient 
frequency to accurately gage changing 
conditions within the container from 
which the sample is taken. 

6. Storing the sample prior to analysis 
in such a manner as will safeguard 
against change in the particular proper 
ties to be determined. 
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CHOICE OF SAMPLING LOCATIONS 


The point of sampling must be chosen 
with extreme care and with a clear 
understanding of the purpose of the 
sample and the use to be made of the 
test results. Selection of sampling 
points should not be undertaken without 
a thorough knowledge of the operation 
and functions of the equipment from 
which the sample is to be taken. In 
modern boilers of high capacity and 
high pressure the rapid throughput of 
feedwater and the complicated circula- 
tion during operation make it advisable 
to conduct a survey of the boiler by 
taking samples at many points in order 
to determine the proper point or points 
to obtain a sample that will furnish the 
desired information. Such a_ survey 
should be of sufficient duration to ade- 
quately average the effect of load 
changes (16).? 

For example, a perforated pipe in- 
serted lengthwise in a boiler drum or 
collecting header for collecting an “aver- 
age” sample will often draw steam prefer- 
entially from the perforations nearest 
the header or drum shell. Baker (3), in 
a study of mechanical purification of 
steam within the steam release drum of 
a 1400-psi. boiler, found the steam to be 
of varying degrees of purity along the 
length of the drum; eight sampling 
points were used in this case. 


OBTAINING A REPRESENTATIVE SAMPLE 
OF STEAM 


The sampling of steam may be con- 
sidered as the sampling of a gaseous fluid 
containing liquid or solid particles or 
both. A representative sample of such 
4 fluid must contain the same ratio of 
number and size of particles to fluid as 
exists in the container or main that is 
being sampled. Hence when sampling 
"?The boldface numbers in parentheses refer to the re- 


ports and papers appearing in the bibliography appended 
to this symposium, see p. 1338. 


steam in motion, as in mains, it is neces- 
sary to extract the sample at the same 
linear velocity as the steam passing the 
sampling point (27). It is preferable to 
insert the sampling nozzle into a vertical 
straight run of pipe some distance from 
any bend or fitting in order to minimize 
the effects of possible stratification. If 
the stream to be sampled is not uniform 
due to stratification, more than one 
sampling point may be advisable. 


A.S.M.E. Power Test Codes (13) give the. 


principles of application and location of 
sampling nozzles in connection with 
steam calorimetry. Their standard noz- 
zle has been criticized and alternative 
types suggested (43, 39, 62). 


OBTAINING A REPRESENTATIVE SAMPLE 
OF BoILER WATER 


Developments in the modern steam 
boiler have placed more stringent re- 
quirements on sampling procedure for 
boiler waters. General experience has 
been that with higher rates of evapora- 
tion the concentrations of salines and 
especially of residual treating chemicals 
must be carefully controlled within 
narrow limits to avoid carry-over. As 
in the case of steam sampling, the with- 
drawal of the boiler water sample from 
the selected point or points must be 
performed in such a manner as to insure 
the same ratio of solids to liquid in the 
sample as in the fluid being sampled. 
Sufficient sample water must be dis- 
carded or discharged overboard at the 
start of collection so that any stagnant 


water in the lines or at the point of | 


sampling is disposed of prior to sample 
collection. This is especially necessary 
if appreciable quantities of suspended or 
insoluble solids are present which may 
settle out at or near the sampling point. 
It is also advisable to do likewise in the 
case of new sampling nozzles and lines, 
as many of the commonly used metals 
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develop protective interior surface coat- 
ings on initial contact with boiler water, 
and this reaction should be completed 
prior to actual sample collection where 
extreme accuracy is required. 

A metal filter may be inserted at the 
point of sampling if it is desired to 
remove the insoluble solids from the 
boiler water before cooling. This may 
be necessary to avoid reaction between 
insoluble solids and the boiler water 
while the sample is being cooled and 
collected or to avoid atmospheric con- 
tamination during laboratory filtration 
by ordinary methods. Collins and 
Schroeder (6) indicate the extent of 
change in the character of boiler water 
samples caused by atmospheric con- 
tamination and describe a copper screen 
filter for use at the boiler sampling point. 

A.S.T.M. Tentative Methods of Samp- 
ling Plant or Confined Waters for In- 
dustrial Uses (D 510 —- 40 T)* should be 
consulted for accepted sampling prac- 
tice. General directions for sampling 
water in a stationary boiler are given in 
American Public Health Association 
standards (55). ‘A comprehensive dis- 
cussion of the factors involved is given 
in the reports of members of the Joint 
Research Committee on Boiler Feed- 


water Studies sponsored by the A.S.T.M. 


and other societies (49, 50, 6, 42). 


SAMPLING LINES 


The choice of materials for construc- 
tion of sampling lines must take into 
account the pressures and temperatures 
involved, to avoid structural failure. 
Except for strongly acid or alkaline 
waters, chemical considerations are not 
so pronounced, since in most instances 
time of contact of the sample and samp- 
ling line can be minimized through 
judicial choice of rate of flow and di- 


3 1940 Supplement to Book of A.S.T.M. Standards, Part 
III, p. 523. 
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ameter of line. On the other hand, the 
sampling lines will operate generally at 
a continuously higher temperature than 
those parts of the sampling equipment 
in contact with cooling water, so that any 
progressive chemical reaction will be 
more rapid due to the higher tempera- 
ture. As a generalization, the use of 
the same material for sampling lines as 
is used for the container from which the 
sample is being withdrawn is permis- 
sible, provided contact times are short. 
In many instances the metal or alloy 
chosen for the sampling line is based on 
the choice for cooling coil construction. 


CooLInG CoILs 


In bringing the sample to pressure and 
temperature conditions suitable for stor- 
age and analysis, the prevention of con- 
tamination is of major importance where 
conductivity measurements are to follow, 
as relatively small concentrations of 
dissolved gases or metallic ions may in- 
troduce appreciable errors in the deter- 
mination. Hence the corrosion resist- 
ance of metals and alloys suitable for 
construction of sampling lines and cool- 
ing coils is a major consideration in 
modern sampling practice. 

The cooling coil must handle the 
quantity of sample decided to be neces- 
sary; reduce the temperature of the 
sample, generally to room temperature; 
and discharge the sample at a lower 
pressure, usually atmospheric. It is not 
within the scope of this paper to present 
any standard design of cooling coil or to 
specify the physical dimensions of such 
cooler for a given quantity of heat ab- 
sorption. The amount of heat-absorb- 
ing surface required will vary with the 
temperature and velocity of the sample 
water or condensate and the temperature 
and rate of flow of the cooling water, 4s 
well as with the design of the coil. 

In considering corrosion resistance for 
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cooling coil service, not only the nature 
of the condensed steam or boiler water 


must be considered but the nature of the 


cooling water as well; the latter may be 
the controlling factor governing the 
selection of materials. A common de- 
sign of cooling coil consists of two tubes, 
one within the other (18). The cooling 
water enters the outer tube at the bottom 
and leaves at the top, completely sur- 
rounding the inner tube at all points. 
The hot test sample enters the top of the 
inner tube and leaves at the bottom. 
While there are slight modifications of 
the foregoing design between coils sup- 
plied by manufacturers, such as the use 
of tube and shell instead of two tubes, 
the principle of counter current flow is 
usually employed. 

On the sample side of the coils we may 
have the following in contact with the 
metal: 

1. Boiler waters, containing small 
amounts of oxygen, ammonia, and other 
dissolved gases; insoluble carbonates, 
sulfates, and phosphates of calcium, iron, 
and magnesium; soluble chloride, car- 
bonate, bicarbonate, sulfate, sulfite, sili- 
cates, hydroxide, and phosphates of 
sodium; tannin, starch, and a variety of 
other chemical compounds. 

2. Condensed steam, containing small 
amounts of carbon dioxide, oxygen, am- 
monia, and other gases; and liquids and 
solids from boiler water, as enumerated 
in the preceding paragraph. 

The boiler waters will almost always 
be alkaline, usually above pH 9.0, while 
the steam condensate may be acid due 
to dissolved carbon dioxide, or alkaline 
due to boiler water carry-over. Tem- 
peratures to 950 F. and pressures to 
2300 psi. may be encountered; pressures 
to 3200 psi. are in prospect. 

On the cooling side of the coils the 
following types of water may be met: 

1. Good city water, or good conden- 


sate, containing but small amounts of 
carbon dioxide and oxygen: 

2. Poor city water, containing tem- 
porary hardness due to carbonates and 
bicarbonates of calcium and magnesium. 

3. Industrial fresh water from wells, 
streams, and similar sources, containing 
carbon dioxide dissolved or chemically 
combined, dissolved oxygen, hardness, 
sand, algae, and sewage. This type of 
water may be acid due to industrial 
wastes or organic acids or may be high 
in ammonia and proteins. 

4. Brackish water, such as tide water, 
consisting of fresh and salt water in 
varying proportions and corresponding 
proportions of impurities of industrial 
fresh water and salt water. 

5. Salt water, containing dissolved 
gases such as oxygen; chlorides, sulfates, 
carbonates, and bicarbonates of sodium, 
potassium, calcium, and magnesium; 
algae; and sewage. 

The temperature of the cooling water 
may be from 32 F. upwards. Pressures 
normally will not exceed 100 psi. 

In considering metals for the fabrica- 
tion of cooling coils to operate under the 


foregoing general conditions, a wide — 


variety of useful corrosion-resistant 


metals and alloys is available for choice. 
The problem is to select the material 
that best meets the particular set of 
conditions confronting the user with 


regard to corrosion resistance, physical 


properties, and cost. 
discussion is intended to summarize 
readily available information on corro- 


The following 4 


sion resistance of metals and alloys con-. 


sidered suitable for cooling coil fabrica- 
tion: 

A comprehensive series of tables on 
composition and properties of corrosion- 


resistant and heat-resistant metals and 
alloys were published by the Society in 


1924 and 1930 (66). The data given 


therein furnish an excellent starting 
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point. This has been supplemented by 
subsequent published data, advices from 
manufacturers, and experiences of users 
of various types of coils. 

There is no generally resistant metal 
or alloy unaffected by attack of a corro- 
sive nature. Only the rarer, more ex- 
pensive metals show resistance to corro- 
sion under a wide range of circumstances, 
and even gold and platinum are subject 
to attack under certain conditions. 
Certain alloys, however, are especially 
suited for certain imposed situations, and 
certain of the common metals and alloys 
may form self-protective films in suit- 
able media thus maintaining effective 
corrosion resistance (64, 65). It is a dan- 
gerous procedure to make an unqualified 
prediction as to the action of various 
chemicals on any particular metal or 
alloy; service tests under actual condi- 
tions are the final proof of the perform- 
ance of the material. It would be im- 
practical and entirely misleading to at- 
tempt to tabulate all the metals and 
alloys as to their ability to withstand 
the action of all chemicals and concen- 
trations that might be encountered in 
the waters of sampled steam, boiler 
water, and cooling water. It is possible, 
however, to point out the generally re- 
sistant properties of certain of the more 
common metals and alloys and to denote 
under what environment they have 
shown satisfactory characteristics. In- 
quiries regarding applications of newer 
alloys should be addressed to the tech- 
nical departments of producers of these 
alloys, with full and detailed information 
of the conditions of service and waters 
so that if suitable information is not 
available service tests may be made. 
In any case, the producer of a given 
metal or alloy should be consulted for 
details of physical properties of the 
products under consideration. 

The following paragraphs provide a 
very general discussion of the relation 


between the sampling of steam and 
boiler water and the corrosion-resistant 
properties of iron and steel, including 
stainless steels; copper, brasses, and 
bronzes; nickel and monel; aluminum: 
tin and rare metals. 


Iron and Steel: 


Iron and steel are commonly used in 
the sampling of steam and boiler water 
where pressures and temperatures in- 
volved are low, limits of boiler water 
constituents are wide, and accuracy of 
tests is nominal. As greater demands 
are placed on sampling in the higher 
pressure and temperature range, iron 
contamination cannot be permitted, and 
ferrous alloys and non-ferrous alloys and 
metals are utilized. 


Stainless Steels: 


Stainless steels find wide application 
where corrosion resistance is a requisite 
(11, 17). It is generally agreed that this 
freedom from corrosion is due to the 
formation of a protective surface film, a 
product of reaction between the metal 
and a corroding medium. Both nickel 
and chromium, the major alloying ele- 
ments with iron to produce stainless 
steels, have the same property of de- 
veloping surface passivity. Increasing 
corrosion resistance is obtained in the 
case of chromium steels by increasing 
the chromium content. 

Stainless steels find successful applica- 
tion in cooling coils for high-pressure 
boilers in the sampling of steam and 
boiler waters. Their generally high 
corrosion resistance to the impurities in 
boiler water and steam provides a very 
pure uncontaminated sample for high 
accuracy measurements. On the cooling 
water side, some of the stainless steels 
may show pitting especially where salt 
or brackish waters with industrial wastes 
are encountered. Even in these cas¢ 
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the manufacturer may be able to pro- 
vide a stainless steel modified by the 
addition of small amounts of silver, 
molybdenum, copper, or other elements 
to meet the necessities of the situation. 
The various producers of this group of 
alloys have considerable technical in- 
formation concerning their products, and 
consultation with their technical repre- 
sentatives is recommended prior to 
drawing up specifications for stainless 
steel for the sampling of steam and 
boiler water for a particular installation. 
The use of stainless steel for the sampling 
of steam and boiler water has been re- 
ported in the technical literature (29, 46, 
58). 

Copper and Copper-Base Alloys: 


Copper finds a very frequent applica- 
tion in cooling coil construction because 
of its generally acceptable corrosion re- 
sistant properties coupled with its ease 
of being fashioned into tubular coils 
(75, 8). Copper owes its corrosion re- 
sistance to the formation of a very thin, 
very tenacious film of cuprous oxide 
(22). In contact with solutions capable 
of preserving or reforming this film 
copper shows remarkable resistance. 
Consequently it is able to resist oxygen- 
bearing steam condensate. On the other 
hand, carbon dioxide and ammonia, two 
common constituents in steam, can act 
as active corrosion agents with respect 
to copper (51). Copper sampling lines 
and cooling coils have been reported as 
satisfactory for sampling steam and 
boiler waters up to a temperature of 
406 F. Contamination of steam samples 
by copper has been observed to con- 
tinuously decrease to a zero or constant 
value at the end of a week as shown by 
measurement of the electrical conduc- 
tivity of the condensed steam (47). In- 
terruptions in the flow of the condensate 
were followed by renewal of the con- 
tamination until considerable flow had 


been reestablished. When sea water 
containing oxygen is used as the cooling 
medium, copper may be superseded ad- 
vantageously by the use of red brass, 
admiralty metal, or aluminum brass as a 
cooling coil material of construction. 
On the other hand, these alloys may be 
subject to dezincification with acid- 
bearing industrial waters. There are 
other available copper alloys with dis- 
tinctive characteristics for special cases. — 


Nickel and Its Alloys: 


Nickel is a relatively noble metal and > 
consequently is but slightly attacked by 
acids, unless accelerated attack is occa-_ 
sioned by the presence of air or oxidizing 
agents. On the other hand nickel has 
the ability to form a passive oxide film 
under certain kinds of attack. Neutral © 
and alkaline solutions including am- © 
monia are well resisted by nickel so that 
satisfactory service may be expected 
with most cooling waters and with neu- 
tral or alkaline boiler waters and steam 
condensate. Cooling water containing 
acid industrial wastes or acid mine 
waters should be questioned for use © 
with nickel. Carbonated water may 
show some attack on nickel so that | 
caution must be used in selecting nickel 
when steam samples are liable to contain 
carbon dioxide. 

Monel metal, an alloy of copper and © 
nickel, possesses ability to vind 
corrosion by many media, being more 
resistant than nickel under reducing 
conditions and more resistant than cop- 
per under oxidizing conditions. Monel. 
may be used for steam and boiler water 
generally. Its susceptibility to sulfur- 
ous acid makes it advisable to determine | 
its resistance to boiler waters containing 
sulfite before use in sampling equipment 
for same. Since monel is resistant to_ 
hard and soft natural waters, sea water, 
and distilled water, trouble would not 
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be expected on the cooling side of the 
coil except where sea water is allowed to 
remain stagnant in contact with the 
monel metal. Monel is not highly re- 
sistant to most oxidizing acid salts and 
where cooling water is contaminated 
with industrial wastes it may be in- 
compatible. 


Aluminum: 

The stability of aluminum, a metal 
which is very active chemically, depends 
upon the formation of a very thin ad- 
herent coating of aluminum oxide. 
Aluminum has been used to handle steam 
and distilled water, but it may not be 
prudent to use this metal with waters 
having alkalinities much above pH 8.0. 
A maximum temperature of 400F. is 
considered the limit when using alumi- 
num with steam and hot water. Am- 
monia solutions do not ordinarily attack 
aluminum unless other salts or alkalis 
are present. It should not be used where 
salt or brackish water is used for cooling. 
Highly alkaline boiler waters could not 
be handled successfully by aluminum 
cooling coils. In general, it would be 
highly desirable to establish the suit- 
ability of aluminum by means of service 
tests under like conditions prior to use. 
Aluminum alloys are available, formu- 
lated to provide definite properties 
superior to the metal itself. The pro- 
ducers of these alloys are the best source 
of data on their specific properties. 

Tin: 

The use of block-tin condensers has 
long been established for condensing 
distilled water of high purity. Applica- 
tions of tin condensers and tin-lined coils 
in the sampling of steam have been 
reported (47) but the tin linings have 
been criticized as being uncertain in 
their protective action against con- 
tamination (70). Alkaline boiler waters 
were found to dissolve sufficient tin to 
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adversely affect the colorimetric de- 


termination of silica (58). a 


Noble Metals: 


The noble metals such as gold, silver, 
and platinum are relatively corrosion- 
resistant under most conditions of use. 
Their cost precludes normal industrial 
use but recent advances in the technique 
of applying thin coatings of these metals 
to cheap common metals expand their 
availability. It is understood that 
platinum-clad steel is available for 
temperatures as high as 1470 F. No 
instances of this or similar products 
applied to cooling coil construction are 
known to the authors. 


Metal Combinations Used in Cooling Coil 
Construction: 


Where cooling coil construction pro- 
vides for an inner tube within which the 
sample is cooled and an outer tube or 
shell to provide flow for the cooling 
water, it is common practice to use 
copper for the outer tube while the 
selection of the inner tube depends upon 
the nature of the cooling water and the 
sample. Copper, stainless steel, nickel, 
monel, and 70-30 cupro-nickel, are 
commercially available in prefabricated 
cooling coils. Fittings for joining the 
coils to other piping are selected to avoid 
metal-couple corrosion. Metals used 
for fittings in the above cases have been 
bronze, brass, carbon steel, monel metal, 
stainless steel, or cupro-nickel for the 
corresponding service. Naval brass fit- 
tings are considered suitable for use with 
70-30 cupro-nickel. 


Degasifiers: 


The use of degasifiers following oF 
integral with cooling coils is often essen- 
tial in sampling and testing steam con- 
densate; these are not discussed herein 
as they are outside the scope of this 


paper (47, 54, 48, 63). er | 
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VOLUME OF SAMPLE REQUIRED 


The volume of sample collected must 
exceed the sum of the volumes required 
for the total number of tests to be made 
thereon. The individual volumes may 
vary, especially in the case of high-pres- 
sure boilers where the concentrations are 
kept at low levels. Estimates of the 
volume required for each of various 
constituents found in industrial waters 
are given in the A.S.T.M. Tentative 
Methods of Sampling Plant or Confined 
Waters for Industrial Uses (D 510- 
40T).* These are considered as merely a 
guide and are subject to modification 
consistent with directions under methods 
of analysis. 

Apparatus has been developed for the 
continuous recording of such properties 
of the boiler water or condensed steam 
as pH, electrical conductivity, and dis- 
solved oxygen content. Here the sam- 
pling equipment must- provide a con- 
tinuous sample sufficiently cooled and 
especially free from contamination, be- 
cause of the high degree of sensitivity 
of these methods. In general a larger 
volume of sample will be handled in order 
to reduce the time lag occasioned by 
travel of the sample through the sam- 
pling lines and cooling coils to the 
measuring and recording apparatus. If 
the measuring apparatus is designed to 
handle a small volume of sample the 
smaller quantity is drawn off from the 
main sample line by means of a tee 
at a point near the measuring apparatus. 
Short sampling lines and minimum cool- 
ing capacity with location of the measur- 
ing equipment near the point of sampling 
are further expedients to reduce the 
inherent time lag. 


SAMPLE CONTAINERS 


The sample container must preserve 
the quality of the cooled sample, some- 
limes over an extended period of time; 


hence its construction must prevent 
outside contamination and at the same 
time avoid adding undesirable consti- 
tuents by solution from within the sam- 
pling equipment. The requirements for 
sample containers are less stringent in 
respect to high temperature reactions 
and the container is not exposed to the 
attack of the cooling water. On the 
other hand the sample container may be 
exposed to possible attack by slow reac- 
tion of the cooled boiler water or 
condensed steam over a long time, re- 
sulting in the formation of corrosion | 
products which may be sufficiently 
soluble to appreciably contaminate the 
sample, or reducing the concentration 
in the sample of the active corrosion 
agent. 

Choice of material for the sample con- 
tainer will be governed by the nature 
of the water or steam being sampled, 
the nature and extent of the contamina- 
tion by the material, and finally whether 
such contamination can be (1) removed 
subsequently, (2) quantitatively deter- 
mined and correction applied, or (3) 
completely disregarded if proved to 
have no effect on the property being 
measured. 


2 


Materials for Sample Containers: — 


Consideration of the metals discussed — 
for cooling coil construction indicates 
that the same materials may be used for — 
sample containers under similar condi- 
tion of service, with suitable attention — 
paid to the foregoing factors pertaining 
specifically to the containers. 

Ordinary glass may be used as a 
material of construction for the sample 
container in many cases, such as routine 
boiler water samples, where slight attack 
of the sample water on the glass over a 
short time is not harmful. Committee 
D-19 on Water for Industrial Uses has 
recommended for sampling of industrial 
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waters‘ the use of clean, narrow-mouth 
glass bottles; preferably glass-stoppered, 
although new corks may be used. It is 
noted that highly alkaline waters may 
dissolve silica from certain types of 
glass containers. One method of coun- 
teracting this solubility, where silica is 
being determined, is to make the sample 
definitely acid with a known quantity of 
sulfuric or other acid and later to apply 
the necessary corrections. For waters 
or condensed steam having a pH of 6.0 
or over, the bottle glass should be of good 
chemically resistant type. Ordinary 
glass bottles, but not the cork, may be 
coated internally with paraffin to protect 
the sample from the glass. 

The use of tin and tin-lined containers 
for the collection of samples of boiler 
water and condensed steam has been 
reported (70, 56). Ordinary 5-gal. milk 
cans were found to be unsatisfactory 
unless recoated with a heavier tin layer 
and the seams well sealed. Samples of 
condensed steam have been collected in a 
500-ml. silver flask closed with a silver 
stopper but appreciable amounts of silver 
were found in the sample (58). The use 
of platinum will generally be precluded 
by its cost but the development of 
platinum-clad metals may offer the re- 
quisite strength at a lower cost. Hard 
rubber bottles after a short period of 
aging have been suggested as being a 
suitable container for the transportation 
of alkaline boiler waters to avoid the 
use of tin or glass (56). 

Besides the use of pure metals as a 
protective coating, lacquers, varnish, 
paraffin, and other applied coatings may 
offer promise for protection of the base 
metal from corrosion and the sample 
from contamination. It is imperative 
that the coating be continuous, without 
pinholes, and ‘of sufficient thickness to 

4 See Tentative Methods of Sampling Plant or Confined 


Waters for Industrial Uses (D 510- 40T), 1940 Supple- 
ment to Book of A.S.T.M. Standards, Part ITI, p. 523. 
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give suitable life to the coating. Fur- 
thermore, the chemical stability of the 
coating must be established for the 
particular use. Naturally forming coat- 
ings which are self-healing in contact 
with the water are the best form of 
protection. 


CONCLUSIONS» 


The sampling of steam and _ boiler 
water involves common-sense applica- 
tion of basic sampling principles to 
specific local problems. Choice of sam- 
pling locations, methods of sample with- 
drawal, and volume of sample can be 
selected from a clear understanding of 
the reasons for sampling, tests to be 
made, accuracy necessary, and similar 
considerations. Choice of cooling equip- 
ment becomes largely a consideration of 
materials of construction from the stand- 
points of strength, corrosion resistance, 
and degree of sample contamination 
allowable. Available data on metals 
and alloys is not particularly specific as 
regards their usefulness with steam, 
boiler water, and the various types of 
cooling water available. 

Limited available data, plus general 
information on the properties of ferrous 
and non-ferrous materials, indicates that 
stainless steel, copper and copper alloys, 
and nickel and its alloys have definite 
fields of usefulness in the sampling field, 
but a clear knowledge of the chemical 
constituents present in sample and cool- 
ing water is essential to proper choice 
of material, and discussion of the 
potential use with the metal producer is 
considered an advantageous procedure 
to insure correct choice. It is suggested 
that users of cooling coils augment the 
present limited data by publishing their 
experiences in detail and in a uniform 
manner. Such detail should include the 
following: pressure, temperature, and 
chemical composition of the steam oF 
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water sampled; temperature, relative ing of requirements. The obtaining of 


rate of flow, and chemical analysis of 
cooling water; complete chemical and 
physical properties of metals or materials 
of construction; details of design of coils 
and their cooling capacity; type of 
service required of the sampling equip- 
ment. 

Sampling containers may be selected 
in similar manner with a full understand- 


data on the usefulness of the newer 
lacquer type coatings should be con- 
sidered, as these may offer an economical 


means of preparing sample containers. _ 


Other data which would aid in proper — 


selection of coils and containers are the | 


limiting maximum permissible concen-_ 
trations of interfering substances in each 
method of test. 
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DISCUSSION 


Max Hecut' (by letter).—In- 
dustry in general, and Committee D-19 
on Water for Industrial Uses, in particu- 
lar, will evaluate the contribution of the 
authors, for its factual completeness and 
thoroughness of the analysis of the 
problem assigned to them. The writer 
confines himself to the phase of the 
paper that deals with the apparatus re- 
quired for sampling, particularly the 
sampling of the fluid within the pressure 
vessel and pipe lines. 

A rule followed in the sampling of 
finely divided materials in suspension 
is to sample the whole of the stream, 
part of the time; when the various por- 
tions are accumulated and mixed this 
represents a true sample of the entire 
bulk sampled. This rule cannot be 
followed in the sampling of steam or 
water within a pressure vessel, particu- 
larly at elevated pressures and tempera- 
tures. The large size of the modern 
steam generator, and the cross-section 
of the steam offtakes do not lend them- 
selves readily to the insertion of a sam- 
pling tube to secure a representative 
sample. Thus, to approximate the rule 
above stated, a truly representative 
sample may be secured by sampling the 
generator at multiple points along the 
length of the vessel or sampling the 
steam in each offtake where multiple 
offtakes are provided. Hecht (25)? 
shows that concentration of boiler water 
in the drum varies along the length of 
the boiler drum, and concludes that cir- 


1 Adviser, Power Stations Chemistry, Pittsburgh, Pa. 

2 The boldface numbers in parentheses refer to the re- 
ports and papers appearing in the bibliography appended 
to this symposium, see p. 1338. 
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culation of water is largely confined to 
vertical paths. Baker (3) shows that 
the steam purity varies across the boiler, 
and that the poorest quality is found in 
the offtakes located at the center of the 
boiler. Taking these two independent 
observations together, it may be noted 
that steam, as generated, is a hetero- 
geneous mixture of gas and water drop- 
lets. Furthermore it has been stated by 
Cassidy (5) ‘“The actual maximumsteam 
velocity in modern high-capacity boiler 
drums may generally exceed the critical, 
so that any moisture picked up from the 
surface of the water will be carried by 
the steam except at reduced outputs.” 
Cassidy shows the variation in the criti- 
cal velocity of steam with pressure 
(Stokes’ law) in his Fig. 24. The for- 
mula used by Cassidy is discussed rather 
completely by Hall (23). Place? states: 
“... the amount of gases may vary con- 
siderably because the gas carry-over 
from the boiler is not a function of the 
moisture carry-over but rather a func- 
tion of the rate of gas liberation in the 
boiler.” Thus it may be concluded that 
boiler water should be sampled in the 
drum from which the steam is liberated, 
and as close to the normal operating 
water level as is practical, and further- 
more that the steam sample should be 
collected from multiple points within 
the steam drum as close to the steam 
offtakes as is practical. 

The authors point out that a sample- 
gathering pipe having openings of equal 
area wil will select a sample adjacent to 


B§Place, “The of Steam Sample 
for Conductivity Tests,”’ 
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the opening nearest to the container wall. 
(It should be noted that the nozzle 
specified in the A.S.M.E.Test Code (13) 
has openings of uniform area, and has 
been used for steam sampling by some 
of the investigators on the general sub- 
ject of steam quality.) In many cases 
the free flow of steam through the nozzle 
has been restricted and adjusted to 
satisfy the volume requirement for test. 
If the A.S.M.E. Test Code requirements 
are fulfilled as to the free flow of steam 
: to the atmosphere, as specified for the 
t calorimeter test, it is probable that a 
1 representative sample can be secured 
. for the requirements of the electrical 


. conductivity test. Baker (3) appears 
y to have satisfied these conditions by 
n using a number of nozzles, diverting a 
rT part of the steam stream to the atmos- 
, phere, and condensing part of the stream 
e for his conductivity measurements. 
y Other investigators on this subject (men- 
tioned in the bibliography to the papers 
i- included in this symposium?), omit de- 
re tailed information as to steam velocities 
[- in the steam mains sampled, and steam 
er velocities maintained through the sam- 
s: pling nozzle and cooling equipment. 

n- Tubing of small internal area has 
er been suggested in current practice for 
he condensing and cooling coils. Caution 
c- should be observed, in specifying the 
he size of tubing, to avoid linear velocities 
at exceeding the critical, so that extensive 
he dissolution of the metal will not occur. 
d, If excessive velocities above the critical 
ng are maintained and the oxygen content 
er- is low, the protective film on some of 
be the corrosion-resistant alloys may be 
un eroded, thus contaminating the sample.‘ 
am In answer to the authors’ plea for 


operating evidence on sampling tech- 
nique, the writer supplies the following: 


‘ For a discussion of the relation of velocity of slow and 
Corrosion rate for various temperatures and pipe sizes, the 
teader is referred to Speller and Kendall (61), also to 

Speller (60). 


7 DISCUSSION ON SAMPLING OF STEAM AND BorLER WATER 


The results of a traverse made on a 
250-psi. cross drum horizontal tubular 
boiler showed rather conclusively that 
the concentration of dissolved gases as 
well as dissolved salts in the water cycle 
varied across the boiler. Sample tubes 
were fitted into the boiler caps on each 
fifth tube on a boiler 52 tubes wide. 
Details of this test are given by the 
writer (25). The steel sample tube in 
the drum, extended across its length 
and submerged below the water line, 
was perforated with openings of unequal 
area, the smallest opening being nearest 
to the cooling coil inlet. The sizes of 
the openings were calculated to secure 
equal volumes of water along the length 
of the drum. All facilities for con- 
densing steam and cooling of condensate 
and boiler water were of copper, and the 
rate of flow was such as predicated for 
securing the oxygen sample, namely 
one liter per minute. 

In the conductivity investigation by 
Hecht and McKinney (27), the steel 
boiler water sample line within the drum 
was similar in design to that referred to 
above, and the steam sample nozzle 
(A.S.M.E. standard type) was inserted 
in a large saturated steam lead between 
the drum and the superheater header. 
Free flow through the nozzle was main- 
tained. In this test installation, the 
apparatus within the boiler and steam 
main were steel, and the cooling coils 
were copper. All leads to the coils were _ 
very short. The flow rate of cooled — 
boiler water and steam condensate was 
controlled at 1 liter per minute. Hough- — 
ton (27), reporting to the discussion to 
this paper, appears to confirm the ex- 
periences of the cited investigation, that 
concentrations of salts varied in the 
boiler water across the drum. In the 
closure of the investigation (27), the 
authors include observations made at — 


. a 
another plant wherein an improved — 
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design of steam sampling nozzle was 
provided.® 

The accompanying Fig. 1 is a photo- 
graph of the nozzle inserted in a 24-in. 


Fic. 1.—Campbell Steam Lead Sampler 


steam lead from the steam offtake drum. 
This nozzle was of corrosion-resistant 


5 Eugene G. Campbell, “Apparatus for Treating and 
Sampling of Substances,” U.S. Patent No. 2,030,682, issued 
February, 11, 1936. 


SymMPostuM ON STEAM PurRITY 


alloy. The sample line for the boiler 
water was of steel, perforated with 
openings of unequal area, the smallest 
area being adjacent to the cooling coil 
inlet. Copper cooling coils were pro- 
vided, the one for steam was located 
immediately at the steam lead sampling 
point, the one for boiler water some 
30 ft. away. 

Subsequent to the above reported 
tests, installations of similarly designed 
steam samplers were made at another 
operating station. The boilers, operat- 
ing at 440-psi. pressure, were of multi- 
drum design, with bent tubes. In this 
test installation the multipoint sampler 
for steam was slightly different in design, 
that is, the length of the tubes was in- 
creased, and the assembly was installed 
adjacent to and parallel to the steam 
offtake pipe within the drum. Similarly 
designed sampling devices, having tubes 
of differing lengths were installed in 
several of the drums, the object being to 
secure a representative sample from 
along the length of each drum for both 
steam and boiler water. The material 
used for the sampling devices within the 
drums was of corrosion-resistant alloy. 
The drum walls required but one opening 
to accommodate this device. Cooling 
coils of copper were located immediately 
adjacent to the respective drums. This 
installation was provided with a back 
washing line using the feedwater pres- 
sure for cleaning the sampling tubes of 
any boiler water deposit accumulations.’ 


6 The late E.G. Campbell, Betterment Engineer, Power 
Stations Dept., Duquesne Light Co., Pittsburgh, Pa. 
designed the multiorifice sampler to meet the more exacting 
requirements of securing the steam sample for the elec- 
trical conductivity test. The principles governing the 
design are fully explained in the specification to the patent, 
and the drawings included show various designs for the 
collection of steam and water samples in equal proportions 
along the length of the drum, as well as across the area 0 
a steam lead, and requiring but one opening in the wall 0 
the drum or steam lead for introducing the flowing water 
or steam sample to the cooling and condensing coils. 
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EXPERIMENTAL METHODS OF DETERMINING CONDUCTIVITY , 
CORRECTIONS FOR DISSOLVED GASES IN _ 
STEAM CONDENSATE = 


By S. F. Wurrt! anp W. A. Lower! 


SYNOPSIS 


This paper presents a critical survey of the various methods that have been 
advocated for correcting conductivity measurements on steam condensate 
samples for the presence of interfering dissolved gases, principally ammonia 
and carbon dioxide. In general, the basis of these methods has been either 
the application of correction factors for the amounts of ammonia and carbon 
dioxide present, as determined by analysis, or, an attempt at gas removal 
_ prior to the conductivity measurement. Because of inaccuracies or involved 


analytical procedures, none of them is entirely satisfactory. 
To avoid the inherent errors of these methods, a fundamentally different 


3 procedure has been developed in the authors’ laboratory. The gases are dis- 

1 tilled from the sample, which is made successively alkaline and acid, into 

) relatively pure water and the conductivity measured. Subtraction of a 

} blank determination value then gives directly a single correction for the com- 

" bined effects of all gases. No analyses for conductive gases are required. 

| 

; Of the various procedures that have little study, however, since they are 

a been employed for determining steam usually present only in negligible quanti- - 

purity, the electrical conductivity ties. Since these gases form ions in solu- { 

“ method, because of its extreme sensi- tion, the apparent concentration of dis- 

- tivity and its adaptability to continuous _ solved salts may be several fold too high _ | 

k measurements, is generally recognized to if they are disregarded. Inadaptingthe 

‘. be the best and is, therefore, the one in electrical conductivity method to actual 

of most general use. Outstanding in the practice; some means of correcting for 

: development of the method was the such gases has been found imperative. 
pioneer work of Fitze (18),? Hecht and Particularly is this true when the dis- | 

, McKinney (27), and Rummel (53). solved salts content of the steam is less 

the of dissolved gases as 

‘of carbon dioxide hydrogen sulfide and 


two lines of approach have been fol-— 
lowed: first, the application of predeter-— 


Chief Chemist, Chemical Laboratory Supervisor, mined conductivity correction factors 
pective uquesne Light Co., Pittsburg 4 
* The boldface numbers in parentheses refer to the re- based on analytical test data and, q 


ports and 
pended “second, physical removal, as far as pos- 


monia and carbon dioxide, have received 
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sible, of the gases prior to the conduc- 
tivity measurement. Both methods 
have been hampered by certain inherent 
difficulties, namely, in the first, uncer- 
tainty as to the proper factor to be used 
‘TABLE 1.—EFFECT OF EVAPORATION ON 


ELIMINATION OF AMMONIA FROM 
AQUEOUS SOLUTIONS? 


a 
> $ = 
§ | 8/98 | 
° a - | Sk a 
E E £8 
> - 
(NH4)2SO4 500 0.1 248 0.14 68.0 
500 0.1 236 0.14 66.0 
500 0.5 234 0.64 60.0 
500 0.5 240 0.64 61.6 
500 1.0 240 1.50 72.2 
500 1.0 236 1.44 67.8 
500 0.1 119 0.35 84.0 
500 0.1 109 0.37 80.0 
500 0.5 125 1.78 89.2 
500 0.5 107 2.11 90.4 
NH,CI 500 0.1 232 0.16 76.0 
500 0.1 235 0.16 76.0 
500 0.5 254 0.59 59.6 
500 0.5 230 0.60 55.6 
500 1.0 232 1.66 77.2 
500 1.0 260 1.47 77.4 
500 0.1 94 0.41 78.0 
500 0.1 100 0.39 78.0 
500 0.5 116 1.84 85.6 
500 0.5 109 2.11 92.0 
NH; — CO: 500 0.1 246 0.12 60.0 
500 0.1 245 0.12 60.0 
500 0.5 248 0.26 26.0 
500 0.5 256 0.26 26.8 
500 1.0 240 0.23 11.2 
500 1.0 255 0.24 12.4 
500 0.1 112 0.05 12.0 
7 500 0.1 110 0.04 8.0 
500 0.5 22 0.04 2.0 
500 0.5 08 0.06 2.4 
NH.OH 500 0.1 235 0.09 39.2 
500 0.1 223 0.05 24.0 
500 0.5 215 0.06 4.8 
500 0.5 225 0.08 6.8 
500 1.0 225 0.11 5.0 
500 1.0 240 0.12 5.8 
500 0.1 118 0.03 8.0 
500 0.1 112 0.04 8.0 
500 0.5 119 0.05 2.4 
Oo 500 | 0.5 | 105 | 0.06 | 2.4 


Laboratory prey prepared solutions. 
> By direct slerization with clarification procedure 
omitted. Standard Methods of Water Analysis, Am. Pub- 
lic Health Assn., Eighth Edition, p. 44 (1936). 


for ammonia and carbon dioxide and, 
in the second, lack of a practical means 
of completely removing the gases. 
Hecht and McKinney (27) early recog- 
nized the necessity for correcting con- 
ductivity values and developed a carbon 
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dioxide correction curve by the prep- 
aration and testing of synthetic solu- 
tions. At that time these investigators 
did not correct their results for other 
interfering gases, but mentioned that 
“it should be noted that hydrogen sulfide 
(H2S) and ammonia (NHs3) also increase 
the conductance, and, if present, cor- 
rections must be applied.” Later (26), 
due to the known presence of ammonia, 
correction was made for all gases by 
evaporating the sample to one half its 
original volume and cooling to room 
temperature before making the con- 
ductivity measurement. This _pro- 
cedure, of course, altered the factor used 
in correlating the conductivity readings 
and dissolved salts content. Baker (3) in 
correcting for ammonia reduced the 
sample to one fifth its original volume 
before determining the conductivity. 

It has been the authors’ experience 
that serious errors may be encountered 
when this “boiling-down” technique is 
employed, due to failure to remove a 
considerable portion of the ammonia. 
Some results obtained with various pre- 
pared solutions are given in Table I. 
It is to be particularly noted that in 
many cases the ammonia is actually 
concentrated somewhat, hence, the con- 
ductivity due to dissolved gases would 
be greater than in the original sample 

A more refined evaporation procedure 
was later developed by Place (45) in which 
he recommended distilling a given vol- 
ume of sample in a glass still until the 
distillate indicated low carbon dioxide 
content and minimum conductivity. 
The portion of the sample remaining 
in the flask was then assumed to be gas 
free. By determining its volume and 
conductivity, the dissolved salts content 
of the original sample was calculated. 
It is obvious that this method is subject 
to the same errors involved in the “boil- 
ing-down” procedure described above. 

Various distillation methods for de 
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gasifying a continuously flowing sample 
have been advanced by Rummel (53), 
Powell (46, 47), Gurney (20), Joos (29), and 
Straub (63). In general, as pointed out 
by Schwartz and his associates (57), 
equipment based on this principle will 
not completely remove ammonia. 
Straub, however, has recently reported 
reductions in ammonia from 3.5 to 
0.01 ppm. with his equipment. 

The principle of aeration has also 
been used to effect gas removal from the 
condensate sample. Powell (47) and 
Betz (4), using this treatment, developed 
equipment for producing a continuous 
sample. Powell, however, has expressed 


TABLE II.—CONDUCTIVITY OF IONS. 


8 
ae 
2 
2a 
306 Coos 
3 
25 235 
=a 
a 
H*......10.9921 349. 8 X 10-6? | 347.04 10°86 
Hydroxide, OH- 0.0588) 198.07 11.64 
Ammonium, 73.4% 4.31 
Bicarbonate, 
HCO; 0.0164) 44.5% 0.73 
Carbonate, COs~~.. |0.0333} 83.0? 2.76 


*D. A. MacInnis, ‘““The Principles of Electrochemistry,” 
p. (342, Reinhold Publishing Corp., New York, N. Y. (1939). 

°F. H. MacDougall, ‘Physical C hemistry,”’ p. 477, The 
Macmillan Co., New York, N. Y. (1936). 


a preference for his vacuum-distillation 
procedure. Smith and Williams (59) in 
their laboratory method recommended 
passing purified air through the sample 
for 30 min. before making the conduc- 
tivity measurement. 
then tested for residual ammonia and a 
correction factor applied. 

In the application of separate con- 
ductivity correction factors for ammonia 
and carbon dioxide in accordance with 
an analysis of the sample for these 
gases, negative values for dissolved 
salts are often obtained. In the authors’ 
laboratory this anomaly has been found 
to occur particularly on samples which 


The sample was: 


contain relatively high concentrations — 
of both gases. The reason for such — 
erroneous results is the failure to con-— 
sider the influence of varying amounts of | 
ammonia and carbon dioxide on the rela- 
tive concentrations of H+, OH~, 
HCOs-, and CO;—. Of particular sig- 
nificance is the effect of the H* and OH- 
concentrations, since the conductivity 
per ppm. of these ions so greatly exceeds 
that of the others, as shown in Table II. 
Therefore, the true conductivity cor- 
rection for ammonia and carbon dioxide — 
should be a single factor which takes 
into account the equilibrium relation-— 
ship resulting from the effects of these — 
gases on each other and on the sample. . 

Lack of consideration of this relation-— 
ship is believed to be responsible for the. 
disagreement among investigators as to 
the proper correction factor to use for 
ammonia. When calculated as con- 
ductivity in micromhos:per part per 

million of ammonium ion, NHy,*, the 
following values have been reported: 
Rummel,’ 5.6; Powell (46), 7.0; Schwartz 
(57), 6.2; Smith (59), 5.7; and Ulmer (70), 
7.0. 


Recognizing the significance of the © 


ionic equilibrium existing at the time 
the conductivity of the sample is deter- 
mined, Watson (74) has proposed an 
interesting and logical method whereby 
a single correction is determined from — 
a family of curves relating the pH — 
value and various concentrations of the - 
gases. The curves were formulated 
from the dissociation constants of am- 
monium hydroxide and carbonic acid. 
His suggested procedure is as follows: 

(a) The concentration of ammonia 
and “free” carbon dioxide are deter- 
mined. 

(b) If the “free” carbon dioxide is 
zero or if the pH value exceeds 7.0, the 
pH is adjusted to some value below 7.0. 


3 From curve prepared by J. K. Rummel and distributed 
through the courtesy of the Babcock & Wilcox Co. 
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by addition of carbon dioxide, after 
which the ammonia content is redeter- 
mined. 

(c) The conductivity of the sample 
under these conditions is then measured 
and a correction factor, taken from the 
curves relating pH value to gas con- 
centration, is subtracted from this ob- 
served value, the corrected conductivity 
then being converted into parts per 
million of dissolved salts. As shown by 
Watson, this method appears to elimi- 
nate the negative values for the dissolved 
salts content which are often obtained 
when using separate correction factors 
for the two gases. 

In any method based on the results of 
analytical tests for ammonia and carbon 
dioxide in the sample, the importance 
of accuracy cannot be overemphasized. 
Due to the high conductivity corrections 
for these gases, seemingly small errors 
in the analyses may produce major 
discrepancies in the results, especially 
when the dissolved salts concentrations 
are in the order of 0.1 to 0.5 ppm., as 
have been reported by some investi- 
gators (3, 70, 58). This is particularly 
true for ammonia, since relatively small 
changes in the concentration of this gas 
considerably alter the conductivity of 
the sample. 

The Nessler method,‘ either by direct 
or distillation procedure, is used almost 
universally for the determination of 
ammonia. A study of this method in 
the authors’ laboratory has shown that 
freshly prepared standards are dis- 
tinctly superior to the permanent ones; 
they compensate for variable sensitivity 
of the reagent. It has also been noted 
in the determination of small quantities 
of ammonia by the distillation procedure 
that the accuracy of the results is im- 
proved by protection of the sample and 
distillate from atmospheric contamina- 


4 Standard Methods of Water Analysis, Eighth Edition, 
pp. 41-45, Am. Public Health Assn. (1936). 
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tion and by matching colors in equip- 
ment that provides standard light 
conditions. The work of Schwartz and 
his associates (57) includes a thorough 
investigation of the Nessler and other 
methods. Their data relative to the 
volumetric method proposed by Teorell 
(68) using sodium hypobromite with 
naphthyl red as an indicator is of par- 
ticular interest. 

For the determination of “free” car- 
bon dioxide, the method which is 
generally used is some modification of 
the A.P.H.A. procedure.’ The size 
of the sample, the standard alkali re- 
agent, and the strength of the standard 
solutions have varied with different 
investigators. For the concentration 
usually encountered in steam, it is 
believed that this method is not satis- 
factory, the results being especially 
questionable for values below 1 ppm. 
The total carbon dioxide is best de- 
termined by the evolution method of 
Partridge and Schroeder (42),° or some 
modification of this procedure. The tur- 
bidimetric adaption proposed by Roller 
and Ervin (52) appears to be a worth- 
while contribution. 

A new method of correcting con- 
ductivity for the influence of dissolved 
gases has been developed in the authors’ 
laboratory. No chemical tests are re- 
quired and a single correction for the 
combined effects of all gases in the 
sample is obtained. In this method the 
gases are transferred by distillation into 
relatively pure water in which their in- 
fluence on conductivity is determined. 
To assure complete removal of the gases, 
the sample is first treated with an alkali 
and then with an acid during the distilla- 
tion procedure. A diagrammatic sketch 
of the apparatus is shown in Fig. 1. 


5’ Standard Methods of Water Analysis, Eighth Edition, 
p. 69, Am. Public Health Assn. (1936). 

6 Tentative Method for Determination of Total Carbon 
Dioxide and Calculation of the Carbonate and Bicarbonate 
Ions in Industrial Waters (D 513 — 38 T), 1939 Book o 
A.S.T.M. Standards, Part III, p. 1108. , 
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DESCRIPTION OF APPARATUS 
Distillation Assembly: 


The distillation flask is a three-neck, 
round-bottom, pyrex vessel having a 
capacity of 5000 ml. The sample and 
chemical treatment are admitted 
through a feed line which extends well 
below the minimum water level ex- 
perienced during distillation. An aera- 
tion tube, the end of which is near the 
flask bottom, is provided for purging 
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the point at which the vapor enters the 
condenser. 


Conductivity Celli: 

The conductivity cell is a round-bot- 
tom, cylindrical pyrex chamber of 2000- 
ml. capacity. Platinized platinum 
electrodes, adjusted to a 0.1 cell con- 
stant, are mounted in a ground-glass 
plug which is inserted in the bottom. 
The condensed vapors are received 
through a tube which extends to the 
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Fic. 1.—Apparatus for Determining Conductivity Correction for Dissolved Gases in Steam 
Condensate. 


the flask, Friedrichs condenser, and 
conductivity cell with purified nitrogen. 
All connections to the flask and con- 
denser, including the condensate de- 
livery tube, are made with interchange- 
able ground-glass joints. 

The flask is heated by means of a 
Glas-Col heating mantle which com- 
pletely envelopes the vessel. This pro- 
vides uniform heating and also prevents 
condensation and reabsorption. The 
vapor offtake, which extends vertically 
a distance of 9 in. above the flask open- 
ing, is lagged with asbestos tape up to 


bottom of the cell. Thorough mixing © 
of the accumulated condensate is accom- 
plished by means of a motor-driven 
agitator. 


Conductivity Bridge: 


The bridge used in measuring conduc- 
tivity is a Leeds & Northrup, 110-v., 
60-cycle instrument, Catalog No. 4866, 
which operates over the range 0.1 to_ 
12,000 micromhos. Variations in cell 
constant and temperature are corrected 
by manually operated compensators. 


— 
5, © 
| 
| 
i 


SyMPOSIUM ON STEAM PURITY q 


Nitrogen Purification: 


As indicated by the broken lines in the 
sketch, the entire system is provided 
with complete protection from atmos- 
pheric contamination by a purified nitro- 
gen atmosphere. Nitrogen is also used 
in transferring the sample and reagents. 
Purification of the nitrogen is accom- 
plished by passage through a tube con- 
taining copper and copper oxide heated 
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Fic. 2.—Apparatus for Obtaining Water Free of Ammonia and Carbon Dioxide. 


to a temperature of 450 C. and sub- 
sequently through Dehydrite and As- 
carite. 


Sample Container: 


In fabricating the container in which 
the samples are taken, stainless steel 
was employed because of its anti-cor- 
rosion characteristics. A 5-gal. con- 
tainer was built with the expectation 
that the data obtained by this method 
would be correlated with referee gravi- 
metric tests. [t is to be particularly 
noted that in the distillation tests the 
sample is transferred to the flask directly 
from the container in which it was taken 


PROCEDURE 


Prior to each test, the distillation as- 
sembly and conductivity cell are thor- 
oughly purged with purified nitrogen. 


/ 
/ 
-Gas Burner 


NH; & CO;Free Water\ Car 


pentoxide. 
_is shown in Fig. 2, which is self explana- 


The distilling flask is then charged with 
2 liters of water free of ammonia and 
carbon dioxide and 1 liter of the sample 
by means of pressure from the purified 
nitrogen system. The distillation js 
started and, as soon as the condenser is 
thoroughly wet, 4 ml. of 0.1 N potas- 
sium hydroxide’ are admitted, giving a 
pH value of approximately 9. When 
500 ml. have been distilled into the con- 
ductivity cell, 6 ml. of 0.1 N phosphoric 
Block Tin 
Condenser 


Centigrade 
Thermometer 


Leads to 
Conductivity — 
Bridge 


acid (27) are added to the flask, thereby 
lowering the pH to about 4. The dis- 
tillation is then continued until the 
volume in the cell is 1000 ml., at which 
time the conductivity is measured. 
By subtracting from this reading the 
value of a blank determination on the 
reagents and water used, the conduc- 
tivity correction for the gases in the 
sample is obtained. 


PREPARATION OF WATER FREE OF 
AMMONIA AND CARBON DIOXIDE 
The water free of ammonia and carbon 
dioxide used in this investigation was 
prepared by redistillation of laboratory 
distilled water treated with phosphorus 
A sketch of the apparatus 


7 Prepared by dissolving a “reagent grade” chemical in 
water free of ammonia and carbon dioxide, boiling the 
solution, and subsequently cooling under a protect 
atmosphere. 
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tory. It varies from the procedures 
of Ellis and Keihl (15) and Cranston and 
Brown (9) in that purified air is bubbled 
through the liquor instead of the dis- 
tillate. After trying several other 
methods, this one was adopted because 
of the consistently low conductivity 
values that were obtained. Values 
higher than 0.2 micromho at 25 C. were 
seldom experienced, and often this figure 
was less than 0.1 micromho, the mini- 
mum amount which could be measured 
on our bridge. It was interesting to 
note that cutting off the purified air 
supply caused the conductivity rapidly 
to increase several fold and then dimin- 
ish at a similar rate when bubbling was 
started again. While water of this 
quality is not essential for plant work, 
it serves to increase the accuracy of the 
results by giving low values for the blank 
determinations. 


DISCUSSION AND CONCLUSIONS 


The results of several tests with 
samples containing varying amounts of 
ammonia and carbon dioxide are shown 
in Table III. In those tests where 
“free” carbon dioxide is reported, its 
determination was effected by titration 
of a 100-m]. sample in a closed container 
with N/132 sodium hydroxide, using 
phenolphthalein as an indicator. This 
procedure was employed because it is 
the only relatively simple method which 
gives “free’’ carbon dioxide, the value 
used by most investigators. The more 
accurate methods measure total carbon 
dioxide. For tests Nos. 1, 2, 8, 9, 10, 
13, and 16, synthetic samples were pre- 
pared by the addition of measured 
amounts of standard ammonium sul- 
fate and sodium carbonate solutions. 
Tests using these samples were made to 
ascertain the effect of total carbon diox- 
ide on conductivity, since the correc- 
tions obtained by the proposed method 


are influenced by both the combined 
and “free” gas. 

In reviewing these data it is to be 
noted that the calculated conductivity 
corrections based on separate factors 
for ammonia and carbon dioxide are 
higher, in all cases, than those obtained 
experimentally. This method, there- 
fore, will tend to eliminate the negative 
values for dissolved salts, which, as 
pointed out above, are often encoun- 
tered. 


TABLE III.—CONDUCTIVITY CORRECTIONS FOR 
DISSOLVED GASES. 


Conductivity 
Carbon Dioxide Correction, 
Ammonia | (CO:), ppm. micromhos at 
Test (NHa*), 25 C. 
ppm 
b Ob- | Calcu- 
Total? | Free? | tained | lated” 
No. 1 0.30 0.5 snl 1.54 es 
No. 2 0.31 1.0 1.71 
No. 3 0.33 ae 0.5 .| 1.91 2.66 
No. 4 0.33 Rae 1.0 .| 2.07 2.91 
No. 5 0.41 - 2.0 2.88 3.97 
No. 6 0.41 = 2.0 3.11 3.97 
No. 7 0.41 " 4.0 3.53 4.67 
No. 8 0.61 0.5 os 3.55 wee 
No. 9 0.61 1.0 sd 3.74 svi 
No. 10 0.61 2.0 3.92 
No. 11 0.61 ~ 2.0 4.17 5.37 
No. 12 0.61 4.0 4.57 6.07 
No. 13 0.83 1.0 5.05 
No. 14 0.83 0.5 5.10 6.16 
No. 15 0.83 — 1.0 5.22 6.41 
No. 16 0.83 2.0 5.40 
No. 17 0.83 ane 2.0 5.61 6.91 
No. 18 0.83 4.0 5.90 7.61 


* Determined by the preparation of synthetic samples to 
which were added measured amounts of standard sodium 
carbonate solution. 

Determined by titrating 100-ml. samples with 142 N 
sodium hydroxide, using phenolphthalein as an indicator. 

© Calculations were made by using a factor of 7.0 
micromhos per ppm. of ammonium ion and Rummel’s 
curve (53) for carbon dioxide. 


In the proposed procedure, the volume 
of the distillate, in which the conductiv- 
ity due to dissolved gases is measured, 
is always the same as that of the sample. 
This practice was established because 
the conductivity due to the gases is not 
directly proportional to their concen- 
tration. Accordingly, widely divergent 
results are obtained if volume correction 
factors are employed. 
permissible to use a constant conduc- 


tivity value for varying concentrations 


It is likewise not | 


| | 

7 
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of the interfering gases. This condition 
is also shown quite clearly in the data 
presented by Watson (74). 

While the precautions as_ noted, 
namely, the long vertical offtake tube 
and the method of heating, have been 
taken to prevent carry-over from the 
distilling flask, a small amount un- 
doubtedly does occur. It is reasonable 
to assume, however, that this value is 
constant and, therefore, included in the 
blank determination. The check results 
which have been obtaine] tend to sub- 
stantiate this assumption. The use of 
the blank determination value also com- 
pensates the final results for any gases 
present in the reagents and water used 
and the conductivity of water itself. 

It is recognized that the results of 
these tests are not in complete agree- 
ment with those reported by other in- 
vestigators. They are not intended as 
proof of the method, but merely as an 
indication of its performance as com- 
pared with that of those procedures 
involving analytical testing. It must 
be borne in mind that the principle 
feature of the proposed method is the 
elimination of all chemical tests. To 
determine the accuracy of the method, 
it is apparent that its results must be 
correlated with precise gravimetric data. 


[See Joint Discussion, p. 1296.—ED.| 
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Such a program of study is contemplated 
for the near future. It was for this 
reason that the 5-gal. stainless steel 
sample container, shown in Fig. 1, was 
obtained. 

For the gravimetric study, an appara- 
tus similar to that of Call’s* is being 
constructed. Elaborating on the prin- 
ciples employed by Powell (46, 47), 
Ulmer (70), and Schwartz (58), Call has 
developed a method, the essential fea- 
tures of which are automatic control, 
protected atmosphere, radiant heat, and 
admission of the cool water at the bottom 
of the platinum dish through a funnel- 
shaped, side-arm delivery tube. Its 
particular advantage is a faster rate 
of evaporation without disturbance of 
the water surface. 

In adapting the proposed method to 
general plant use, it is apparent that the 
apparatus shown in Fig. 1 can be con- 
siderably simplified. Sacrificing some 
degree of accuracy, it is possible to 
eliminate partially or completely the 
system for protecting against atmos- 
pheric contamination. Likewise, the 
size of the apparatus may be reduced 
and the method of adding the sample 
and reagents altered. 4 


8 R. G. Call, private communication. 
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Conductivity measurements for the 
detection of contamination in relatively 
pure water, such as steam and conden- 
sate returns, have been widely used 
because of the speed of the method 
relative to evaporative methods. The 
necessity for correcting the measured 
conductivity for dissolved gases such as 
carbon dioxide was pointed out by Hecht 
and McKinney (27),? who described a 
method for making the correction when 
only one gas was present. Although this 
empirical method of correction could be 
extended to two or more gases, a large 
amount of experimental work would be 
required to establish the necessary cor- 
tection curves. Other workers, for ex- 
ample Rummel (53), Powell, Bacon, 


‘ Assistant Professor of Chemistry, Carnegie Institute 
of Technology, Pittsburgh, Pa. 
he boldface numbers in parentheses refer to the 
feports and papers appearing in the bibliography ap- 
pended to this symposium, see p. 1338. 


OF CORRECTIONS TO CONDUCTIVITY 


; ' By D. S. McKinney! 


SYNOPSIS 


Methods for calculating the corrections to be applied to conductivity meas- 
urements are presented, based partly upon the author’s earlier paper ‘The Cal- 
culation of Equilibria in Dilute Solutions” (37). 

A procedure is outlined for correcting the conductivity of condensed steam 
when analysis of steam only is available. 

An improvement of the method developed by A. Watson is proposed. 

A method for calculating the correction to be applied to a steam sample from 
partial analysis of steam and boiler water is described and illustrated by an 


Tables of data needed for the calculations are presented showing (1) the 

— ionic equivalent conductance \o of the ions commonly found in industrial water; 
_ (2) the variation of the equivalent conductance A with concentration for 
_ NagSOx, NaCl, and NaOH; and (3) the distribution of the ions of the weak 
electrolytes H20, HeS, CO2, SO2, NH3, and H3PO, as a function of pH. 


— 


15 


See also (1, 38). 


McChesney, and Henry (47), Gurney, 
Schwartz, and Crossan (20), and Straub 
and Nelson (63), have developed appara- 
tus for removing a substantial portion of 
the offending substances by distillation. 
While these devices are of great value, 
since they simplify the problem of inter- 
preting the conductivity data, there will 
be many situations where they are not 
necessary if the corrections can be made 
in other ways. 


The problem of making sufficiently . 


accurate corrections for the conductivity 
due to dissolved gases has been made 
more difficult in recent years by the 


improvement in the quality of steam, | 


due to more careful water treatment, 


better operation and design of boilers, | 


and by the increased number of cases 
in which gases such as NHs produce the 
greater part of the measured con- 


caLCULATIN 
MEASUREMENTS FOR DISSOLVED GASES 
| 
| 
0 
e | 
l- | 
le 
- 
S- 
ne 
od d 
ile 
| 
| 
— 


1286 
ductivity. Ulmer (70) reports contami- 
nation due to NH; sufficiently great to 
make the condensed steam alkaline to 
phenolphthalein. When the contamina- 
tion is so great, the use of the devices 
mentioned above, for removal of offend- 
ing substances by distillation, is sug- 
gested to reduce the correction at least 
to the order of magnitude of the con- 
ductivity due to the nonvolatile sub- 
stances present. 

Since a complete discussion of all 
types of contamination would require 
a very long paper, the subject matter 
of this paper is limited to the determina- 
tion of entrainment of boiler water in 
steam by conductivity methods. 


ASSUMPTIONS AS TO ACCURACY OF 
MEASUREMENTS 


In order to interpret the conductivity 
measurements in terms of either non- 
volatile salts in the steam or percentage 
carry-over from the boiler water, it is 
necessary to eliminate contamination 
by the sampling apparatus and to ac- 
curately measure or determine the fol- 
lowing: 

1. The true conductivity. Polari- 
zation effects must be eliminated by 
use of small currents through the cell, 
use of alternating-current bridges, and 

d proper platinization. 
2. The volatile substances, such as 

NH; and COs, which affect the con- 


ductivity. 

3. The nonvolatile weak electro- 
lytes. 
In the measurement of conductivity, 
accurate temperature compensation 


must be provided. Although the tem- 
perature coefficient of conductivity is 
nearly the same for all ions, it should be 
remembered that the dissociation con- 
stants of weak electrolytes change 


rapidly with temperature, thus changing 
_the ion concentrations. 


When the con- 
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ductivity due to volatile substances is 
large compared to that due to nonvolatile 
salts, measurements should be made at 
25 C. or as near this temperature as 
possible. 


_ RELATION OF CONDUCTIVITY 
CORRECTIONS TO 
EQUILIBRIA 


Attempts have been made to correct 
the conductivity measurements for two 
or more dissolved gases on the assump- 
tion that the correction can be calcu- 
lated by adding the separate conduc- 
tivities found when each gas is present 
alone in the sample. Such a procedure, 
or any other which assumes an arbitrary 
ion distribution, neglects the equilibria 
which must exist between the various 
ions, as has been pointed out by Watson 
(74). The problem of calculating these 
equilibria was rather completely dis- 
cussed in the paper, ‘“The Calculation of 
Equilibria in Dilute Water Solutions” 
(37). The methods described therein are 
used in this paper. 

Due to the high steaming rates of 
modern boilers, it is probable that 
equilibrium is never established between 
the constituents of the steam and the 
boiler water. It is therefore impossible 
to say what portions of the more volatile 
substances, such as CO2, NHsz, and H,S, 
are entrained in the water carried over 
from the boilers. Fortunately this prob- 
lem is not important, since the object of 
the measurement of conductivity is the 
determination either of the nonvolatile 
salts which may cause trouble by de- 
positing in superheaters and _ turbines, 
or the percentage carry-over of the boiler. 
If the object is the determination of the 

. nonvolatile salts in the steam, analysis 
of the steam only may be necessary. If 
the determination of the percentage 
carry-over is desired, analysis of both 
steam and boiler water is necessary. 
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MEASUREMENTS FoR GASES 


| When analyses are available on steam C; = concentration of ion 7 in equiva-. 
7 and boiler water, both the percentage lents per million*:*+, and 
’ 
carry-over and the nonvolatile salts may xk = conductivity in mbhos_ per 
be calculated. centimeter. 
C C and the sum is taken over all the ions in 
CALCULATION ORRECTIONS TO CON- the olution. 
BUCTIVESY The activity coefficients of all ions 
ANALYSES OF THE STEAM ONLY in the condensed steam may also be 
The concentration of salts in con- taken as unity since the concentration 
densed steam is so low that the con-_ is very low (that is, activities = con- 
t ductivity « can be calculated from the centrations in moles per liter). In order 
0 
TABLE I.—ANALYSES OF STEAM AND BOILER WATER. 
= 
l- Steam 
t Observed Values (x-108 = 6.0) Calculated Values le ms for gases) = 1.96, 
llimol 
millimoles millimoles 
y oes per liter — per liter 
(C) Total CO: 10 0.23 Free CO: 8.8 0.200 
1S (N) Total 0.4 0.023 HCOs- 1.4 0.028 
0.40 0.023 
mn 0.02 0.0002 
Nonvolatile dissolved solids 
se in steam 
is- 
of Boiler Water 
Observed Values (x -10® = 4330, pH = 11) Calculated Values 
re 
millimoles |millimol millimoles' 
oon per liter | per liter ~~. per liter ™ ikea epm. 
of 
at (a) (b) (c) (d) (e) (f) 
en Dissolved solids 2092 
€ Dissolved salts 1933 
‘he P = Total phosphate as PO;-~~ 50 0.53 
; C = Total carbonate as COs-~ 20 0.33 
ble 934 9.73 19.46 19.46 | 
136 3.83 3.83 3.83 
tile OH- 1.008 1.008 1.25 1.25 24.7 
, HCOs 0.058 | 0.058 | 0.032 0.032 1.4 
5, COs- 0.272 0.544 | 0.298 0.595 49.5 
a HPO, 0.482 | 0.964 | 0.403 0.806 | 48.4 
ver POs 0.0482 | 0.145 0.127 0.381 29.7 
re NAt 26.0 26.4 
Gz —3.06 
tile equivalent conductances of the ions at to calculate the correction, it is first 
io infinite dilution Ao by multiplying the necessary to calculate the concentration 
er concentration of each ion in equivalents of all the ions of weak electrolytes present 
ler per million’ by Ao for the ion in question, in the steam by the method described 
the adding the results, and multiplying by _ in the paper, “The Calculation of Equi- 
ysis 10° as indicated by the equation: 
If -6 most of the data on conductivity, concentrations 
10° K doi X (1) are reported in equivalents or per liter. 
tage For the dilute solutions met with in boiler practice, milli- 
oth where: and equivalents per million are 
: hoi = equivalent conductance of ion i ‘ Tentative Method for Reporting Results of Analysis 
ary: ° ° ° ° of Industrial Waters (D 596-40T), 1940 Supplement to 
fi dil 
at infinite dilution, Book of A.S.T.M. Standards, Part III, p. 541. 
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libria in Dilute Water Solutions’ (37). 
For example, in a water containing NHs, 
CO2, and phosphates, the total con- 
centration of each and the pH must be 
known. By means of curves constructed 
from Table IV, the concentration of each 
of the possible ions involved in the 
equilibria— namely: NH,*t, OH-, Ht, 
HCO;, H2PO;, and 
PO,;-~~—may be calculated, and from 
the table of values of A» (Table III) 
their contribution to the conductivity 
xk, is calculated in exactly the same way 
as indicated in Eq. 1 except that the sum 
is calculated only for the ions involved 
in equilibria, as follows: 
Ke = dos Ci 
From these concentrations the value of 
G® in the equation 
(NH,*] + — |OH-] — (HCO; | 
— 2(CO;-~| — — ~| 
— 3(PO,---] = G. .(3) 
can be calculated. (Bracketed symbols 
indicate concentrations in moles or 
millimoles per liter.) 
It is next necessary to make a decision, 


5 Source and significance of the quantity G. The quan- 
tity G, the sum of the charges on all the ions involved in 
equilibria, (Eq. 3) is derived from the equation of elec- 
trical neutrality, which states that the sum of the charges 
on all the ions in a solution is zero. In most cases this 
equation cannot be used directly, since a complete analysis 
of the sample is not pene However, it has been 
assumed that the concentration of each of the ions involved 
in equilibria is known or can be calculated. The ions ina 
solution may then be considered in two groups: 

Group I.—Ions involved in equilibria (whose con- 
centrations depend on pH.) 
Group II.—Ions not involved in equilibria (whose 
are of pH) such as Na* 
SOs 


,Cl-, etc. Since the concentrations of these ions 
: are independent of pH, the sum of the charges on them 
must also be independent of pH. 

The equation of electrical neutrality can then be written 
as follows: 

Sum of charges on ions of group I + sum of charges on 
ions of group II = 0 

where, by definition, sum of charges on ions of group I = G 

Since the second term of this equation is independent of 

pH, the first term, G, must also be independent of pH. 

The quantity G will not be changed ~ the solution or 
removal from solution of a substance, if all the ions of the 
substance belong either to group I or to group II. For 
example, solution of COs or NHsz adds equal amounts of 
positive and negative charge to the ions of group I and 
therefore causes no change in G. Similarly, solution of 
NaC] will not change G, since both ions belong to group IT. 
Solution of NHsC1 will increase G, since NH4* belongs to 
group I and Cl- to group II. 

If achange in volume of water occurs, due to evaporation 
or condensation of pure water, G will vary inversely as the 
volume, since it represents a charge density. That is, 
if G: and V; represent initial values of G and volume, and 
G2 and V2 represent final values, GiVi = G2V2. 
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in some systematic and acceptable 


manner, as to which ionic species existed - 


in the solids entrained in the steam 
(assuming that the steam was com- 
pletely dried in the superheater) and 
which were present in the gaseous state. 
This decision could be based on analyses 
of boiler water and of the solid deposits 
found in the system in question. Since 
the boiler water is always alkaline, all 
ammonia would be driven off as NH; 
upon drying. One might find by analy- 
sis of the deposits that phosphates and 
a part of the CO were present in the 
solids as PO;-~~ and CO;-~ ions, and 
that no free bases existed in the solids. 
The ions mentioned above must then be 
combined in such a way as to satisfy 
these conditions, without changing the 
value of G, as follows: 


NH,* + OH- NHs (gas) + H,0..(4) 
+ OH- —H,0 
HPO,-- + OH- — PO, + H.O 
H.PO,- + 20H- — ~ + 2H,0 
HCO;- + OH- —CO;-- + 


Upon exhaustion of OH-, bicarbonate 
would be decomposed as follows: 


2HCO;- + COs (gas) + CO;-~.(5) 


Since reactions 4 and 5 result in the loss 
of all ammonia and a part of the CO: 
(all except that which remains as CO;—), 
the pH of the sample may change. It 
would then be necessary, using Table IV, 
to find a new distribution of the ions 
satisfying the equilibria with the re- 
maining COz and also maintaining the 
value of G obtained in Eq. 3. The con- 
tribution of the remaining nonvolatile 
ions involved in “the equilibria to the 
conductivity could then be calculated in 
exactly the same manner as_ before 
(Eq. 2). If we let this contribution 
equal ke (nonvolatile), the corrected con- 
ductivity could be calculated thus: 


Keorrected = Kmeasured — (Ke — Ke(nonvolatile))- (6) 


It will be at once recognized that the 
above method, while theoretically pos- 
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TABLE II.—EQUIVALENT CONDUCTANCE OF ELECTROLYTES AT 25 
| Con- 
C (equivalents per liter)...| 0.0000} 0.0005} 0.001 0.005} 0.01 0.02 0.05 0.10 | stant 
a 
Bixiteceauon 126.45 | 124.50 | 123.74 120.65 | 118.51 | 115.76 111.06 106.74 
NaCl i 1.016 1.022 1.048 1.067; 1.092 1.139 1.185} 1.89 
ie ee 0 62.25 | 123.74 603.25 | 1185.1 |2315.2 5553 10 674 
{ . iiseseeres 248 246 245 240 237 233 227 221 
NaOH = See 1.008 | 1.012 1.033} 1.046] 1.064 1.093 1.122| 0.954 
a 123 245 1200 2370 4660 11 350 22 100 > 
| | 200.85 117.15 | 112.44 | 106.78 97.75 89.98 
NazSOx 1 1.033 | 1.046 1.109) 1.155] 1.217 1.329 1.444| 4.64 
0 62.87 | 124.15 585.75 | 1124.4 [2135.6 4887.5 8988 


From D. A. MacInnis 


Note.—A = equivalent conductance of the salt at the concentration indicated. 
Ao = equivalent conductance of the salt at infinite dilution. 


sible and perhaps occasionally useful 
for recalculating old data, suffers from 
several defects. 
1. Thecalculations would be tedious. 
2.°Too many determinations must 
be made on the steam. (The meas- 
urement of pH alone would cause 
considerable trouble.) 
3. No two chemists could agree on 
how the ions should be combined. 
In view of these serious defects some other 
method of approach is necessary. Watson 
(74) has suggested a method which, 
with slight modification, is suitable when 
the contaminating gases consist of NH; 
and COs. Watson’s method consists in 
carbonating the sample with pure CO» 
until the pH is less than 7, and deter- 
mining conductivity, free COs, and NH3 
on the carbonated sample. The cor- 
rection is then read from a set of curves 
calculated from theoretical data, pre- 
sumably on the assumption that COz 
and NH; represent the only weak 
electrolytes present in the water. If 
phosphates, sulfites, or other weak 
electrolytes are present, their contribu- 
tion to the conductivity will vary, de- 
pending on the final pH of the sample, 
and the correction will be indefinite to 
this extent. Watson’s method can be 
improved and this objection eliminated 
by carbonating to a fixed pH value. 


Principles of Electrochemistry,”’ p. 339, Reinhold Publishing Co., New York, N. Y. (1939). _ 


The correction then depends only on the 
ammonia present, and the corrected ~ 
conductivity corresponds to a definite | 
distribution of the ions of the other 
weak electrolytes. The corrected con- 
ductivity will be, not that of a solution 
of the nonvolatile electrolytes, but that 
of a solution of the nonvolatile electro- 
lytes with a standard amount of carbona- 
tion. The correction can be calculated 
as follows: Assuming that we will apply 


TABLE ILI.—IONIC EQUIVALENT CONDUCTANCE 


| 
Kt 73.52°| Cl 76.34 | HS- 729 
Nat 50.11" | 71.44” | HSOs- 
Ht 349.82" | 14 | 79.8” | SOs-- | 80¢ 
73.4" | OH 198 HePOx 299 
Cat+ | 59.5% | HCOs- 44.48” | 14 HPOs— | 60° 
14 Mg*+ | 53.06°| 14 COs--| 83¢ ¥4 | 78¢ 


@ do = ionic equivalent conductance at infinite dilution. © 

+ MacInnis, ‘Principles of Electrochemistry,” p. 342. 
Reinhold Publishing Co., New York, N. Y. (1939). 

© MacDougall, “Physical Chemistry,” p. 477, Macmillan 
Co., New York, N. Y. (1936). (Value uncertain.) 

4 International Critical Tables, Vol. 6, p. 242, McGraw- ; 
Hill Book Co., Inc., New York, N. Y._ Rough extrapola- 
tion of data on KoSO3. (Value uncertain.) 

* Abbott and Bray, Journal, Am. Chemical Soc., Vol. 31, _ 


1 
p. 729 (1909). Calculated from 18 C. using ® = 0.023 


dT 
for HPO« ~ and 0.025 for POs" ~~. Data on H2PO¢ from 


this paper gives Ao for H2PO, somewhat higher than that | 
= 0.0215. Values for the other 
phosphate ions were reduced, arbitrarily, to agree with 
that given for H2PO«, the amount of reduction being | 
proportional too. 
International Critical Tables, Vol. 6, p. 260 (from Ao | 

for 4% H2SOs). 

9 International Critical Tables, Vol. 6, p. 260 (from Ao — 
for corresponding acids). Calculated from 18C. using | 


1 da 
0.0215. 
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a correction just large enough to reduce 
the corrected conductivity of water con- 
taining only COz and NH; to zero, and 
that pH = 6 is satisfactory as the fixed 
pH value to be attained by carbonation, 
we find by referring to Table IV, at this 
pH: [H*] = 0.001 millimoles, [NH,*] = 
(0.9994 N, where WN represents the total 
NH; in millimoles per liter. If NH 
and CO, are added to pure water, we 
must have: 

(NH,*] + [H*] — [HCO;-] = 0.....(7) 
Substituting the above values: 

0.9994 N + 0.001 — [HCO;"] = 0.. .(8) 
Assuming values of N, [NH,*] and 
(HCO;-] can be calculated using Eq. 8. 
The correction to the conductivity may 
then be calculated by the equation: 
Conductivity correction (mhos per centimeter at 
25C.) = {ANH«* X (epm. NH4*) + AH+ 

(0.001) + AHCO:- X (epm. HCO;")} . . (9) 


CONDUCTIVITY CORRECTION FOR 
CARBONATION TO pH = 6. 


Correction, 
NH: micromhos 
N (NHa*] | [HCOs-] per cm. 
at BC... 
K X 108 
0 0 0 0.001 0.35 
0.5 0.0294 0.0294 0.0304 3.85 
1 0.0588 0.0588 0.0598 7.33 
1.5 0.0883 0.0883 0.0893 10.80 
2 0.1177 0.1177 0.1187 14.26 


In applying this method, the indicator 
used should be adjusted to pH = 6 in 
order that no COy will be required for its 
titration. The conductivity, corrected 
by this method, cannot be accurately 
interpreted in terms of dissolved salts 
without a knowledge of the composition 
of the boiler water. However, since the 
major constituent of most boiler waters 
is NasSOy, sufficiently accurate results 
will be obtained by assuming that the 
corrected conductivity is all due to this 
salt. With this assumption: 


10° 

Keorrected 1299 Na2SQ, (epm.) (from 
Table II) 
“corrected X 7.70-108 = NaeSO, (epm.); 


terected X 5.47-105 = NazSO, (ppm.) 


1291 


CALCULATION OF THE PERCENTAGE 
CARRY-OVER AND SOLIDS IN STEAM 
FROM ANALYSES OF STEAM AND BOILER 
WATER 


A method involving successive ap- 
proximations may prove useful when 
analyses of both steam and boiler water 
are available, or when more than two 
contaminating gases are present in the 
steam. This method avoids some of the 
difficulties of the first method described, 
since it requires a minimum number of 
determinations to be made on the steam 
sample and no assumptions need be 
made as to the distribution of the pos- 
sible volatile substances between the 
entrained solids and the steam. It 
requires the measurement of con- 
ductivity and the concentration of each 
of the contaminating gases in the steam. 
In the boiler water; conductivity, pH, 
and the concentration of each of the 
weak electrolytes are required. 

At first reading, the calculations to be 
described may appear laborious. A 
trial will show that the work is less than 
that required to calculate the results 
of a complete water analysis from the 
laboratory determinations. It should 
be noted also that the most difficult part 
is the evaluation for the boiler water of 
and Gz of Eqs. 11 and 15. In modern 
boiler plants, the boiler water analysis 
is held within rather narrow limits. 
Hence xz and Gz need be calculated only 
infrequently compared to the calcula- 
tions on the steam. The latter calcula- 
tions are very simple and easy to make 
with the help of Tables II and IV. 

The method is based upon the fol- 
lowing ideas: analysis of steam is difficult 
due to its extreme dilution; hence the 
number of determinations to be made 
on the steam sample should be reduced 
to a minimum, and the steam analysis 
calculated, in so far as possible, from 
the boiler water analysis. To do this 
it is necessary to have a sufficient num- 


= 6 
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ber of equations connecting the steam 
analysis and the boiler analysis to cal- 
culate the fraction of boiler water carried 
over with the steam, the corrections to 
be applied to the conductivities, and the 
concentrations of all important sub- 
stances in the steam. The necessary 
equations are Eq. 11, relating conduc- 
tivity of steam and boiler water, Eq. 15, 
relating G of steam and boiler water, 
and Eq. 16, relating nonvolatile material 
in steam and boiler water. These equa- 
tions are not independent, since they all 
involve the fraction f of boiler water 
carried over with the steam. Since the 
relation between them is not simple, they 
must be solved by successive approxima- 
tions. 

Referring to Eqs. 1 and 2, it is evident 
that the contribution of the ions to the 
conductivity can be separated into two 
parts such that «x, represents the con- 
tribution to the conductivity 

« = 10°° 2; Ci = + . (10) 
of all ions whose concentrations are in- 
volved in equilibria (that is, are de- 
pendent on pH) and x, represents the 
conductivity due to ions not involved in 
equilibria and is therefore independent 
of the concentration of the contaminat- 
ing gases such as CO2 and NH;, and also 
of the concentration of substances like 
phosphates which may be entrained 
from the boiler. If the same thing be 
done for the boiler water, then the frac- 
tion of boiler water carried over, f, is: 


where the subscripts S and B indicate 
quantities evaluated for the steam and 
boiler water, respectively. xs is the 


measured conductivity of the steam. 
Since boiler water may be too concen- 
trated to permit the assumption that the 
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measured conductivity can be evaluated 
using the ionic equivalent conductances 
at infinite dilution, x, must be inter. 
preted as the conductivity one would 
obtain if no interionic forces existed, 
The conductivity xg corrected for inter- 
ionic forces may be defined by x, = 
10-* Ao C, whereas the measured con- 
ductivity is x = 10-* A C, whence we 
obtain: 


where Ao is the equivalent conductance 
at infinite dilution and A is the equivalent 
conductance at concentration C. The 
theory for the conductance of mixed 
electrolytes is not sufficiently well de- 


veloped to allow us to predict “ for a 


given solution. If the water analysis 
is known, the “mixture rule” may be 
used, as in the example given later in 
this section. If the analysis is not 
known, it seems reasonable that this 
ratio will not differ greatly from that 
for the predominant salt in the solution 
(usually Na2SO,) when the concentration 
of this salt is such that its conductivity 
is the same as that of the boiler water. 
From the data given in Table II, a plot 
of xg versus x can be made, from which 


A 
ky can be read directly. A plot of ” 


versus x’ is practically a straight line 
(41) whose equation is: 


A 
- — 1 = ax'/? (where a is a constant | a 


for a given electrolyte 
Introducing this into Eq. 12: 
kp = (1 + axll?)x......... (13) 


Values of the constant a for various 
electrolytes are also given in Table IL. 

The contribution to the conductivity 
of the ions involved in the equilibria 
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can be easily evaluated using the data 
of Tables III and IV, and the known pH 
and concentrations of the boiler water. 
Since the boiler water is fairly concen- 
trated, it will be necessary to use the 
activity coefficients of the ions. Hence 
the ionic strength must at least be ap- 
proximately known. For a given water 
supply and treatment, the relative con- 
centrations of the ions in the boiler water 
vary in a fairly definite manner during 
the operating run. This fact will allow 
one to establish a relation of conductivity 
to ionic strength from previous analyses 
of the boiler water. 

The ion concentrations obtained from 
this calculation allow the evaluation of 
the quantity G for the boiler water (see 
discussion of Eq. 3), where: 


G = sum of the charges on all ions involved 


If the quantity G is evaluated for both 
steam and boiler water, then: 


GsVs = 


And since, at 25C., the densities of 
steam and boiler water are nearly identi- 


cal, the fraction of boiler water in 
steam is: 


In addition, the nonvolatile materials 
in the steam may be calculated from 
those in the boiler water from: 


nonv olatile material in steam 


. (16) 


~ nonvolatile material in boiler water’ 


The relation 16 will hold for total phos- 
phates and sulfites, and for any other 
nonvolatile substances. 

The procedure for making the calcula- 
tion is as follows. The denominator of 
Eq. 11 and Gz, are calculated from the 
boiler water analysis. Assuming a rea- 
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sonable value for the pH of the steam, 
the numerator of Eq. 11 is evaluated | 
from the known concentration of the 
contaminating gases in the steam. An — 
approximate value of f is thus obtained | 
which allows the calculation of Gs and 
the phosphate, sulfite, etc. in the steam 
using Eqs. 15 and 16. Making use of © 
graphs constructed from the data of 
Table IV, a pH is found by trial which 
satisfies the initial value of Gs. The 
numerator of Eq. 11 is then recalculated 
using this new pH value, giving a more 
accurate value for f. The process is 
repeated until successive calculations of 
f produce no further appreciable change. 
The percentage carry-over is then 
f X 100. 

The procedure is illustrated by the 
following example, using the water 
analyses given in Table I. 

In order to calculate G, (Eq. 15) and 
the denominator of Eq. 11, it is necessary 
to calculate the ion concentrations exist- 
ing at equilibrium. Assuming first that 
the activity coefficients are each unity, | 
and referring to Table IV, we find for 
pH = 11: [OH-] = 1.008, [HCO;-] = 
0.1754C, [CO;—] = 0.8246C, [HPO.—] 
= 0.9090P, [PO;-—] = 0.0909P. Using 
these factors, column b of Table I is 
calculated from column a, and columnc 
calculated by multiplying the quantities 
in columns 6 or a by the valence of the 
several ions. The concentration of so- 
dium is then found by summing the 
equivalents per million in column c for 
the negative ions, assuming sodium to 
be the only metal present. The ionic 
strength w is then calculated by the 
equation 


— 


“2 


(In this equation C is the concentration 
in moles per liter, and v is the valence of 
each ion.) The activity coefficients y 
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are then calculated using log y; = 
—0.5066 and found to be: 

for monovalent ions, 7, = 0.80 

for bivalent ions, v2 = 0.41 

for trivalent ions,  y3 = 0.13 
The corrected ion concentrations are 
then calculated, using the quantities 
read from Table IV as follows: 


[OH-] = 


0.1754/y1 
HCO;-] = 
= 1754/y, + 0.8246/72 


[CO;-~] = C — [HCO;"} 


0.9091 


[PO = 


] = 


P — (HPO; 


The quantities thus obtained are tabu- 
lated in column d, Table I. Recal- 
culating the sodium concentration from 
these corrected ion concentrations we 
find it to be 26.4 (column e). (When the 
pH value is higher than 11, the [OH-] 
should be determined in accordance with 
the A.S.T.M. Tentative Method for 
Determination of the Hydroxide Ion in 
Industrial Waters (D 514-38 T).® 
Since this result differs but slightly from 
the result of the initial calculation, and 
the equation for the activity coefficients 
is only approximate, the quantities 
entered in column d and e are taken as 
the correct concentrations. From 
column e, Gz is found to equal —3.06. 
The contribution of each ion involved in 
equilibria to the conductivity, entered in 
column f of Table I, is calculated by 
multiplying the values from column e 
by the proper Ao values from Table III. 

The quantity xz, the conductivity cor- 
rected for interionic attraction, may be 
calculated in several ways, depending on 
the completeness of analysis of the boiler 
water. If the sulfate and chloride con- 
centrations are unknown, perhaps the 
best assumption would be that the boiler 


° 1939 Book of A.S.T.M. Standards, Part III, p. 1111. 


water behaves like a solution of the pre- 
dominant salt (Na2SO,4) having the same 


A 
conductivity. From a we of 7 versus 


for NaeSO, (Table 


be 1.31. 

If the sulfate and chloride are known, 
a better value is obtained by using the 
“mixture rule” (2, 67) that is, by taking 
the weighted mean of the A values for 
Na2SO, and NaCl, each read from a plot 
of A versus C, at the equivalent concen- 
tration of the boiler water. At 26 epm., 
A = 104.3 for NaeSO, and 114.5 for 


is found to 


NaCl. The weighted mean . = 


4X 129.9 + 1 X 126.45 

4 X 104.3 +1 X 114.5 

ing all uni-univalent salts behave like 
NaCl and all uni-bivalent salts behave 
like Na2SO,. Using this value: 


kp = « X 1.22 = 4330 X 1.22 = 5280 


= 1.22 assum- 


The denominator of Eq. 11 is then: 


5280 — (sum of values given in column f, 
Table I) = 5280 — 154 = 5130 


The numerator of Eq. 11 must next be 
calculated. Assuming as a first ap- 
proximation that the pH of the steam is 
determined solely by the CO2 and NH;, 
Gs must be approximately zero. (By 
the equation of electrical neutrality, Gs 
would be exactly zero if the entrainment 
were zero.) From plots of the data of 
Table IV we obtain for the steam: 


(H*} + [NH,*] -- [HCO;-] = Gs (approximate) 
at pH 5 , 0.0101 + 0.023 — 0.0413 ‘x 
(0.0032 + 0.023 — 0.12 X 0.23 
= —().0014 

0.004 + 0.023 — 010 xX 0.23 
= 0.004 


at pH 5.5, 


at pH 5.4, 


Using the values at pH 5.5, the numera- 
tor of Eq. 11 is found to be: 


6.0 — (350 X 0.0032 + 73.4 X 0.023 + 44.5 X 
0.0276) = 1.96 
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The first approximation to f (Eq. 11) is 


then: 
1.96 


~ 5130 


= 3.82 X 


Whence, using Equation 15: 


Gs = f X Ge = 3.82 X (—3.06) 


= —0.0012 


and phosphate in the steam, using Eq. 
16 is: 


Ps =f X Pe = 3.82 XK 104 K 0.53 = 0.0002 


where Ps and Pz, represent the total 
phosphate in steam and boiler water, 
respectively. The value of Gs just 
found must agree with that used for 
calculating f, from which it was first 
necessary to omit the phosphate. Re- 
calculating this as follows: 

(H*+] + [NH,*] — [HCO] — = Gs 
At pH. 5.5, 0.0032 + 0.023 — 0.12 XK 0.23 — 
0.98 0.0002 = —0.00106. 

The values for Gs (that is, —0.0012 and 
—0.0016) agree as well as could be 
expected, considering the possible errors 
in analysis of both steam and _ boiler 
water. If reasonable agreement is not 
obtained on first trial, the process is 
repeated until successive values of Gs 
agree. If the change produced in Gs 
by a change of pH of 0.1 is greater than 
the difference between successive values 
of Gs, the agreement is satisfactory. 

Again using Eq. 16: 
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Dissolved solids 
in steam = f X dissolved solids in boiler water 
= 3.82 X 10-* X 2092 = 0.80 ppm. ; 


If desired, the complete analysis of the 
steam may be calculated. Some of the 
calculated values are summarized in the 
steam analysis of Table I. 

The data given in Tables II and IV- 
have not been presented in curve form 
because of the difficulty and expense of © 
reproducing curves of sufficient accuracy 
to be useful. It is felt that more useful | 
and readable plots can be made by the 
reader. It is very likely that this 
method can be simplified in specific cases. 
Due to the lack of sufficiently complete 
data in the literature, the author has 
been unable to try the method under — 
sufficiently wide variety of conditions to 
decide when simplification is possible. 
It is hoped that these conditions will be 
revealed by trial of the method. 

The reader may wish to consult one or 
more of the following books for a de- 
tailed discussion of the methods and 
theory of conductance measurements: 
M. Dole, “Experimental and Theoretical Elec- 

trochemistry,” McGraw-Hill Book Co., New 

York, N. Y. (1935). 

D. A. MacInnis, “Principles of Electrochem- 
istry,” Reinhold Publishing Corp., New 
York, N. Y. (1939). 

S. Glasstone, “Electrochemistry of Solutions,” 
D. Van Nostrand Co., New York, N. Y. (1937). 

H. J. Creighton, “Electrochemistry,” Vol. I. 
John Wiley and Sons, Inc., New York, N. Y. 

(1935). 
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EXPERIMENTAL METHODS OF DETERMINING CONDUCTIVITY CORRECTIONS FOR DISSOLVED 
Gases IN STEAM CONDENSATE 


By S. F. Wurrt AND W. A. LOWER 


CALCULATION OF CORRECTIONS TO CONDUCTIVITY MEASUREMENTS FOR DISSOLVED GASES 


Mr. Everett P. PArtripce.'—One 


basic assumption has been applied but 
not explicitly stated by Mr. Whirl. 
He has assumed that, when ammonia 
and carbon dioxide are distilled from the 
steam condensate and collected in water 
free of dissolved salts, the conductivity 
measured in the distillate is identical 
with the increment in conductivity pro- 
duced by these gases in the actual steam 
condensate containing dissolved salts 
from carry-over. However, there will 
be at least a theoretical difference, the 
magnitude of which will depend upon 
the extent to which hydroxide or phos- 
phate has been introduced into the 
steam condensate by carry-over of boiler 
water. In most cases this difference 
will be negligible, but it seems wise to 
emphasize whenever possible the fact 
that the effect of ammonia and carbon 
dioxide, separately or together, upon 
conductivity is not fixed, but depends 
upon the pH of the solution in which 
they are present. 

Anyone who will take the time to 
study Mr. McKinney’s most thorough 
paper must stand indebted to him. 
Here is outlined in complete detail what 
can be done to obtain from observed 
conductivity readings a_ theoretically 
correct indication of the dissolved solids 


! Director of Research, Hall Laboratories, Inc., Pitts- 
burgh, Pa. 


By D. S. McKINNEY 


in a sample of steam condensate. | 
should like to point out only that, for 
ordinary work, much of the calculation 
necessary in the rigorous application of 
his procedure on pages 1292 to 1295 may 
be avoided. 

In Eq. 11, the fraction of boiler water 
in the steam is expressed as 


Ks = Kes 


Ks — Kes 


The second term in both the numerator 
and the denominator is really a cal- 
culated correction to be subtracted from 
the corresponding first term derived 


from actual measurement. Using the 
values in the example calculated in the 
paper from the data in Table I, 


Ks — Kes 
Kp Ker 


6.0 — 4.04 


— = 3.82 X10" 
(4330 X 1.22) — 154 
5280 


it is evident that the correction of 4.04 
for the effect of dissolved NH; and CO; 
in the steam must be applied, but that 
the correction of 154 for the effect of 
ions involved in equilibria dependent 
upon pH may be neglected in comparison 
with the value of 5280 for the boiler 
water calculated to infinite dilution. 
In fact, omission of this correction 
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changes the calculated value for dis- 
solved salts in the steam only from 0.80 
to 0.78 ppm. 

Under the condition of very slight 
contamination of the steam assumed in 
the problem, the effect of any shift in 
the phosphate equilibrium in the steam 
condensate with pH is almost infinitesi- 
mal. The numerator of Eq. 11 was 
therefore obtained by applying to the 
measured conductivity of the steam 
condensate the correction calculated 
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accompanying Fig. 1. For example, 
Mr. McKinney has assumed in his — 
example steam containing 0.4 ppm. 
NH; and 10 ppm. total COs. The- 
“free” COs, or undissociated carbonic 
acid corresponding to the latter value — 
was calculated by him to be 8.8 ppm. 
From Watson’s curves, the correction 
to be subtracted from the observed | 
conductivity would be read as 4.1, which | 
compares well with the value of 4.04 
calculated by McKinney. 


from the determined values for NH, 
and COs. To save time in calculating 
the correction, it is possible to use the 
curves of Watson? reproduced in the 


. ? When originally developed, and when presented as 
discussion of the paper by W. B. Gurney, M. C. Schwartz 
and T. E. Crossan, “Determination of Purity of Steam 
by the Electrolytic-Conductivity Method,” Transac- 
tons, Am. Soc. Mechanical Engrs., Vol. 62, pp. 728-733 
(1940), see pp. 732-733, these curves were based upon an 
assumed value of 70 for the conductivity of HCOs™ ion. 
hey have now been revised, using the value of 44.5 given 
by D.A. MacInnes, “The Principles of Electrochemistry,” 
p. 342, Reinhold Publishing Corp., New York, N. Y. (1939), 
which was brought to our attention by Mr. McKinney. 
A felerence net of calculated pH values has also been 
ed. 
Copies of these curves on 8} by 11-in. coordinate 
paper are available on request from Hall Laboratories, 
ne., 300 Ross St., Pittsburgh, Pa. 


Free CO2, ppm. 
Fic. 1.—Effect of Ammonia and Carbon Dioxide on Conductivity of Steam Condensate. 
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It has been noted above that, in the 
example given by Mr. McKinney, the 
correction term in the denominator of 
Eq. 11 may be neglected with little loss 
inaccuracy. The first term is calculated’ 
very simply by multiplying the observed 
conductivity of the boiler water by the 
factor necessary to convert it to a 
hypothetical state of infinite dilution. 
This factor may be obtained, as pointed 
out by the author, either as a first 
approximation by assuming that the 
boiler water is NaSO,, or by applying 
the law of mixtures. 
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It was possible to discard the correc- 
tion term in the denominator in the 
example cited, because the concentra- 
tions of ions involved in equilibria 
dependent upon pH, that is, phosphate 
and carbonate, were low relative to those 
of ions whose equilibria are practically 
independent of pH, that is, sulfate and 
chloride. If this relation were reversed, 
as it might be in a central-station boiler 
with evaporated make-up, the correction 
term might become so large in com- 
parison with the first term that it 
should not be neglected. 

As mentioned in the companion paper 
in this symposium by Mr. Kaufman,’ 
even the most precisely measured and 
precisely corrected value for the con- 
ductivity of steam condensate does not 
yield a direct answer to the practical 
questions of the boiler operator, but 
must instead be interpreted in the light 
of experience in the particular plant 
concerned. While expressing gratitude 
to Mr. McKinney for his most thorough 
analysis of the correction problem, the 
writer feels that the simplified procedure 
suggested above will be adequate for 
most studies in power plants. The 
extreme case in which it might be 
desirable to follow completely the rigor- 
ous treatment given in the paper would 
be provided by a boiler with uncon- 
taminated condensate return and uncon- 
taminated distilled make-up in which 
only a phosphate salt was used for 
internal conditioning, since carry-over 
would then provide chiefly ions whose 
equilibria were dependent upon pH. 

I wonder whether Mr. Whirl could 
give us a summary of the lack of cor- 
relation between steam contamination 
and turbine deposits. I think that might 
be interesting. 

Mr. J. B. Romer.*—The determina- 
tion of steam quality has presented 
See p. 1326. 


4 Chief Chemist, The Babcock & Wilcox Co., Barber- 


several problems. Conductivity meas- 
urements have always been hampered 
by the corrections necessary for dis- 
solved gases. The authors are to be 
congratulated on their work. As has 
been brought out at different times, am- 
monia and carbon dioxide shouldbe 
eliminated, if at all possible, in order to 
reduce the correction factors to the 
lowest possible point. 

It was the experience of Mr. Rummel, 
and it has been our experience, that 
careful work will produce results indicat- 
ing that the gas corrections are correct— 
certainly within the limits of the entire 
procedure. 

Any contribution that tends to in- 
crease the accuracy of the correction, or 
to produce a method whereby the gases 
can be completely eliminated, is a 
worthwhile contribution to this whole 
problem. 

Steam containing one-quarter part of 
solids per million parts represents a 
degree of purity that is rarely obtained 
in any industrial process. This is cer- 
tainly true in any large-scale production. 
Modern turbines handle many millions 
of pounds of steam in the course of a 
single run and if any appreciable per- 
centage of the solids in steam adheres to 
any one stage of the turbine, loss in 
turbine efficiency quickly becomes a 
serious item and for this reason a high- 
grade steam is very important to the 
powerhouse industry. 

Mr. M. C. Scuwartz.’—It should be 
pointed out that the measurement of 
steam purity will give varying results, 
depending upon the method used. For 
example, gravimetric analysis of the 
evaporated residue from a condensed 
steam sample shows a large proportion 
of the residue to be iron. An analysis 
of the same condensed steam sample by 
electrolytic conductivity measurement 

Assistant Professor of Chemical Engineering, an¢ 


Research Associate in Water Technology, Louisiana State 
University, Baton Rouge, La. “ae 
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does not indicate the presence of iron in 
solution. The significance of the pres- 
ence of iron in the condensed steam 
remains to be determined. However, 
it is interesting to note that the iron 
content of the condensed steam sample 
seems to be independent of the nature 
of the steam sample, that is, whether 
saturated or superheated. The iron 
appears to originate from the boiler 
water, which itself is oxygen free. 

Another point worth considering in 
the problem of determining steam purity 
is the correlation between the material 
found as impurities in the steam and 
the nature and amount of the materials 
that become adherent in the steam 
system beyond the boiler. The amounts 
of materials adhering appear to be less 
than would be expected from considera- 
tion of steam purity and steam flows. 
Certain constituents in the steam, such 
as silica, become more adherent than 
other more soluble constituents. 

The relationship between the im- 
purities carried over into the steam from 
the boiler water to the chemical com- 
position of the boiler water itself does 
not appear to be proportional. 

All these considerations which are 
complex in actual practice deserve the 
attention of all workers in this inter- 
esting field. 

Mr. M. D. BAKeEr® (by letter).—The 
importance of low carry-over of dis- 
solved solids in steam cannot be over- 
emphasized, as the increased demand on 
the generating capacities of all power 
Stations requires that units remain in 
service for prolonged periods. The re- 
sult is that carry-over that was once 
permissible because it was removed by 
washing each time the unit was taken 
out of service cannot now be tolerated, 
as the shut-down periods are further 
apart and the accumulation on the 


Chief Chemist, West Penn Power Co., Springdale 
Station, Pittsburgh, Pa. 
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blades may cause a large loss in ef- 
ficiency and output. 

Topping units with periods of months 
and sometimes over a year of continuous — 
operation demands clean steam for their 
operation. A unit that uses 1,000,000 
Ib. of steam per hr., if that steam 
contains 0.25 ppm. of solids, has de- 
livered to it 6 lbs. of solids each 24 hr. 
The retention on the blades of a small 
percentage of this material will quickly 
affect the unit. Also, the retention of. 
solids in the superheater may cause 
tube failures and subsequent removal 
of a boiler from service. 

These facts make it imperative that 
the quality of the steam be known. To 
obtain the information, a rapid, accurate, 
and dependable method for analyzing 
the steam is required. Also, the satu- 
rated steam must be sampled at a 
sufficient number of points so that a 
true cross-section of all the steam de- 
livered to the superheater will be known. 
Representative superheated steam 
samples by themselves will tell the 
quality of the steam delivered to a 
turbine but will not give any indication 
of the deposition in the superheater. 
As mentioned by the authors, the con- 
ductivity method is the most rapid and 
is best adapted for a continuous flow 
determination, but it is accompanied 
with the error caused by the presence of 
dissolved gases. The correction for 
these gases must be made to determine 
the actual solids that are carried over 
in the steam. The elimination of the 
gases by the controlled concentration 
of a condensed steam sample and meas- 
uring the conductivity of the solids 
remaining is a simple and _ practical 
method that has proved satisfactory. 
This method gives one correction for all 
the dissolved gases but does not attempt 
to analyze the gases. 

Gas corrections made by concentrating 
the condensed steam samples obtained 
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during actual steam quality tests on 
boilers do not agree with the data as 
presented in Table I of the paper by 
Whirl and Lower, which tabulates the 
results of laboratory experiments re- 
garding the elimination of ammonia. 
Numerous tests made by concentrating 
a sample to one fifth its original volume 
gave zero ammonia by direct Nessleriza- 
tion. To obtain these results it was 
necessary to avoid contamination by re- 
absorption of gases during cooling of the 
sample. Care had to be taken in the 
preparation of the Nessler’s reagent and 
in the actual testing for ammonia. 
The greatest error was found to be in 
the quality of the Nessler’s reagent used. 
Zero ammonia was obtained on concen- 
trated steam samples that originally 
contained 0.4 ppm. ammonia and 1.0 
ppm. dissolved solids. The ammonia 
determination on the concentrated 
samples was made only to determine if 
all the dissolved gases originally present 
had been eliminated. The assumption 
was that if the ammonia was eliminated, 
the other gases would also be absent. 

The procedure used for routine test- 
ing at Springdale Station is to collect 
samples simultaneously from the eight 
sampling points across the boiler drum. 
At the same time conductivity readings 
are made in a flow cell that discharges 
into the sample flask. One liter of each 
sample is placed in a two-liter Erlen- 
meyer flask and then evaporated to 
approximately 200 ml. The concentrate 
is then carefully cooled, and the con- 
ductance is determined. The volume 
of concentrate is measured, after which 
the ammonia test is made to determine 
whether all dissolved gases have been 
removed. The solids in the original 
sample are then calculated by dividing 
the amount of solids in the concentrate 
by the number of concentrations made 
by evaporation. 


THe CHARMAN (Mr. R. E. Hall’) 
I have a question I should like to ask 
Mr. Whirl. I noticed that in the table 
he gave, he reported analyses for CO, 
of 0.5 and 1 part per million, and so on, 
Can we get accuracies of that sort with 
certainty? 

Mr. F. R. Owens? (by /etter).—It is 
my opinion that the method as proposed 
by McKinney will serve as an excellent 
referee method, but, as a guide in daily 
operations, I question its applicability. 

It is essential, especially in high-pres- 
sure operations, to resort to a check on 
steam quality which is continuous; hence 
obviously any batch method of determin- 
ing the mineral content of the steam will 
be found to be inadequate. It has been 
our experience that by resorting to suit- 
able means for degasification of samples 
of condensed steam prior to determining 
the conductivity, a method results 
whereby a continuous check is main- 
tained on the steam quality and at the 
same time correction factors for carbon 
dioxide and ammonia become negligible, 
because with adequate reduction of the 
partial pressure of these two gases and 
sufficient time for their removal, the 
correction factor will be fairly constant, 
at least for practical purposes. 

From the. operating viewpoint, ac- 
curacy in the determination may be 
sacrificed for speed and continuity. 
It is nonessential whether the mineral 
content of the steam is 0.42 ppm. or 
0.50 ppm. It is essential that the 
operator have at his disposal a means 
which quickly and continuously reveals 
radical increases in the amount of en- 
trainment, since he can then resort to 
corrective measures without delay. 

A method such as the author outlines 
can be used advantageously for oc- 
casional checks on the continuous 


? Director, Hall Laboratories, Inc., Pittsburgh, Pa. 
‘ 8 Cyrus Wm. Rice and Co., Inc., Pittsburgh, Crafton, 
a. 
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method of maintaining a check on 
steam quality. 

Messrs. S. F. Wuirv’ and W. A. 
LoweEr® (authors’ closure, by letter).— 
In developing the method outlined in 
this paper for correcting conductivity 
measurements for the presence of dis- 
solved gases, the authors sought to 
eliminate the two principal sources of 
error involved in other laboratory pro- 
cedures: namely, errors in analyses and 
those due to a disregard of the effect of 
the gases on each other and on the 
solution. This was accomplished by 
the elimination of all chemical tests and 
the determination of one correction fac- 
tor which represents the combined 
effects of all gases. 

As explained by Mr. Partridge, in 
those cases where the pH of the steam 
sample differs from that of the distillate, 
the measured correction will not be 
theoretically accurate. As he points 
out, the differences will usually be 
negligible, however. The magnitude of 
the correction will, in general, far over- 
shadow the minute amounts of alkaline 
chemicals normally encountered in 
steam; in fact, this correction is usually 
greater than that of the conductivity 
due to all of the salts. 

Again the authors wish to emphasize 
that the analytical procedures in com- 
mon use are a possible source of errors 
of considerable magnitude in any method 
based on their use. This is particularly 
true at low concentrations, especially for 
“free” carbon dioxide. The data in 
Table III were presented solely for the 
purpose of comparing the performance 
of the proposed method with that of 
other procedures which involve analyti- 
cal testing. 


* Chief Chemist, and Chemical haiesotony Supervisor, 
respectively, Duquesne Light Co., Pittsburgh, Pa. 


Mr. Baker’s remarks concerning the 
quality of the Nessler reagent in the 
determination of ammonia are most 
timely. ‘The temperamental behavior of 
this solution is fully recognized. An 
investigation in the authors’ laboratory 
showed that sensitivity is a function 
of both the chemicals used and the age of 
the solution. However, the use of 
freshly prepared standards tends to 
compensate for its variable sensitivity. 
A possible explanation of Mr. Baker’s 
diverse results may be his use of per- 
manent standards (3).° On the basis 
of the authors’ experience, it is difficult 
to understand the values of 0.00 ppm. 
of ammonia which he has reported. 

In answer to Mr. Partridge’s question 
concerning the correlation of steam 
condensates and steam turbine deposits, 
the amount of solid matter in the steam 
is only one of the controlling factors. 
Of major interest are the amount and 
location of those chemicals which “stick 
and stay stuck.” Briefly, the other 
determining variables are: the nature of 
the solids, temperature, pressure, ve- 
locity, pH of the steam, and the design 
and operation of the turbine. In an 
Edison Electric Institute report (48a) 
based on the analysis of data from 42 
operating stations, the importance of 
operation was stressed very strongly. 
It was stated that “Stations with swing- 
ing loads or with frequent idle periods, 
by virtue of the washing effect of the 
moist steam, are not troubled appre- 
ciably, and then, in most cases, only 
with small amounts of insoluble de- 
posits.” It was also concluded from 
this survey that the solid content of the 
boiler water is not an index of the 
composition of the turbine deposits. 


10 The boldface numbers in parentheses refer to the re- 
ports and papers appearing in the bibliography appended 
to this symposium, see p. 1338. 
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DEGASIFICATION OF STEAM SAMPLES FOR 
CONDUCTIVITY TESTS 


By P. B. PLAce! 


This paper is a summary of the methods and apparatus available for the 
elimination from steam samples, of gaseous impurities that affect conductivity 
measurements. The principles involved in the various methods are briefly 
discussed and the apparatus as developed by various investigators is described. 

Complete climination of gases depends on the continuous removal of the 
gases from above the liquid sample and on the time allowed for liberation of 
the residual gases from the liquid under low-differential partial-pressure 
conditions. 

In their present state of development, continuous flow degasifiers will 
reduce carbon dioxide to an amount that constitutes a negligible conduc- 
tivity error for commercial testing. Ammonia, being more soluble and having 
a very high conductivity, is much more difficult to reduce to negligible amounts, 
and it is usually necessary to make conductivity corrections for the residual 
ammonia left in the degassed sample. At least one investigator claims com- 
plete elimination of both carbon dioxide and ammonia, and with proper duc 


control of time, temperature, scavenging, and surface conditions, it appears Sen 


that complete elimination is possible. _ gs 


One of the problems in the develop- 
ment of the conductivity method for 
testing steam purity has been the cor- 
rection for, or elimination of, acid and 
basic gases in the steam which yield 
ionized compounds in solution that con- 
tribute to the conductivity of the sample 
but which yield no solid residue on 
evaporation. Although such gases as 
NH;, H2S, and SO, constitute an 
impurity in the steam, they are not 
classified as such in a commercial sense 
because they yield no solid residue that 
will deposit in superheater tubes or on 
turbine blades. 

There are obviously two methods of 


1 Combustion Engineering Co., Inc., New York, N. Y. 
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approach to this problem. The amount 
of gaseous impurity in the sample may 
be determined and a suitable correction 
applied to the conductivity of the 
sample, or the gaseous impurity may be 
eliminated from the sample before the 
conductivity of the latter is measured. 

The determination of a suitable cor- 
rection for the gaseous impurities is 
difficult, although much progress has 
been made in this direction. Not only 
is the conductivity of some of these 
gases much greater than the conduc- 
tivity of the neutral salts normally 
present in the steam, but the amount of 
gases may vary considerably because 
the gas carry-over from the boiler is 
not a function of the moisture carty- 
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over but rather a function of the rate 
of gas liberation in the boiler. 

In view of these difficulties, it would 
appear to be easier and more desirable 
to eliminate the gases from the sample 
before the conductivity tests are made 
and thus avoid making any corrections. 
Other papers in this symposium deal 
with the determination of, and correc- 
tion for, gaseous impurities and _ this 
discussion will deal wholly with methods 
that have been developed for elimina- 
tion of the gases from the steam sample. 


THEORY 


Gases are held in solution in condensed 
steam in two ways. The gases may be 
in simple solution by virtue of their 
partial pressure, or they may combine 
in solution for form ionized compounds. 
Gases in simple solution are relatively 
easy to eliminate and do not form ionized 
compounds that affect conductivity 
tests. Acid and basic gases combine 
with water or with each other to form 
ionized compounds that do affect con- 
ductivity and such gases are more dif- 
ficult to remove than gases in simple 
solution. 

The elimination of gases from simple 
solution is the reverse of absorption, 
which follows Henry’s law. This law 
states that at any constant temperature, 
the weight of gas dissolved by a definite 
volume of liquid is proportional to the 
partial pressure of the gas above the 
liquid. The greater the partial pressure 
imposed on the liquid, the more gas 
there is in solution when equilibrium 
conditions are established. Conversely, 
the lower the partial pressure of gas 
above the liquid, the less gas there is 
in solution under equilibrium conditions. 

All methods of degasification are 
primarily aimed at reduction of partial 
pressure. In degasification, the gas is 
liberated from the liquid to approach 
the partial pressure corresponding to 
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the equilibrium conditions. For com- 
plete elimination of the gas, it is neces- 
sary to continuously destroy this equi- 
librium by continuously removing the 
liberated gas from the space above the 
liquid and to allow time for the residual 
gas to liberate itself under conditions 
of a constantly decreasing differential 
partial pressure. 

As in all reversible reactions governed | 
by the law of mass action, the rate at 
which equilibrium is reestablished by 
further liberation of gas will decrease 
as the concentration of dissolved gas 
decreases. It will also decrease as the 
differential partial pressure between 
gas in solution and liberated gas, de- 
creases. It is evident that for complete 
elimination of gases from solution, not 
only must the liberated gas be com- 
pletely removed from the space above 
the liquid, but time must be allowed for 
the liberation of residual gas under 
constantly decreasing, low-differential, 
partial-pressure conditions. 

A resistance to the rate of elimination 
is the rate of diffusion through the 
liquid and through the gas film at the 
surface of the liquid. The rate of 
diffusion through the interface is a 
controlling factor in the elimination of 
gases from liquids in the quiescent state. 
Boiling, bubbling inert gas through the 
liquid, shaking, or otherwise disturbing 
the interface films, contributes greatly 
to speeding up the rate of transfer in an 
unbalanced equilibrium and degasifica- 
tion may be materially hastened by 
increasing the temperature of the sol- 
vent, by reduction in the total pressure 
above the liquid, or by use of scavenging 
carriers such as steam or an inert gas 
which sweeps the liberated gas out of 
the liquid and away from the space 
above the liquid. 

The usual undesirable gases found in 
steam are CO. and NH;. Gases other 
than these are seldom found and this 
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discussion will be limited to these two. 
These two gases, in solution, unite with 
water or with each other to form one or 
more unstable salts. An equilibrium 
is set up between the amount of gas 
above the liquid, the amount in simple 
solution, and the amount in chemical 
combination. The distribution of the 
gas in this equilibrium depends on tem- 
perature, concentration, pH value and 
other factors. McKinney (37)? and Am- 
orosi and McDermet (1) have discussed 
this equilibrium and described methods 
for calculation of the distribution in 
dilute solution. 

Here again degasification depends 
largely on reduction in partial pressure. 
Reduction or elimination of the gas in 
simple solution shifts the unstable equi- 
librium to the left and results in reduc- 
tion of the ionized portion of the gas. 
Although such factors as temperature 
and partial pressure can be controlled 
to favor the elimination of the gas in 
simple solution and reduction in the 
ionized portion, the pH value of the 
sample cannot be controlled by the 
addition of chemicals without making 
the sample useless for steam purity 
tests. Elimination therefore depends 
not only on the continuous removal of 
gas above the liquid, but also on main- 
tenance of conditions of temperature; 
surface, scavenging, and time to favor 
the shift in distribution of gas from 
ionized form to simple solution. 

It is generally accepted that CO, may 
be easily reduced to an amount that 
does not constitute an appreciable con- 
ductivity error in steam purity tests, 


but that NH; is much more difficult to 
reduce to a similarly negligible amount. — 
The reason for this is probably threefold. 
First, COz is less soluble than NH; and 


for the same concentration it has a 


? The boldface numbers in parentheses refer to the 
reports and papers appearingfin the bibliography ap- 


pended to this symposium, see p. 1338. Oo 
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proportionately larger partial pressure 
to work on. Second, the conductivity 
of NH; is about ten times that of CO, 
and it is necessary to reduce the NH; 
concentration to a much lower value to 
give a similar conductivity error. Third, 
CO, cannot be detected in small amounts 
with the same accuracy as NH; and it 
is relatively easy to obtain negative 
tests that indicate complete elimination 
of this gas. If tests for COz2 were as 
accurate as for NH3, conclusions as to 
the relative ease of complete elimination 
of these two gases might be different. 

There may be some question as to 
whether a very soluble and high con- 
ductivity gas such as NH; can be suf- 
ficiently eliminated in continuous flow 
degasifiers or by simple distillation to 
reduce its conductivity error to a 
negligible value. The elimination of an 
acid -gas such as CO is favored by a 
low pH value and the elimination of a 
basic gas such as NH; is favored by a 
high pH value. Small amounts of 
carry-over from an alkaline boiler water 
should favor rather than inhibit elimina- 
tion of NH; and there appears to be no 
good reason why complete elimination 
cannot be obtained if the various con- 
ditions of temperature, time, scaveng- 
ing, and surface are suitably controlled. 


CLASSIFICATION OF METHODS OF 
DEGASIFICATION 


The various methods in use for the 
elimination of gaseous impurities in 
steam samples may be classified as 
follows: 

1, Continuous sample methods: 
(a) Elimination by boiling. 
(b) Elimination by evacuation. 
(c) Elimination by aeration. 
2. Batch sample methods: 
(a) Elimination by distillation. 

In the continuous methods, a con- 
tinuous flow of sample is maintained 
through the degasifier, in which a com- 
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plete and continuous elimination of gas 
is attempted. The degasifier is followed 
by a conductivity flow-type cell for 
measurement of the conductivity of the 
degassed sample. 

In batch methods, steam condensate 
samples are collected and tested in- 
dividually. Distillation in some form 
is the basic process in these methods 
and the time required for such tests is 
so long that only occasional results can 
be obtained. The value of batch 
method tests is chiefly in checking con- 
tinuous flow conductivity records and 
in checking composite samples collected 
over a period of time. When the 
amount of gas in the steam is low and 
fairly constant, the conductivity of the 
steam may be determined continuously 
without degasification and the correction 
for the gases determined occasionally by 
a batch method test. Similarly, if the 
continuous flow degasifier does not give 
complete elimination of the gases, the 
residual gas in the sample may be deter- 
mined by occasional batch tests and 
suitable corrections applied to the con- 
tinuous conductivity record of the par- 
tially degassed sample. 


Application of Continuous Elimination 
by Boiling: 


Soon after the conductivity method 
had been applied to steam condensate 
testing, Rummel (53) developed a con- 
tinuous flow degasifier. The apparatus, 
modified somewhat from the original 
design, is shown in Fig. 1. The steam 
sample is first partially condensed in 
the external cooling coil located at the 
top of the apparatus. The hot mixture 
of steam and condensate is then admitted 
to the degassing chamber in which is 
located a second cooling coil and to 
which is attached a vent. By careful 
control of the flow of cooling water to 
the preliminary and final condensers, 
the condensate which collects in the 


degassing chamber is maintained at the 
boiling point and the liberated gases, 
together with some scavenging steam, 
are vented to the atmosphere. The 
gas-free condensate is drawn off con- 
tinuously from the bottom of the cham- 
ber, cooled in an outside cooling coil, 
and its conductivity measured in a 
flow-type cell. 

A somewhat different design of de- 
gasifier of the boiling type was developed 
by Gurney, Schwartz, and Crossan (20) 
and is shown in Fig. 2. In this apparatus, 
the condensed steam delivered to the 
degassing chamber is reboiled by a 
steam heated coil submerged in the con- 
densate. A reflux condenser located 
in the upper part of the chamber pre- 
vents excessive loss of steam vapor but 
allows venting of the liberated gases. 
By controlling the steam flow to the 
reboiling coil and the cooling water 
supply to the reflux condenser, the 
condensate in the chamber is kept at the 
boiling point and the liberated gases 
escape thru the vent. The steam used 
in the reboiling coil is part of the steam 
sample and the conductivity of the con- 
densate from this coil may be determined 
to give data on the undegassed steam. 

The above apparatus will eliminate all 
but a negligible amount of CO. and 
reduce the NH; concentration, but 
residual NH; should be determined 
separately and suitable corrections ap- 
plied to the continuous conductivity 
record. A typical residual of 0.14 ppm. 
of nitrogen in the form of ammonia, 
is reported by Gurney as having a con- 
ductivity correction of 1.12 micromhos. 

Straub and Nelson (63) recently re 
ported the development of the continuous 
degasifiershownin Fig.3. Thisapparatus 
is described as making use of the prin- 
ciple of boiling a sample of condensed 
steam from which the gases have been 
removed, to furnish gas-free steam, 
which in turn is used to scrub the gases 
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from the incoming sample. The prin- 
ciple feature of this apparatus is the use 
of a scrubbing tower or stripping column 
imposed over the boiling chamber. 
This tower contains a large amount of 
surface in the form of perforated plates 
over which the condensed steam sample 
flows in a thin film while being degassed. 
A reflux condenser located above the 


x. = Condenser 
| Wast 
B B / 
| 
ws Section B-B 
Preheating- 
Coil | 
A 
Scrubbing 4: 
Tower Section A-A 


a 
ADAAGAAG 


Cooling 


Water 
| 
|| @ Outlet 
“ 
\= = 
Inlet 


Fic. 3.—Straub and Nelson Degasifier. 


stripping column prevents excessive loss 
of steam but permits venting of the 
liberated gases and a small amount of 
scavenging steam. The steam sample 
is first admitted under pressure to the 
reboiling coil located in the bottom of the 
degassing chamber, where it is partially 
condensed in reboiling the collected 
condensate. The partially condensed 
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sample is next completely condensed 
and cooled in the upper external cooling 
coil. Part of this condensate is passed 
through a flow cell for determination of 
the conductivity of the undegassed 
sample and a controlled portion of the | 
remainder is admitted to the degassing 
chamber through an orifice and preheat- 
ing coil. The preheated sample is dis- 
tributed and trickled down over the 
perforated plates and is degassed by the 
steam rising from the boiling condensate 
in the bottom of the chamber. With 
this apparatus, under controlled con- 
ditions of flow, complete elimination of 
both CO, and NH; is claimed. 

Figure 4 shows a somewhat similar ap- 
paratus developed by the Elliott Co. (12). 
It utilizes the scrubbing tower principle, 
the incoming sample being distributed 
and trickled over a series of plates lo- 
cated in the steam space above the 
boiling degassed sample. An unusual 
feature of this equipment is the use of 
electric heating elements for boiling 
the condensate. Although primarily de- 
signed for removal and collection of 
gases in steam condensate, the appara- 
tus is suitable for degasification of 
steam samples for conductivity tests, 
provided the electric heating elements 
do not introduce undesirable contamina- 
tion. An advantage of the electric 
heating system is its adaptability to 
automatic control for maintenance of 
the proper operating conditions. The 
sample drawn off for conductivity test 
is cooled to a suitable temperature in an > 
outside cooling coil not shown in the. 
diagram. 

The degasifier shown in Fig. 5 is 
classified as of the boiling type, but has ~ 
the additional feature of atomization. 
Although designed primarily for the 
separation and collection of hydrogen 
and other gases from steam, it is ap-— 
plicable to degasification of the i 
samples for conductivity tests and has 
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been described by Joos (29). The appa- 
ratus consists of two chambers, one of 
which is the condensing chamber and 
the other the atomizing chamber. 
Steam is admitted under pressure 
through an orifice located in the bottom 
of the atomizing chamber. The con- 
densate which collects in the bottom of 
this chamber is atomized and boiled by 
the incoming steam and the steam vapor 
and liberated gases are swept over into 
the condensing chamber in which the 
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cycle favors efficient elimination of 
these gases. 


Application of Continuous Elimination 
by Evacuation: 


Attacking the problem of degasification | 
from a different angle, Powell (46), and 
Powell, Bacon, McChesney, and Henry > 
(47) developed the apparatus shown in © 
Fig. 6. In this apparatus, the steam sam- 
ple is condensed under reduced pressure 


Condenser and Cooling Coil... 


‘Steam Sampling 
Nozzle 


To Vacuum Pump~. 


Junction Box’ Jo Conductivity 


Recorder 


Barometric Seal 
35 ft. Lower _ 
Elevation 


Wolter Inlet 
|| Outlet 


Flow Cell 


steam is recondensed and from which 
the gases are vented. The condensed 
steam is recirculated to the atomizing 
chamber and the atomization continu- 
ously repeated. The hot, degassed con- 
densate is drawn off from the bottom of 
the atomizing chamber and cooled in 
an outside cooling coil before passing 
through a flow-type cell for conduc- 
tivity measurement. No data on 
removal of CO, and NH; are available, 
but the repetition of the atomizing 


Fic. 6.—Powell Vacuum Degasifier. 


and discharged into a flow type cell 
which is evacuated to a pressure ap- 
proaching the vapor pressure of water 
at the sample temperature. The high 
vacuum, aided by the scavenging effect 
of small amounts of water vapor drawn 
off through the evacuating element, 
maintains a practically gas-free atmos- 
phere in the system. The temperature 
in the evacuated flow cell is normally 
below 80 F. and suitable for direct 
conductivity measurement without fur- 


| 
. 
Conductivity Cell-~ 
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ther cooling. ‘The overflow from the cell 
is through a barometric water leg which 
serves as a seal. With this apparatus, 
large amounts of CO, have been reduced 
continuously to negligible residuals. Am- 
monia is reduced but complete elimina- 
tion is not claimed. Residual NH; is 
determined and suitable corrections ap- 
plied to the continuous conductivity 
record. 


Application of Continuous Elimination 
by Aeration: 


An example of aeration applied to a 
continuous flow method of degasification 
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can be applied. No data is available 
on elimination of NHs. 


A pplication of Batch Elimination by Dis- 
tillation: 


Practically all batch methods involve 
boiling and distillation, although aera- 
tion and evacuation are as applicable 
to batch methods as to continuous 
methods. In some cases, a considerable 
portion of the sample is boiled away 
with the liberated gases and the non- 
volatile impurities determined in the 
concentrated residue. In other cases, 
the object of the test is to distill off and 


SHUT OFF VALVE 


is described by Powell, Bacon, McChes- 
ney, and Henry (47). The apparatus is 
shown in Fig. 7. The condensed steam 
is atomized under pressure by a small 
spray nozzle and the resulting mist is 
aerated by an induced current of clean 
air. The mist is condensed on the 
walls of the aeration chamber and col- 
lects in a flow cell in which its con- 
ductivity is measured. The air, to- 
gether with the liberated gases, escapes 
through a vent. This method is effective 
in reducing large and variable amounts 
of CO, to small and fairly constant 
amounts for which suitable corrections 
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Fic. 7.—Powell Aerating Degasifier. 


collect the liberated gases to determine 
a suitable correction for conductivity 
data. Since methods involving the de- 
termination of gas corrections are dealt 
with in another paper,’ the only method 
discussed here will be one in which the 
primary object is the determination of 
the nonvolatile impurities in the con- 
centrated residue after the volatile 
impurities have been distilled off. 
The author has described such a dis- 
tillation method (45), using the apparatus 


3S. F. Whirl and W. A, Lower, “Experimental Methods 
of Determining Conductivity Corrections for Dissolved 
Gases in Steam Condensate,” see p. 1277. 
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A typical distillation test is shown in 
Fig. 9. A 2300-ml. sample containing 
8.5 ppm. of CO, and having a conduc- 


sent, respectively, the conductivity of 


Fic. 8.—Apparatus for Batch Distillation Test. the sample and the proportion of that 


tivity of 5.5 micromho, is concentrated _ 
by distillation to a 300 ml. residue hav- 
ing a conductivity of 2.9 micromho. 
The large rectangle and crosshatched 
square at the bottom of Fig. 9 repre- 


20) + 40 
= 
Conductivity Balance CO, Balance 
Sample =2300x55=12650 Sample=2300x65°19 550 
16 Residue = 300x29= 870 Distillate 3500'—4 32 
\ Distillate =2000 x6.2 =12400 100x42=4200|__| 
1 \ Total Accounted for =/3270 100x17= 1700 
4 Excess = 620 100x 500'|— 28 
£ ! i} Steam Purity 350 
| 300x299 Total Accounted for +10 250 
300 =0.38 Micromho Deficiency 9 300 
= 
6 6 | | 12 
+ \ 2300455 Residue 8 
La 300 x 2.9 
‘ IT 2000 x 6.2 2 (Avg.) 
O 400 800 1200 1600 2000 2400 


Volume, ml. 
Fic. 9.—Typical Distillation Test. 


calculated by proportion. 


shown in Fig. 8. A 1- to 2-liter sample conductivity due to nonvolatile im- 
is distilled and the progress of gas evolu- _ purities. 
tion noted by conductivity and titration Since the slope of the conductivity _ 
tests on the distillate. When these curve at the end of the distillation in- 

tests indicate no further evolution of dicates that gases are still being elimi- 

gas, the conductivity and volume of the nated, the curve may be extrapolated ; 
cooled residue in the still is measured to complete distillation and the double 

and the purity of the original sample hatched area subtracted as a correction. 
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Although such correction may be ques- | 
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tioned, it serves to counteract high 
results due to residual NH3 or con- 
tamination. In this case, the corrected 


‘steam conductivity would be 


300 X (2.9 — 0.8) 


2300 


= 0.27 micromho 


It has been found that CO, can be 
eliminated by this method but that last 
traces of NH; are found in the concen- 
trated residues. The amount of residual 
NH; has been reported as Varying from 
0.03 ppm. to 0.20 ppm. (57). These resid- 
uals are, however, in the concentrated 
samples and when calculated to actual 
correction on the original sample, vary 
from 0.02 to 0.36 micromho. These 
corrected values are not excessively 
large and normally will not exceed 0.2 
micromho. 

For accurate work it is necessary to 
determine these residuals and make 
correction for them, but in the average 
run of commercial testing it is probable 
that the accuracy of sampling has not 
kept pace with the accuracy of the 
purity determination even when these 
corrections are not applied. There is 
little justification for reporting steam 
purities of less than one half part per 
million, closer than the nearest tenth 
of a part. In most cases, the presence 
of insoluble carry-over equals if not 
exceeds the correction made for residual 
ammonia. 


SUMMARY 


_ Only acid and basic gases which com- 
bine chemically in solution to give 
ionized compounds affect conductivity 


pressure. 


measurements. An equilibrium exists 
between the amount of gas in combina- 
tion, the amount in simple solution, and 
the amount above the liquid as partial 
Elimination is based _pri- 
marily on reduction in partial pressure 
which destroys the equilibrium and 
favors reduction of the amount of gas 
in ionized form. The more soluble the 
gas is, the less the amount of partial 
pressure to work on and the more com- 
pletely must the partial pressure be 
eliminated to reduce the dissolved gas 
to negligible amounts. 

Methods of elimination may be ap- 
plied to continuous or batch samples. 
Such standard processes of elimination 
as boiling, distilling, evacuating, aerat- 
ing, and atomizing have been applied. 
A number of continuous degasifiers 
are available for commercial use. Dis- 
tillation methods on batch samples 
are used for laboratory control and for 
checking composite samples. 

It has been found easy to reduce CO, 
to negligible amounts but difficult to 
similarly reduce NH;. Although small 


residuals constitute a large error in the, 


conductivity of very pure steam samples, 
they may not constitute a serious error 
in commercial testing in which the 
methods of sampling are often question- 
able. 


Acknowledgment: 


In closing, I wish to express my ap- 
preciation for the cooperation of the 
several investigators listed herein, who 
kindly furnished me with diagrams and 
subject matter for this paper. 


dire 
we | 
the 


| 
to 4a 
out 
carl 
den 
the 
not 
if s¢ 
this 
que: 
redu 
do n 
puri 
1A 
Unive 


Mr. M. C. Scuwartz.'—I should like 
to ask whether one should be able to get 
out all the ammonia, or even all the 
carbon dioxide, from a sample of con- 
densed steam from a degasifier? 

From the theory involving the pH of 
the sample, it seems to me that it should 
not be possible. I should appreciate it 
if some of the authors of the papers in 
this symposium would answer this 
question. 

Mr. P. B. PLace.2—Probably the 
direct answer to this question is no, but if 
we rephrase the question to read “Can 
the ammonia and carbon dioxide be 
reduced in a degasifier to residuals that 


do not represent a serious error in steam 
purity determinations?”, then there 


1 Assistant Professor of Chemical Engineering, and 
Research Associate in Water Technology, Louisiana State 
University, Baton Rouge, La. 

Combustion Engineering Co., Inc., New York, N. Y. 


DISCUSSION 


might be two answers. The research | 
chemist may still say no but the practical 
test engineer could, I believe, say yes. 

Proper degasification will reduce the 
gases to a practically constant minimum 
and eliminate variations and fluctuations 
in conductivity that might be mis- 
interpreted. 

The operating man wants not only a 
low steam conductivity but a constant 
one and he will judge the purity by the 
rate at which his turbine blades foul. | 
The present degasifier is primarily de- 
signed as a piece of operating equipment | 
which, with further development, may 
approach but never reach the standard 
of a research apparatus. 

It is likely that the errors introduced 
by steam sampling and presence of 
insoluble and un-ionized carryover ex- 
ceed the errors due to small gas residuals. 
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A NEW TYPE OF CONDUCTIVITY APPARATUS FOR USE WITH BOILER 


WATERS AND STEAM SAMPLES 


By A. R. Mumrorp! 


SYNOPSIS 


A new type of conductivity apparatus for use with boiler waters or steam 


samples is described. 


Gas contamination is prevented in the case of steam 


samples by condensing in contact with the vapor phase and slight venting. 
Degasification of water samples is secured by flashing and venting the vapor 


phase. 
temperatures. 


The cell is designed for use at full steam pressure and saturation 
Measurement of conductivities at elevated temperatures as 


compared to “standard’’ temperatures reduced hydroxyl ion correction to a 


negligible amount. 


The apparatus is rugged, uses little cooling water, may be installed adjacent 
to the sampling point, makes possible simple recovery of the condensate, makes 
possible continuous reading without appreciable time lag, and is undamaged 


by failure of cooling water. 


‘The conductivity apparatus described 
in this paper was developed for the pur- 
pose of simplifying and improving the 
making of conductivity measurements as 
an aid to power plant operation. The 
apparatus, however, is such that it can 
be used as a research instrument, particu- 
larly at the higher temperatures and 
pressures. 

In Fig. 1 is shown one form of the 
apparatus used in the development to 
date; Fig. 2 is a photograph of the same 
apparatus. It may be considered as a 
condensing cylinder draining into a cell 
chamber. The sample inlet is at the 
left end of the condensing cylinder, the 
condensate drain at the bottom of the 
cell chamber, the vent at the upper right 
of the cell chamber, and a pressure gage 
connection at the top of the cell chamber. 
The condensing cylinder is jacketed for 


1 Senior Research Associate, Consolidated Edison Com- 
pany of New York, Inc., New York, N. Y. 


cooling purposes and partly filled with 
stainless steel balls. The vapor con- 
denses on the balls and the condensate 
drains to the bottom of the cylinder, 
washing any solids along with it. The 
uncondensed vapor fills the space above 
the draining condensate and above the 
electrode cup. The vent allows the non- 
condensible gases and a predetermined 
portion of the vapor to escape through 
capillary tubing to the atmosphere. 
The condensate drains through a spout 
into a standpipe and thence to the elec- 
trode cup from which it overflows 
through a weir. A small hole is provided 
at the bottom of the solution cup to per- 
mit draining of the cup for checking the 
open circuit resistance in place and to 
remove continuously any sludge that 
may settle from highly contaminated 
solutions. The rate of condensation is 
kept high enough to cause a change ol 
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Fic. 1.—High-Pressure Conductivity Apparatus for Vapors or Flashed Liquids. 


Fic. 2.—Photograph of Conductivity Apparatus for Vapors or Flashed Liquids. 
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condensate in the electrode cup several 
times a minute. 

The electrode and cup are supported 
from the cell chamber cover and may be 
removed as a unit. The electrode wires 
are brought out through special porce- 
lain spark plugs, which are made with 
the central wire of stainless steel. All 
material exposed to vapor or condensate 
is made of 18 per cent chromium, 8 per 
cent nickel steel with the exception of 
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Fic. 3.—New Arrangement of Conductivity 
Apparatus for Vapors or Liquids. 


the pyrex spacing plate and the lead 
wires. We expect to use stabilized 18-8 
steel in future models for use at high 
pressures and temperatures. 

In Fig. 3 is shown another form of the 
apparatus designed for use at 1600 psi. 
and capable of withstanding tempera- 
tures of 900 F. The apparatus consists 
of a tubular body open at the top and 
provided with three welded pipe connec- 
tions: an inlet at the left, a drain at the 
bottom, and a vent at the right. The 
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open end of the body is closed by the 
cell head, which is sealed against the 
body by a lock-head construction in 
which the bolts are under compression. ' 
All remaining equipment is fastened to 
the cell head and is removable with the 
head asa unit. A tube, partly open near 
the top and extending part way down 
the body, divides the space into an an- 
nular chamber and an inner core space. 
Within the annular chamber is placed the 
cooling coil on which the condensate 
forms and from which it drains into the 
electrode cup. Within the central core 


TABLE I.—-COMPARISON OF PLATINUM AND 
STAINLESS STEEL ELECTRODES IN MEASURE- 
—_— OF CONDUCTIVITY OF SOLUTIONS OF 


Measured Re- 


sistance, ohms | Ratio of 


Bridge Steel to 


Multi- 
plier 


Concentration 
Plati- 
num 


7.9 
0.1N 8.4 
0.01 N 34 

0.01 N 


0.001 N 260 
0.001 N 261 
0.001 NV 268 


0.0001 N 
0.0001 N 
0.0001 N 


1910 
1 876 
1 960 


Distilled water 
Distilled water 


24 000 
24.700 


is placed the electrodes, the spacers, and 
the support for both electrodes and cup. 

Figure 4 shows a form of the apparatus 
designed for use solely with hot conden- 
sates or boiler waters. The vapor type 
apparatus can, of course, be used for this 
service, but if a permanent installation 
for condensates only is desired, the con- 
struction can be lighter and the cooling 
jacket eliminated. There are two prin- 
cipal differences in the arrangement of 
the apparatus. The hot liquid enters 
the flash chamber through a perforated 
tube and the balls are replaced by 
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screens. Where the same apparatus 
may be called upon to function for both 
vapors and liquids, it is necessary to use 
the condensing type. A photograph of 
the disassembled apparatus is shown in 
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ford (24)? and the partial pressure of the 
gaseous contaminants may be kept low 
by adequate venting. In none of many 
chemical analyses does the author recol- 
lect finding either oxygen or carbon diox- 
ide in condensate formed from and in 
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Fic. 5.—Photograph of Disassembled Conductivity Apparatus for Flashed Liquids Only. 


Vapor entering the apparatus is cooled 
to its saturation point and part of it is 
condensed in contact with the vapor 
phase. Under such conditions the solu- 
bility of gaseous contaminants will be 
very low according to Hall and Mum- 


full contact with the contaminated vapor 
phase when not subcooled. In this man- 
ner, the solution of the contaminating 
gases is prevented. 


a The boldface numbers in parentheses refer to the re- 
ports and papers | the bibliography appended 
to this symposium, see p. 
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The solids carried with the vapor are 
washed down into the electrode cup by 
the draining condensate. 

According to T. J. Finnegan (private 
communication) stainless steel compares 
favorably with platinum as an electrode 
material at low concentrations of dis- 
solved material. The results of a test 
are given in Table I. 

The surface of the plate of the elec- 
trodes of each set was 6 sq. cm. The 
distance between the plates was 2.5 mm. 
in the case of the platinum electrodes and 
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Fic. 6.—Schematic Diagram of Installation on 
High-Pressure Steam Main. 


3 mm. in the case of the stainless steel 
electrodes. The measured cell constants 
were ().0345 for the platinum electrodes 
and 0.0340 for the stainless steel in 
0.0001 N KCI. The electrodes were all in 
the same solution at each strength. The 
nitrogen was bubbled through each solu- 
tion to keep it free of CO2. A 60-cycle 
a-c. bridge was used at 5 v. The com- 
parison was made at laboratory tem- 
perature of 25C. 

Stainless steel electrodes have been 
used in the studies to date. In addition 
to stage heater condensates, studies have 
been made on boiler waters with concen- 
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trations up to 300 or 400 ppm. without 
difficulty. 

Hot condensate or boiler water is re- 
duced in pressure before being allowed 
to enter the apparatus. The reduction 
in pressure is sufficiently great to provide 
flashing to remove, with the vapor, any 
small quantities of noncondensible gases 
that may have been dissolved because of 
high partial pressures at some point in 
the system. Cooling water is allowed to 
flow through the coil or jacket in quanti- 
ties sufficient to maintain the desired 
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Fic. 7.—Schematic Diagram of Installation on 
High-Pressure Blowdown Line. 


chamber pressure. 
plished as before. 
It is obvious that the condensate pass- 
ing through the cup will be more con- 
centrated than an unvented sample in 
proportion to the amount vented. The 
quantity can, however, be readily fixed 
by a capillary tube resistance and the 
total quantity of the sample can also be 
controlled. The correction therefore is 
arithmetical for all practical purposes. 
Should it be desired to know the spe- 
cific conductivity, it will be necessary to 
extend the work of Noyes (40) to boiler 
water salines at elevated temperatures 
and to relate the conductivity found 
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tions are seldom concerned with specific 
conductivity but are always concerned 
with that value of conductivity which 
may constitute an upper limit of solids 
content that will unduly interfere with — 
operation. 

Kraus (33) points out that at ele- 
vated temperatures the conductivity 
of H+ and OH- ions relative to acetate 
ion decreases rapidly. At 300C., the 
ratio is of the order of twice the conduc- 
tivity of acetate ion. The effect of tem- 
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Fic. 10.—Schematic Diagram of Installation on 
High-Pressure Feedwater Heater. 


perature on relative conductivity may be 
greater when the salt ions are those of 
boiler water, according to data now being 
collected. This suggests that the meas- 
urement of conductivity at elevated 
saturation temperatures may reduce the 
hydroxyl correction to a negligible value’ 
and thus eliminate a tedious step in such 
determinations. 
In Fig. 6 is shown, schematically, the 
Fic. Orifice Pressure manner in which one form of the appa- 
te ratus was installed for study of its opera- 
at saturation temperature to that at tion on high-pressure steam. The cell 
“standard” or laboratory temperature. shown is the single cylinder type detailed 
However, operators of generating sta- in Fig. 3 and differs from the original cell 
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in that the cooling water connections 
must be broken before the head assembly 
can be removed. The pressure regu- 
lator on the cooling water is necessary 
when the cold-water pressure is variable. 
The throttling valve on the vent repre- 


sents a fixed resistance. If the pressure 
at the source of sampling varies in a sub- 
stantial manner, it is advisable to arrange 
to operate the apparatus at a constant 
pressure just below the minimum source 
pressure by using a pressure-reducing 
system. The seal dimensions on the 
condensate discharge are designed to 
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provide a sufficient water leg to offset the 
slight pressure drop through the appa- 
ratus and thus permit the return of the 
condensate to the superheated steam 


line when the line pressure does not vary 


substantially. The seal is so valved 


iler Wa 


a Study 


that the condensate may be discharged 
to waste. 

In Fig. 7 is shown a schematic installa- 
tion on a drum sampling or boiler blow- 
down line from a 1400-psi. boiler. In 
this case a fixed resistance is installed to 
drop the pressure to a point slightly 
above that desired in the cell. The final 
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control of the pressure in the cell is ob- 
tained through the use of a pressure- 
regulating valve in the cooling water 
line, set to maintain the desired pressure 


in the cell chamber. In our studies to 
date this pressure has been maintained 
at 2 or 3-psi. gage. 
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apparatus as installed on a high-pressure 
heater for study. 

Figure 11 shows the apparatus as in- 
stalled to study its performance on a 
boiler-water sampling line from the drum 
of a 1400-psi. boiler. Just behind the 
condensing, or in this use cooling, cyl- 


In Fig. 8 is shown the multiple orifice 
assembly used for the major pressure re- 
duction. Experience to date indicates 

ed that with the present size and number of 
orifices, cleaning is advisable at about 


la- three-week intervals in continuous 
service. 

In Figure 9 shows the disassembled mul- 
to tiple orifice pressure reducer used in the 
tly studies to date. 

nal Figure 10 shows schematically the 


.—Recorder Showing Type of Record Produced. 


inder can be seen the top of the cooling 
water regulating valve, the diaphragm 
of which is connected to the gage line on 
the cell chamber. The lead wires to the 
recorder can be seen at the left. 

Figure 12 shows the recorder and its 
record as operating when attached to the 
apparatus of Fig. 11. 

In each of the foregoing cases in which 
boiler waters or condensates were stud- 
ied, the seal on the cell-chamber dis- 
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charge was designed in accordance with 
the desired cell-chamber pressure. 

As indicated in this description of a 
new type of conductivity apparatus, data 
have been collected over a period of 
about 2 yr. However, when the studies 
started, it was planned to investigate 
thoroughly the performance on steams 
made from waters that were 90 per cent 
raw and only 10 per cent condensate. 


TABLE II.—COMPARISON OF BOILER WATER 
ANALYSIS, TOTAL DISSOLVED SOLID CONCEN- 
TRATION AND CONDUCTIVITY RECORDER 
READINGS. 


Dis- 
Boiler Water solved (3 
Analysis, ppm. | Solids, ~ 
ppm. 
Date | Time |Sample 6 (> 
= 
25 | 25 | 72 | 215! 337 


3-27-41 | 9:32 | No. 
1 J 


3-28-41 | 9:37 | No. 15 | 22 | 10 | 78 | 235} ; 


419 


| 


| 
| 


These waters had no external treatment 
other than initial pH control and deaera- 
tion. The urgency of other questions 
indicated the advisability of transferring 
the equipment to condensates and boiler 
waters, and it is only recently that one 
of the cells has been reinstalled for stud- 
ies of steam. Another cell is in use in 
connection with a study of silica control. 
In view of the fact that only an incom- 
plete report of performance could be 
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offered at this time, it has been decided 
to postpone a complete report on per- 
formance to a future meeting. How- 
ever, some data are presented in the 
following paragraphs to indicate the 
trends. 

In Table II is shown a comparison of 
the total dissolved solid concentration as 
determined by analysis of samples taken 
at the time the scale reading of the con- 
ductivity recorder was noted. The an- 
alysis is expressed as the sodium salts 
and added to obtain the total concen- 


TABLE III.—-DATA OF TABLE II ARRANGED IN 
ASCENDING ORDER OF TOTAL DISSOLVED 
SOLIDS CONTENT. 


Total Dissolved | 

Conductivit 

Solids in Boiler y 

Sample Water by Addi- —— Scale 

tion, ppm. 

No. 13 191 305 
No. 11 192 300 
No. 10 196 310 
No. 12 197 305 
No. 14 207 305 
No. 9 215 330 
No. 8 249 357 
No. 7 280 385 
No. 6 304 400 
No. 5 324 420 
No. 4 330 430 
No. 1 337 435 
No. 3 342 438 
No. 15 345 440 
No. 2 364 440 
No. 23 364 450 
No. 16 392 470 
No. 22 394 458 
No. 21 425 488 
No. 17 428 485 
No. 20 445 500 
No. 19 468 510 


tration. It can be seen that, although 
there is general agreement between the 
proportions of the several components 
and the total, there are minor variations 
in composition. The amount deter- 
mined by evaporation is consistently 
higher than that determined by addition 
of the components. The agreement of 
the total with the scale reading of the 
recorder is evident in spite of the chrono- 
logical arrangement of the table. 

In Table III is shown the data of 
Table II rearranged in ascending order 
of the total dissolved solids. In this 
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Current, milliamperes 
Ww 
ro) 


20 


In 


plotte 
We 


2 | 29 | 25 | 90 | 220 
10:34 | No. 3| 28 | 25 | 94 | 195) 
11:02 | No. 4| 23 | 25 | 97 | 185) 
11:28 | No. 5| 21 | 25 | 98 | 180) 
11:59 | No. 6] 19 | 20 |100 | 165) 
12:33 | No. 7| 19 | 20 | 96 | 145| 
12:52 | No. 8] 16 | 10 | 93 | 130 
1:34 | No. 9| 14 | 10 | 86 | 105 
7 2:08 | No. 10} 12 | 10 | 79 95 
2:31 | No. 11] 11 | 10 | 95 
3:03 | No. 12 | 10 | 10 | 72 | 105 
3:30 | No. 13 | 10 | 10 | 61 | 110 
11:44 | No. 19 | 28 | 25 |120 | 295 
12:10 | No. 20 | 26 | 25 \109 | 285 
12:33 | No. 21 | 25 | 20 |105 | 275 
1:34 | No. 22 | 21 | 20 | 88 | 265 
:10 | No. 23 | 19 | 20 | 85 | 240 

| 

‘ 


table the agreement of the recorder read- 
ing is more strikingly shown. 
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first, that the apparatus will produce a 
reading on boiler waters that can be 
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In Fig. 13 the data of Table II are 
plotted. 


We can conclude from these data: 


500 600 


Conductivity, micromhos per cm=—corrected to 30 ppm. OH 


Fic. 14.—Current Through Cell versus Conductivity Corrected to 30 ppm. of OH. 7 _ 


plotted as a smooth curve against the 
concentration as determined chemically — 
within the range shown; and second, 
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that because no correction was made for electrode cup and almost 1 ft. per sec. 


hydroxyl ion, the correction for this fac- 
tor becomes negligible even at 220F. 
with the hydroxy] shown. 

For those who might be interested in 
substituting a current measurement for 


TABLE IV.—-FLOW OF COOLING WATER AND 
CONDENSATE. 


Cooling water: 


17.5 lb. per min. 
Temperature in........ 78 F. 
Temperature out ...... 184 F. 
Heat absorbed.......... 111,300 Btu. per hr. 
Condensate: 
Steam condensed ...... 137 lb. per hr. 
Velocity through elec- 
ee 0.45 in. per sec. 
Velocity through stand- 


TABLE V.—LOG OF RESISTANCE AND 
CALORIMETER TEMPERATURE 
DURING PRIMING. 


Resistance, ohms 


| Calorim- 
oe eter 

Wa Before After ture, 

Cell High- High- |deg. Fahr. 

Pressure | Pressure 
Cell Cell 

10:30 a.m. 4700 | 15000 | 41 300 315 
11:00 a.m. 3620 14 700 40 300 315 
11:40 a.m. 3650 14 700 41 800 315 
1:42 p.m. 4170 16 400 50 000 315 
2:40 p.m. 4090 16 400 46 000 315 
3:02 p.m. 2900 16 600 43 500 260 
3:15 p.m? 2700 13500 | 22600 252 
4:00 p.m. 1600 14 500 20 800 323 
4:30 p.m. 2300 15 300 26 300 322 


* There is some question as to the setting of the chart 
on the calorimeter temperature recorder with respect to 
time. 

» It was noted at 3: 15 p.m. that the cell resistance was 
falling too fast for readings to be taken. 


the more expensive resistance measuring 
device, we have included Fig. 14. This 
figure shows the linear character of the 
relation between the current flowing and 
the conductivity corrected for OH ion. 
In Table IV are shown the conditions 
of operation of the cell during one test. 
With 17.5 lb. per min. flow of cooling 
water, condensate was formed at the rate 
of 137 lb. per hr., or sufficient to produce 
a velocity of about 3 in. per sec. in the 


in the standpipe. 

In Table V is shown, as a matter of 
interest, a portion of the log of one test 
during which the boiler producing the 
steam primed heavily. 

A glass cell, with its own condenser, 
was installed before the high-pressure 
cell, and another glass cell was installed 
after the high-pressure cell. Readings 
of each of the three cells were taken at 
intervals. The calorimeter temperature 
recorder chart was later examined, and 
the corresponding temperatures were 
noted. The rapid fall of all three re- 


TABLE VI.—DATA FROM PRELIMINARY TEST. 


CONDITION OF STEAM 


11:00 a.m. CO2 


undetermined 
NHs 0.10 ppm. 
2:45 p.m. CO2 24 ppm. 
NHs 0.10 ppm. 


CONDITION OF CONDENSATE DISCHARGE 


11:40 a.m. CO2 less than 1 ppm. 
NH3 
vent valve one-eighth turn open 


less than 1 ppm. 


1:45 p.m. 
0.0 ppm. 
pH 


vent valve one-eighth turn open 


sistances at the initiation of the priming 
period kept step with the calorimeter. 
Recovery was not complete at the end 
of the test period in any of the cells. 

In Table VI are shown some data on 
the effect of the apparatus on gaseous 
contaminants. Apparently the steam 
contained about 24 ppm. of carbon diox- 
ide and 0.10 ppm. of ammonia. The 
condensate contained less than 1 ppm. 
of carbon dioxide and 0.0 ppm. of am- 
monia. The analysis for CO, was made 
by the method developed for the Na- 
tional District Heating Association and 
now is being considered for adoption by 
this Society. The significance of the 
phrase “less than 1 ppm.” would nor- 
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mally be considered 0.0, except for the 
development status of the analytical 
equipment. 

The artificial contamination of the 
steam supply is being considered to 
determine the influence of the amount of 


contaminants on the required venting. 
It will be noted that the needle valve 
controlling the venting during these ob- 
servations was opened only one-eighth 
of a turn. 


Joint Discussion, 1337.—ED.] 
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CONDUCTIVITY CELLS AND ELECTRICAL MEASURING © 
INSTRUMENTS 


C. E. Kaurman! 


The science of conductivity measure- 
ment, solidly founded on the researches 
of Kohlrausch (32)?, and extended by the 
work of numerous subsequent investi- 
gators, has for years interested those 
concerned with the quantity of electro- 
lytes dissolved in industrial waters. The 
chief advantages of this method of analy- 
sis are the rapidity and comparative 
accuracy with which measurements can 
be made and the opportunity for easily 
following and automatically recording 
water conditions continuously over con- 
siderable intervals of time. 

Though the measurement of conduc- 
tivity is a science, application of the 
method to particular problems in in- 
dustrial water treatment is still some- 
what of an art, requiring selection of 
suitable instruments and methods and 
the proper interpretation of results (18, 
20, 21, 27, 30, 44, 45, 55, 70). It is the 
purpose of this paper to point out the 
character of some of the cells and instru- 
ments commercially available for elec- 
trical conductivity measurements, their 
limitations, and some of their uses. 
First, however, the question of precision 
will be briefly considered. 


RELATING MEASUREMENT TO OPERATING 
PROBLEMS 


What does the engineer desire from a 
measurement of electrical conductivity 
on a particular sample of water? Rarely 


1 Research Engineer, Hall Laboratories, Inc., Pitts- 
burgh, Pa. 

2 The boldface numbers in parentheses refer to the re 
ports and papers appearing in the bibliography appended 
to this symposium, see p. 13. 


will he be concerned with the con- 
ductivity per se; usually he will be 
seeking an answer to a specific question: 
When must a condenser be taken off the 
line to repair leaks? Can blowdown 
from a boiler be decreased or must it be 
increased? Are deposits going to ac- 
cumulate in superheater tubes or on 
turbine blades? 

The answer to any such question can 
scarcely be supplied merely by meas- 
uring the resistance between two elec- 
trodes immersed in a sample of the water 
in question. Beyond the factor of 
measurement lies the factor of judgment 
based upon experience. For example, 
little correlation has yet been found 
between the conductivity of condensed 
steam and the rate of accumulation of 
turbine deposits. Much attention has 
been paid to the correction for, or elimi- 
nation of, dissolved gases which con- 
tribute to the conductivity of steam 
condensate, as discussed in companion 
papers in the present symposium* * * ° 
and also in the literature (29, 46, 
47, 57, 59, 74). Greatest emphasis 
at the present time is being given to 
the problem of eliminating automatically 
from the sample all gaseous impurities, 
whose conducting effect often outweighs 
that of the dissolved solids. Powell 


3$. F. Whirl and W. A. Lower, “Experimental Methods 
of Determining Conductivity Corrections for Dissolved 
Gases in Steam Condensate,” see p. 1277. 

+ D. S. McKinney, “Calculation of Corrections to Con 
ductivity Measurements for Dissolved Gases,’’ see p. 1285 

5P B. Place. “The Degasification of Steam Samples for 
Conductivity Tests,’”’ see p. 1302. 

6A. R. Mumford, “A New Type of Conductivity Ap 
paratus for Use with Boiler Waters and Steam Samples, 
see p. 1314. 
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(47), Gurney (20), Straub (63), Mumford,® 
and co-workers have attacked this prob- 
lem from various angles of approach. 
Even though the contribution of dis- 
solved gases to the conductivity may be 
eliminated, it would be a rash chemist 
or engineer who, looking at a measure- 
ment made in a plant the history of 
which he did not know, would dare to 
guess what degree of trouble had been 
encountered from carry-over of dis- 
solved solids. 

If judgment based upon experience 
is an essential factor in the interpretation 
of a measurement of conductivity, the 
question at once arises: How precise 
need the measurement be in any par- 
ticular case to supply a sound basis for 
the exercise of this judgment? In so far 
as research is concerned, precision may 
lead to new information of great value; 
but, just as pipe can be fitted quite ade- 
quately without using Johansson gages, 
a Jones bridge and a cell thermostatically 
regulated to plus or minus 0.001 C. are 
scarcely necessary to control blowdown 
from a boiler. 

It is perhaps heresy to argue that too 
great precision in measurement may be 
an actual handicap; and yet, in practical 
control, unimportant minor variations 
observed with equipment of high sensi- 
tivity may occasion long arguments and 
investigations which represent a real 
waste of technical effort. In applying 
the conductivity method, it may there- 
fore be well to select equipment with an 
eye to the job to be done and to restrain 
the natural impulse toward progressive 
refinement of every measurement; the 
latter may lead to worship of precision 
for its own sake rather than to emphasis 
upon the meaning behind the meas- 
urement. 

Since every measurement of electrical 
conductivity is fundamentally a meas- 
urement of resistance, it may be useful to 

consider separately the cell that provides 
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the resistance and the instrument that | 


measures it. 


THE CONDUCTIVITY CELL a 


In theory, the conductivity cell is a 
mechanical device for isolating a column — 
of the solution whose resistance is to be 
measured, so that the cross-sectional 
area and length of this column shall be 
constant and there shall be no contact 
resistance at the electrodes. In practice, 
the conductivity cell is simply a con- 
taining vessel in which two electrodes 
are fixed. The actual cell is related to 
the theoretical cell by calibration with 
solutions whose conductivities are al- 
ready known with precision (28), yielding 
the cell constant by which all resistances 
measured in the cell must be divided to 
obtain values for resistivity.’ 

For results of the highest precision, 
it is probably advisable to calibrate the 
cell with a KCl solution whose con- 
ductivity is near that of the unknown 
solutions to be measured. It may also 
be of advantage to calibrate at or near 
the temperature at which measurements 
are to be taken, since expansion or con- 
traction of the electrodes and cell body 
may affect results. In the event that an 
accurately calibrated cell is available, 
other cells can of course be standardized 
against it. 

If the resistance of the unknown solu- 
tion is to be measured properly, there 


7 Some confusion may be avoided if it is remembered 
that the actual measurement is resistance in ohms, that by 
the use of the cell constant this is converted into resistivity 
in ohm square centimeter per centimeter, and that the 
reciprocal of the resistivity is the conductivity, the units 
for which are centimeter per ohm square centimeter, or 
mho centimeter per square centimeter. Since the use of 
the mho unit usually leads to the expression of results in 
awkwardly small numbers, the term micromho, 1 X 10-6 
mho, is frequently oe oe Reporting of results in 
terms of conductivity is to be preferred to their expression 
in resistivity units, primarily ease conductivity values 
increase directly with dissolved solids content whereas the 
corresponding values of resistivity vary inversely with the 
content of dissolved material. 

It might be pointed out that ‘“‘conductivity” and 
“specific conductance”’ are synonymous, but that the for- 
mer term is preferred; also,a mho or a micromho is a unit 
of conductance rather than of conductivity, the latter 
being expressed in terms of mho centimeter per square 
centimeter, which reduces to mho per centimeter. 
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must be no additional resistance of a 
“loose contact” between the solution 
and electrodes caused by deposits of 
grease, dirt, or scale screening the metal 
surface, or by polarization with a gas 
film resulting from the passage of electric 
current through the solution. On the 
other hand, the resistance must not be 
decreased by the introduction into the 
solution of ions derived from sampling 
connections, the atmosphere, or from the 
materials of the cell itself, or by elec- 
trical] leakage between the electrodes or 
leads. Finally, it is necessary to re- 
member that the resistance of the solu- 
tion changes with temperature, and 
hence that no conductivity value has a 
precise significance unless the tempera- 
ture of the solution is known. 

The following factors may be con- 
sidered as establishing the design of a 
conductivity cell or electrode system: 

1. Shape of cell and size and spacing 

of electrodes. 

2. Material of construction of elec- 

trodes. 

3. Material of 

cell body. 

4. Accessories. 


construction — of 


Shape of Cell and Size and Spacing of 
Electrodes: 


The building of conductivity cells 
has offered a fertile field for ingenious 
designers, and their resultant products 
sometimes bear only a slight family re- 
semblance to one another. For in- 
dustrial purposes, conventional labora- 
tory and research cells are ill-suited be- 
cause of fragility. More generally useful 
are dip cells, ordinarily comprising a 
protective sheath surrounding the two 
electrodes. Such cells can easily be 
adapted to continuous flow devices by 
enclosing in a chamber such as that in 
Fig. 1. For. permanent industrial loca- 
tions and continuous service, cell as- 
semblies are available for inserting in 
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Since electrodes 


pipe lines or tanks. 
should be periodically cleaned and re- 
calibrated, some designs provide for re- 
moval of the electrodes proper without 
disturbance to continued operation in 
the line or tank in which electrolytic 
strength is being measured. 

In all cells, the size, shape, and spacing 
of the electrode elements proper and the 
shape of the containing body or vessel 
determine the cell constant. In general, 
with solutions containing an appreciable 


OUTLET, q 
\ 


ih RUBBER 
INLET 


STOPPER 
Fic. 1.—Simple Flow Cell. 


* Pyrex or other sparingly soluble glass preferred. 


DIP CELL 


amount of electrolytes, electrodes can 
be relatively small and far apart, while 
with solutions of low concentratior 
larger and closer-set electrodes can be 
used. Some cells have been designed 
with a_ variable distance between 
electrodes. 

While cells ordinarily operate at fairly 
low temperatures, modified designs have 
been proposed for use at the elevated 
temperatures and pressures prevailing 
in boilers.® * 


8 Henry C. Parker, U. S. Patent 1,898,209 (1933). 
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A most important point in the design 
of flow cells is to make the electrode 
chamber small in order to avoid lags in 
reading and the “leveling” effect of a 
large reservoir of water, which may be 
made up of portions of ‘widely different 
conductivity. 


Material of Construction of Electrodes: 


The ideal material for electrodes to 
be used in conductivity measurements 
would have the following properties: 

1. Good conductance of electricity. 

2. Resistance to corrosion by the 
medium being measured. (Such 
corrosion might alter the cell con- 
stant as well as add conducting 
material to the solution.) 

3. Resistance to erosion (same reasons 
as for corrosion resistance). 

4. Sufficient strength so that the shape 
of, and spacing between, elec- 
trodes cannot inadvertently be 
altered. 

5. A surface structure that tends to 
eliminate polarization error and 
does not promote adsorption. 

The materials most commonly used 
for electrodes are platinized platinum, 
smooth platinum, gold, stainless steel, 
and monel metal. For general use under 
a variety of conditions, platinized plati- 
num is probably of greatest value be- 
cause it minimizes polarization error. 
Smooth platinum, gold, stainless steel, 
and monel metal have been employed, 
particularly where the conductivity is 
very low, as in condensed steam or con- 
densate, since the polarization error 
usually decreases with decreasing meas- 
ured conductivity; even in solutions of 
higher concentration results of adequate 
accuracy can be obtained in many cases. 
It is possible that many other metals or 
alloys can be used, especially in process 
work where special problems of corrosion 

confront the electrode user. 
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Material of Construction of Cell Body: _ 


While supporting the _ electrodes 
rigidly, suitably insulating them from 
each other, and in some cases providing 
protection, the cell body must meet the 
same requirements of strength and re- 
sistance to corrosion and erosion as the 
electrodes themselves. Different kinds 
of glass, plastics, hard rubber, and metals 
have been used in constructing bodies 
and casings. The electrodes may, for 
example, be mounted in glass or bakelite 
with a stainless steel or nickel protecting 
sheath. Cells constructed from hard 
rubber or plastic material have been 
described by Walker (73) and Collins (7). 

In all cases, the body should be so 
constructed that the electrode surfaces 
can be easily inspected and cleaned. 

For many practical purposes, an ap- 
paratus no more elaborate than a pair of 
stainless steel or monel metal rods in a 
holder of rubber or plastic will prove 
useful. Ulmer (71) has described one 
simple arrangement of this type. 

In investigating the utility of plastic 
cell bodies, attention should be devoted 
to their resistance to hot solutions and 
to the possibility of adsorption of acids, 
alkalies, or other materials which might 
affect subsequent readings. 


Accessories: 


Although a thermometer mounted in- 
tegrally with the cell or nearby is con- 
venient when a temperature correction 
is necessary, most industrial cells do not 
have attached thermometers. Figure 1 
illustrates how a thermometer can easily 
be mounted in a chamber flow cell. 

Lead wires should be well insulated, 
preferably rubber-covered, and should 
present no opening at the point of attach- 
ment to the cell body where moisture or 
other substance could penetrate ; and sub- 
sequently cause shorting. 
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TEMPERATURE AND 


CELL COMPENSATOR 
SLIDEWIRE 
CURRENT 
(1) SUPPLY 
GALVANOMETER 
CONDUCTIVITY 
Fic. 2.—Wheatstone Bridge Circuit. 


Tue MEASURING INSTRUMENT 

To measure the resistance between the 
electrodes in the cell, current must flow 
through the system. Since direct cur- 
rent would unavoidably tend to polarize 
the electrodes, alternating current is em- 
ployed at frequencies ranging from 1000 
cycles for research investigations down to 
60 cycles for most industrial work, and 
in some cases 25 cycles where this is the 
only available supply. 

Of the two principal classes of measur- 
ing devices, the Wheatstone bridge and 
the deflection meter, the former is in- 
herently more accurate, and precise 
measurements can be made with the 
passage of much smaller currents through 
the test solution. The latter, by virtue 
of its off-balance reading, is limited in 
accuracy by meter design and voltage 


CURRENT 
SUPPLY | 


CONDUCTIVITY 
CELL 


Fic. 3.—Essentials of an Indicating Deflection 
Meter. 


fluctuations. A simple Wheatstone 
bridge circuit is illustrated in Fig. 2 and 
a deflection hookup in Fig. 3. Wheat- 
stone bridges measure the actual total 
resistance of the cell; deflection instru- 
ments read the current passing through 
the cell. The resistance calculated from 
the voltage and current is not necessarily 
the resistance of the cell but may include 
other circuit resistances. The following 
list classifies the general kinds of con- 
cially available® or easily constructed: 
A. Wheatstone bridges (balance in- 
1. Manually adjusted. 
2. Recording. 
B. Current meters (deflection instru- 
ments): 
voltmeters and ammeters. 
2. Recording. 
C. Glow lamp arrangements. 
-Wheatstone Bridges: 


ductivity measuring equipment commer- 
struments): 
3. Controlling or warning. 
1. Indicating types utilizing 
3. Controlling or warning. 
The reference instrument for conduc- 


tivity and resistivity measurements is the 


9 The reader is referred to the current literature of in- 
strument and cell manufacturers, among whom are the 
following: Allis-Chalmers Manufacturing Co., Dearborn 
Chemical Co., Esterline-Angus Co., Inc., Industrial 
Instruments, Inc., Leeds & Northrup Co., National 


Aluminate Corp. 
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Wheatstone bridge, a fundamental cir- 
cuit for determining unknown resist- 
ances. In the best research instru- 
ments, resistances are finely calibrated 
and the imposed alternating current is of 
high frequency (of the order of 1000 
cycles per second) in order to cut down 
polarization error. In at least one in- 
dustrial bridge, a vacuum tube oscillator 
has been adopted for use in supplying 
1000 cycle measuring current from a 60 
or 25-cycle-source. When vacuum tube 
amplification is used in special equip- 
ment, extensive shielding has been 
recommended to reduce capacitance 
errors; but this procedure does not ap- 
pear to be necessary in less exacting 
industrial measurements. In research 
bridges grounding may also be resorted 
to for minimizing capacitance effects. 
In many industrial bridges insulating 
transformers are provided to avoid the 
necessity of insulating the test solution 
from ground when the power line is 
grounded. With all refinements of de- 
sign, the Wheatstone bridge is more 
complex and undoubtedly more expen- 
sive than is necessary for ordinary test- 
ing. For industrial purposes there is 
available a considerable range of less 
precise but adequate equipment. 
Relatively inexpensive units, manu- 
ally operated, are available for specific 
uses such as testing distilled water and 
condensate, determining dissolved solids 
in more concentrated solutions, and 
checking concentrations of the active 
substance in process waters. Certain of 
these instruments have been built with 
cathode-ray tubes as the null-point indi- 
cator instead of the more usual galvanom- 
eter. Since such apparatus embodies 
a bridge circuit, usually operated on low 
voltage from a transformer, voltage 
fluctuations are of little importance. 
Temperature variation of the electro- 
lyte to be measured is of considerable 
importance, due to the fact that con- 
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ductivity increases by about 2 per cent 
for a rise in temperature of 1 C. over the 
limited temperature range in which most 
measurements are made. A number of 
industrial Wheatstone bridges are pro-- — 
vided with temperature compensators 
which cover ranges ordinarily encoun- _ 
tered. The general principle on which 
bridge compensators operate can be seen 
from Fig. 2. For example, if the solu- 
tion in the cell is at a temperature higher 
than the standard value of 25 C. (77 F.), 
the conductance of the arm in which the 
cell is located will be increased (the 
resistance decreased). ‘The compensator 
is turned till it is equivalent to the meas- 
ured temperature of the electrolyte. 
This serves to decrease the resistance of 
the arm in which the compensator is lo- 
cated so that the ratio of the resistances 
at the temperature of measurement is 
approximately the same as the ratio at 
the standard temperature. This type of 
compensation, while independent of the ~ 
concentration of electrolyte in the solu-— 
tion to be measured, involves the 
assumption, probably justifiable for or- _ 
dinary plant work, that all electrolytes 
have identical temperature coefficients. 
A good bridge compensator will also be 
so designed that correction is made on _ 
the basis of the actual average change of 
resistance with temperature rather than — 
by a simpler but erroneous linear 
function. 

Bridges often are equipped with cell 
compensators which permit direct read-— 
ing of the instrument when the electrode — 
systems employed vary in cell constant. 
over a limited range. Another type of 
manually operated compensator, de- 
signed to correct for changes of dissolved — 
CO, content in condensate, is mentioned — 
by Hecht and McKinney (27). Com- 
pensation for other dissolved gases or for 
combinations of gases could be devised. 

Instruments can be obtained cali- — 
brated in terms of parts per million or 
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grains per gallon dissolved solids (some- 
times expressed as concentration of a 
particular electrolyte), conductivity, re- 
sistivity, measured resistance, or with 
double-reading scales showing both con- 
ductivity and resistivity. In general, 
where an all-purpose instrument is de- 
sired which puts no preconceived in- 
terpretation on the results, readings 
should be in terms of conductivity, re- 
sistivity, or measured resistance rather 
than in a specialized unit such as parts 
per million of NaCl, which involves the 
use of an arbitrary conversion factor. 

Portability is often a factor in the se- 
lection of a general utility instrument. 
“quipment is sometimes manufactured 
with integral carrying case, while special 
cases may be provided for other ap- 
paratus. 

For one portable conductivity bridge 
now on the market, an accuracy of ad- 
justment for the conductivity scale of 
0.3 per cent of its range is claimed. 
The accuracy of adjustment of the cell 
constant compensator is estimated to be 
about 2 per cent for the value of about 
0.1, the constant of the cell ordinarily 
employed, while the temperature com- 
pensator is accurate to 1 C., correspond- 
ing to about 2 per cent. The over-all 
conductivity range is from 0.012 to 
(0.0000001 mho square centimeter per 
centimeter (resistivity from about 80 to 
10,000,000 ohm square centimeter per 
centimeter). Such an instrument is 
considered adequate for the most im- 
portant and exacting carry-over deter- 
minations. 


Recording Instruments of the Bridge Type: 


Where a continuous and permanent 
record of concentration of process water, 
purity of condensed steam, or conditions 
in some other industrial water is desired, 
the Wheatstone bridge circuit can be 
adapted for recording of conductivity, 
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resistivity, resistance, or some function 
thereof. In such installations  syn- 
chronous motors are usually employed 
to turn recording charts. Balance of 
the bridge is ordinarily maintained by 
means of an automatically functioning 
circuit actuated by deflection of the 
bridge galvanometer. Temperature cor- 
rection on present models is ordinarily 
manual, which may be a drawback when 
conditions cannot be readily controlled. 
However, Powell and co-workers (47) 
have described a two-point recording 
conductivity bridge which is automati- 
cally compensated for temperature by 
means of resistance thermometers in- 
stalled in the cells. The thermometers 
are connected to temperature recorders 
which actuate correcting slidewires in 
the conductivity bridge circuit. 

Where recording instruments are re- 
quired to show the ratio between the 
actual strength of a solution and the de- 
sired concentration, two cell assemblies 
are used. A reference cell contains solu- 
tion at standard concentration, while 
the other electrodes are placed in contact 
with the solution being measured. This 
arrangement provides the best tempera- 
ture compensation when properly ap- 
plied and also reduces polarization errors. 

Multipoint recorders are an_ espe- 
cially interesting development, since 
their employment enables an operator 
to follow conditions simultaneously 
throughout a system. Recorders can 
be important aids in routine control and 
are of the greatest advantage in making 
surveys of operating conditions. How- 
ever, due to their cost, such instruments 
are not yet commonly in use. 


Controlling Instruments of the Bridge 

Type: 

Recording Wheatstone bridge installa- 
tions can be further adapted to control 
the addition of treatment materials of 
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to actuate warning signals when con- 
centrations of measured solutions vary 
from a predetermined level. Where 
automatic or semi-automatic control of 
processes is desirable, such instruments 
should find wide application. Manu- 
ally adjusted bridges have also been 
adapted to operate warning lights (72). 


Current Meters: 


The simplest means of finding the ap- 
proximate conductance or resistance of 

: a solution involves nothing more than 
measuring the current when an open cir- 
cuit with a source of imposed voltage is 


closed by inserting two electrodes into 
; a solution to be measured. Intrinsically 
; such a system, illustrated in Fig. 3, may 
1 not be as accurate as a bridge circuit, but 


its low cost, simplicity, and adaptability 
- make its use attractive where feasible. 


e Temperature compensation within the 
- instrument is more involved than in a 
S Wheatstone bridge circuit, since the cor- 


- rection depends not only on the tempera- 


e ture but also on the concentration. 
t Temperature correction, of course, can 
Is be made by multiplying the measured 
A- reading by a suitable factor, related to 
- the temperature of the sample. 

s. Since the simplest deflection instru- 
e- ments are based on a series circuit, fluc- 
ce tuations in the imposed voltage may 
or seriously influence the results. There- 
ly fore, it is advisable to select an instru- 
- ment which has some means of adjusting 
: or compensating for voltage changes. 
me Suitable variable resistances or constant- 
ts voltage supply transformers can be 


utilized for this service. Deflection in- 
struments can be calibrated in any 
dge desired fashion: conductivity, resistivity, 
resistance, current, or parts per million or 


lla- grains per gallon of a particular constitu- 
rol ent, although fundamentally one of the 
or first four is preferable. 


| 
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Recording Instruments of the Deflection _ 

Type: 

Recording ammeters (69) and ohm- | 7 
meters have been adapted for obtaining 
continuous resistance readings of electro- 
lytes varying in strength from condensed — 
steam to boiler water, although cells are 
commonly changed for extreme ranges — 
of concentration. In certain electro- 
dynamometer circuits, it is claimed that 
line voltage fluctuations are not impor- 
tant since the design is in a sense a 
“bridge” system. The accuracy of in- 
struments of this type is reported to be of © 
the order of 1 per cent of the full scale 
deflection. Spring clocks syn- 
chronous motors are commonly used 
to drive the recording chart. 

Although not now believed to be on 
the market, another type of arrangement 


which might be set up involves the use 


of an indicating galvanometer to show 
current or voltage change in conjunction — 
with a sensitive photoelectric recorder 
which has already been developed. In 
such asystem, deflection of the galvanom- 
eter mirror sends light through an op- 
tical system to phototubes which actuate | 
an electron-tube circuit, which in turn 
controls the recorder. 

A possible means by which fairly con- 
tinuous readings could be recorded when 
only an indicating deflection instrument 
is available involves the use of a suitably 
controlled camera mechanism to photo- 
graph the position of the pointer on the 
scale at regular intervals. 


Controlling or Warning Instruments of the 
Deflection Type: 


In addition to indicating changes of 
conductivity or related properties, in- 
struments have been devised which will 
also operate controls and make warning © 
signals. For example, it is possible with — 
indicators of this type to open valves, - 
ring bells, or flash lights. In the future, 
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there will be, no doubt, a considerable 
increase in this type of installation. 


Glow Lamp Arrangements: 


It is possible to put a lamp or lamps in 
series with two electrodes and a source 
of current in order to obtain a rough 
measure of the conductivity of an 
electrolyte. The electrodes can be so 
arranged, for example, that a dim glow 
in a lamp indicates the building up of a 
known concentration. In constructing 
a homemade device of this type, care 
should be exercised in order to avoid 
dangerous shocks or the possibility of 


electrolysis. A similar type of instru- 
IDENTICAL 


INCANDESCENT LAMPS 


APPROX. 


Fic. 4.—Voltage Divider. 


ment for blowdown control in locomo- 
tives employs two sets of electrodes, one 
shorter than the other, mounted at the 
top of the boiler above the normal water 
level. When foaming or priming starts, 
the liquid thrown up first closes the cir- 
cuit of the electrodes extending farthest 
down, causing a light to glow and a blow- 
down valve to open. When liquid. is 
thrown even higher, another warning 
light goes on. 


Special A pparatus: 


Occasionally, in field tests, only 220-v. 
service is available, while measuring in- 
struments are designed for use at 110 v. 
In such a case, the simple divider shown 
in Fig. 4 can be used to supply approxi- 
mately the desired potential, = 
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Where only direct current is available, 
it is possible to produce the requisite 


alternating current by means of a 


vacuum tube oscillator or by use of a 
suitable motor-generator set. 


FITTING THE EQUIPMENT TO THE Jos 


Recognizing the likelihood that there 
will be at least as many opinions con- 
cerning the type of equipment needed 
for a particular purpose as there are 
different units on the market, the author 
ventures some suggestions for severa 
typical applications: 


Determination of Steam Purity: 


An acceptance test on a new high- 
capacity boiler in a central station may 
require elaborate precautions to elim- 
inate dissolved gases from the condensed 
-team, together with precision equipment 
of the bridge type to measure the con- 
ductivity due to dissolved solids, in order 
that ability to meet a stringent guafantee 
on steam quality may be proved. A 
suitable degassing and automati¢ re- 
cording unit may even be permanently 
installed to give a continuous recofth of 
conditions during operation. By {em- 
ploying suitable nozzles, sampling lines, 
and flow cells with a multipoint recorder, 
steam going to the superheater, steam 
leaving the superheater, and condensate 
leaving the condenser, as well as raw 


_ water and feedwater may be checked 


throughout the operating life of the unit. 

Instrumentation of this sort is ob- 
viously valuable from the research as 
well as the operating viewpoint. In- 
deed, its expense may be justifiable only 
where the installation is supervised by 
a chemist or engineer not only qualified 
by training but driven by an inquiring 
mind. Such a man will recognize, not 
only the utility of the conductivity 
method in measuring dissolved salts, but 
also the uncertainties in the subsequent 
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interpretation into terms of operating 
difficulties. 

New industrial power plants contain- 
ing a small number of large boiler units 
fall in the same category as their con- 
temporary central stations. In many 
industrial plants, however, particularly 
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Fic. 5.—Conductivity Tests on Condensed De- 
gassed Steam from Three Different Boiler 
Plants. 


where a considerable number of boilers 
are in one or more locations, portable 
equipment is more practical. The em- 
phasis again should fall on the knowledge 
and experience of the man behind the 
measurement; even though a good man 
deserves good tools, he can, if necessary, 
correctly analyze a situation with equip- 
ment assembled from any electrical or 


radio supply store, while a man inade- 
quately prepared for the job may easily 
misinterpret data obtained with the fin- 
est equipment. 

Portable recording conductivity me- 
ters relieve the tedium of repeated meas- 
urement by manual adjustment, but the 
instrument cannot ‘yet substitute com- 
pletely for the man; all it can do is to 
record what it measures in the conduc- 
tivity cell; the man must decide whether — 
the increase in conductivity at 4 a.m. 
was due to increase in temperature of the 
sample because of decreased flow of 
cooling water, to increase in the content 
of dissolved gases in the sample because 
of variation in softener operation or 
efficiency of a degassing unit, or to actual 
carry-over of dissolved salts from the 
boiler. 

Figure 5 illustrates conditions which 
may be met in the application of the 
conductivity method. “Steam” may 
run the gamut from a nearly perfect 
product to one with most of the charac- 
teristics of boiler water. 


Testing for Condenser Leakage and Con- 
densate Purity: 


The same apparatus used for steam 
tests may, of course, be applied for this 
purpose. For routine checking, the use 
of indicating deflection meters may be 
convenient. 


Estimation of Dissolved Solids Content 
of Boiler Water and Control of Blow- 
down: 


In the estimation of dissolved solids of 
boiler water, even when samples are 
neutralized and considerably diluted, 
electrolytic strengths are high and polari- 
zation error becomes more important. 
There is also usually a certain degree of 
uncertainty in correlation of conductiv- 
ity with dissolved solids, especially since 
considerable amounts of nonionized ma- 
terial such as tannin, lignin, or other 
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organic material and perhaps silica may 
be present and yet be undetected by the 
conductivity method. Even though 
readings may consistently exhibit an 
absolute error, if results are consistent 
and reproducible, they are very likely 
to be adequate for plant control. In 
view of the inherent errors under these 
circumstances, it is doubtful if the use of 
precise equipment is justified. In many 
cases, simple indicating deflection in- 
struments can be used to advantage. 


Control of Plant Waters and Solutions: 


Routine checks of raw water, feed- 
water, and process solutions may all be 
made with relatively simple indicating 
deflection equipment. Such measure- 
ments cannot always be related accu- 
rately to definite values of conductivity 
or resistivity, but they can serve as a 
continuing check on the performance of 
plant units and treatment and as an 


indicator of contamination. _ 


Even the simplest conductivity equip- 
ment can be employed in running con- 
ductimetric titrations, for example, of 
alkalinity. Indicating deflection appa- 
ratus may be more convenient for this 
purpose than more accurate bridges 
which require manual balancing. 


Conductimetric Titrations: 


CONCLUSION 


In selecting instruments and cells, the 
demands for accuracy and convenience 


must necessarily be satisfied as economi- 
cally as possible. Of course, this does 
not necessarily mean purchasing the 
cheapest apparatus, but rather that 
which will best do the work and stand 
up in continuous service. Sometimes 
the purchase of accurate all-purpose 
equipment is justified by the opportuni- 
ties offered for wide application. In 
other: cases relatively simple apparatus 
will yield results adequate for partic- 
ular uses. 

While cells are already available in a 
variety of designs and materials, it is to 
be expected that there will be consider- 
able development in the future of the 
newer plastics and alloys in forming 
rugged, corrosion-resisting flow cells for 
industrial usage. 

Of the two principal types of instru- 
ment, the Wheatstone bridge and the 
deflection meter, the former is recognized 
as inherently the more stable and accu- 

_ Tate and is to be recommended for precise 

_measurement. Recorders and con- 

_ trollers embodying this principle will no 
doubt come into more prominent use on 
account of their convenience. Deflec- 
tion instruments, especially those of the 
simple and inexpensive indicating type, 
can be widely applied in routine check- 
ing and control. 

In brief, it has been the aim of the 
author to point out the general types of 
conductivity equipment available and 
to mention some of the factors to be 
considered in choosing apparatus for 
particular applications. 
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Conpuctivity CELLS AND ELECTRICAL MEASURING INSTRUMENTS 


Mr. R. T. HANLon.'—A review of the 
results obtained using the high-tempera- 
ture conductivity cell developed by Mr. 
Mumford may be helpful in indicating 
the applicability of this cell to evaluation 
of boiler water soluble solid con- 
centration. 

We paralleled the high-temperature 
cell with a cooling coil in conjunction 
with an ordinary liquid type conduc- 
tivity cell and cooled the boiler water 
passing through this cell to 25 C. A 
comparison of simultaneous conductivity 
determinations using these two cells 
showed that the conductivity values ob- 
tained using the Mumford cell increased 
and decreased in proportion to those ob- 
tained with the sample at 25 C. In this 
manner the performance of the Mumford 
cell was correlated with the conductivity 
data as given in the International Criti- 
cal Tables. 

Mr. Kaufman has submitted an ex- 
cellent paper outlining the various means 
by which conductivity may be measured. 
In connection with this paper, too much 
emphasis cannot be placed upon the 
calibration procedure followed in stand- 
ardizing cells for conductivity measure- 

ment. The use of the conductivity 
method for determination of steam 
quality has progressed beyond the point 
where relative samples taken at scattered 
points, and not simultaneously, are con- 
sidered adequate for accurate steam- 
quality measurement. It is now com- 


! Chemist, Consolidated Edison Company of New 
York, Inc., New York, N. Y. 


By A. R. MuMForRD 


KAUFMAN 


By C. E. 


mon practice to obtain simultaneous" 
samples across a boiler drum in the 
manner prescribed by Baker (3)? or to 
make simultaneous conductivity deter- 
minations at various points in the steam 
cycle for comparative purposes. Hence, 
accurate cell standardization procedures 
which will yield reproducible results must 
be employed. 


Relative to conversion of conductivity 
values to parts per million soluble solids, 
our experience indicates that such a 
practice should not be encouraged until 
it is possible to submit sound laboratory 
results upon which such conversion 
should be predicated. 


Mr. A. R. Mumrorp’® (author’s closure, 
by letter)—The author is very appre- 
ciative of the kind of work Mr. Han- 
lon mentions as having been done in 
extending the information concerning 
the operation of the new cell. It was 
unfortunate that the pressure of other 
activities and demands for use of the 
equipment prevented the accumulation 
of all the data desired before the pub- 
lication of the descriptive matter took 
place. It is to be hoped that extended 
performance data will be collected and 
made available to confirm the prelim- 
inary indications of satisfactory per- 
formance. 


2 The boldface number in parentheses refers to a paper 
appearing in the bibliography appended to this symposium, 
see p. 1338. 

*Senior Research Associate, Consolidated Edison 
Company of New York, Inc., New York, N. Y. 
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SUMMARY OF PROCEEDINGS OF THE WASHINGTON SPRING 
MEETING 
SYMPOSIUM ON NEW METHODS FOR PARTICLE SIZE 
DETERMINATIONS IN THE SUBSIEVE RANGE 


SYMPOSIUM ON COLOR—ITS SPECIFICATION AND USE IN 
EVALUATING THE APPEARANCE OF MATERIALS | 


The twelfth spring meeting of the Society was held in Washington, D. C. 
_ at The Mayflower, Tuesday, March 4, and Wednesday, March 5, 1941, in 
conjunction with the Group Meetings of the A.S.T.M. Committees. The 
spring meeting consisted of two formal technical symposiums—one on 

_ Particle Size, the other on Color. 


Symposium on Particle Size: => = - 


The afternoon and evening sessions on Tuesday, March 4, were devoted 
to the Symposium on New Methods for Particle Size Determinations in 
the Subsieve Range. This symposium was developed under the auspices 
of the Section on Pigment-Type Materials of Technical Committee III on 
Particle Size and Shape, of Committee E-1 on Methods of Testing of the 
American Society for Testing Materials, C. E. Barnett (Chairman), The 
New Jersey Zinc Co. (of Pennsylvania). 

The development of satisfactory, practical test methods for the determi- 
nation of particle sizes must depend upon the research of individual investi- 
gators. In the past few years there has been much activity in this work and 
consideration to those procedures which appear to have possibilities as 
specification methods. To this end the following seven papers in this 
symposium cover the measurement of particles varying all the way from 
submicroscopic up to those which can be separated by screening: 


“Methods for Determining Particle Size Distribution,” by Herbert E. 
Schweyer, Graduate Student, Columbia University, and Lincoln T. Work, 
Director of Research and Development, Metal and Thermit Corp. 

“Shape and Surface of Fine Powders by the Permeability Method,” by P. C. 
Carman, University of Cape Town (South Africa). 

“Surface Area of Portland Cement,” by Paul S. Roller, Physical Chemist, 
Eastern Experiment Station, U. S. Bureau of Mines, and P. V. Roundy, 
Jr., Cooperative Fellow, American Instrument Co. 

“The Determinations of Subsieve Particle Size Distributions by Sedimentation 
Methods,” by S. W. Martin, Research Chemist, Titanium Division, 
National Lead Co. 

“The Electron Microscope in the Determination of Particle Size Character- 

_ istics,” by James Hillier, Research Laboratories, RCA Manufacturing Co. 
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“A New Method for Measuring the Surface Areas of Finely Divided Materials 
and for Determining the Size of Particles,” by P. H. Emmett, Professor, 
Department of Chemical and Gas Engineering, The Johns Hopkins 
University. 

“Specific Surface of Pigments by Adsorption from Solution,” by Warren W. 
Ewing, Professor of Physical Chemistry, Lehigh University. 


The presiding officers for the sessions were Lincoln T. Work and C. E. 
Barnett. 


Symposium on Color: 


An afternoon session on Wednesday, March 5, of the meeting comprised a 
Symposium on Color—Its Specification and Use in Evaluating the Appear- 
ance of Materials. This symposium was jointly sponsored by the Society 
and the Inter-Society Color Council. The Inter-Society Color Council is 
an organization of national societies having an interest in color. The aim 
of the council is to coordinate and to stimulate the work on color which is 
being done in the member bodies. 

The joint committee in charge of the development of the technical pro- 
gram consisted of the following: 


 M Rea Paul (Chairman), National Lead Co. 

A. G. Ashcroft, Product Engineer, Alexander Smith and Sons Carpet Co. 

Wz E. Emley, Chief, Division of Fibrous and Organic Materials, National 
Bureau of Standards. 

_C. E. Foss, Interchemical Corp. 


W. R. Fuller, Technical Director, Grand Rapids Varnish Corp. 


H. A. Gardner, Director, Scientific Section, National Paint, Varnish and 
Lacquer Assn., Inc. 
Deane B. Judd, Physicist, National Bureau of Standards. 


; Richard S. Hunter, Assistant Physicist, National Bureau of Standards. 
Paul Rapp, Associate Chemist, Public Roads Administration, Federal Works 


Agency. 
W. M. Scott, Chief, Cotton Chemical Finishing Division, U. S. Bureau of 
a Agricultural Chemistry and Engineering. 
. The following six papers in this symposium cover practically all phases of 


color, and stress those aspects of primary interest to the specifier of appear- 
ance attributes of color: 


“Introduction to Color,’ by Deane B. Judd, Physicist, National Bureau of 
Standards. 

“Color Specifications of Transparent Materials,” by Francis Scofield, Chemist, 

* National Paint, Varnish and Lacquer Assn., Inc. 

“Hiding Power and Opacity,” by Roscoe H. Sawyer, Research Division Head, 
Krebs Pigment and Color Corp. 

“Color Standards for Opaque Materials,” by I. H. Godlove, Physicist and 
Chemist, Technical Laboratory, E. I. du Pont de Nemours and Co. 

: “Spectrophotometry and Color Evaluation,” by A. E. Parker, Physicist, 


Electrical Testing Laboratories. 
“Photoelectric Tristimulus Colorimetry,” by Richard S. Hunter, Assistant 


Physicist, National Bureau of Standards. a 
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The presiding officer at the symposium session and the officers represent- 
ing the two sponsor bodies, were as follows: 


__M. Rea Paul (Symposium Chairman), National Lead Co. 
W. M. Barr (President, A.S.T.M.), Chief Chemical and Metallurgical Engi- 
neer, Union Pacific Railroad Co. 
Deane B. Judd (Chairman, I.S.C.C.), Physicist, National Bureau of Standards. 
_G. E. F. Lundell (Vice-President, A.S.T.M.; Chairman, Washington Com- 
mittee on Arrangements), Chief, Chemistry Division, National Bureau 
of Standards. 


The evening of Wednesday, March 5, was devoted to a popular session on 
Parade of Color sponsored by the Inter-Society Color Council with A.S.T.M. 
participating. 

The papers in both of the above symposiums elicited discussion which 
contributed greatly to the information contained in the papers. The 
papers of the two symposiums complete with discussion have been issued by 
the A.S.T.M. as separate publications entitled, respectively, “Symposium 
on New Methods for Particle Size Determinations in the Subsieve Range,” 
and “Symposium on Color—Its Specification and Use in Evaluating the 
Appearance of Materials.” 

The three technical sessions were very well attended, there being over 300 
persons at each session. 
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Abrasion Testing. 


SUBJECT INDEX 
VOLUME 41 


Alkalinity. 


See Neutralization. 


Concrete and Concrete Aggregates. Report Alloys, Non-Ferrous. 


of Committee C-9, 286. 
Road and Paving Materials. Report of 
Committee D-4, 365. 


Accelerated Testing. 
See Abrasion Testing; Corrosion: Weath- 


ering, 


Acidity. 


See Neutralization. 
A. C. Permeability. 
Measurement of Core Loss and A. C. Per- 


meability with the 25-cm. Epstein Frame— 
S. L. Burgwin, 779. Discussion, 796. 


Adhesive Tape. 


A Method for the Testing of Adhesive Tape— 
William C. Geer and Ww. Burton 


1217. 
Admiralty Metal. 


Atmospheric Corrosion. Report of Sub- 
committee VI, Committee B-3, 172. 
Aggregates. 


See also Stone. 


Concrete and Concrete Report 
of Committee C-9, 286. 

The Effect of Fine Aggregate on the Dur- 
ability of Mortars—C. A. Hughes and 


Kenneth A. Andersen, 987. 
Air Permeability. 


A Study of the Grindability of Coal and the 
Fineness of Pulverized Coal when Using 
the Lea-Nurse Air Permeability Method for 
Evaluating the Subsieve Fractions—J. B. 

Romer, 1152. Discussion, 1167. 
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See also Aluminum; Brass; Bronze; Copper; 

Electrical-Resistance and Heating Alloys; 
Magnesium; Zinc. 

Atmospheric Corrosion. Report of Subcom- 
mittee VI, Committee B-3, 172. 

Chemical Analysis of Metals. Report of 
Committee E-3, 500. 

Copper and Copper-Alloy Wires for Electrical 
Conductors. Report of Committee B-1, 
159. 

Copper and Copper Alloys, Cast and Wrought. 
Report of Committee B-5, 182. 

Corrosion of Non-Ferrous Metals and Alloys. 
Report of Committee B-3, 169. 

Die-Cast Metals and Alloys. Report of Com- 
mittee B-6, 199. 

The Divider Method in Tension Testing of 
Magnesium-Base Alloys, H. W. Schmidt. 
Report of Committee B-7, Appendix III, 
219. 

Effect of Temperature on the Properties 
Metals. Report of Joint Research Com- 
mittee, 154. 

Electrical-Heating, Electrical-Resistance, and 
Electric-Furnace Alloys. Report of Com- 
mittee B-4, 177. 

Electrodeposited Metallic Coatings. Report 
of Committee B-8, 222. 

Fatigue Tests on Some Copper Alloys—A. R. 
‘Anderson and Cyril Stanley Smith, 849. 
Discussion, 858. 

A High Strength Aluminum Sand Casting 
Alloy not Requiring Solution Treatment 
and Quench. Report of Committee B-7, 
‘Appendix IT, 216. 

Light Metals and Alloys, Cast and Wrought. 
Report of Committee B-7, 203. 
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Mercury Cracking Test, Procedure and Con- 
trol—H. Rosenthal and A. L. Jamieson, 897. 
Discussion, 927. 

Metallography. Report of Committee E-4, 
502. 

Non-Ferrous Metals and Alloys. Report of 
Committee B-2, 165. 

The Properties of Certain Lead-Bearing 
Alloys—Albert J. Phillips, Albert A. Smith, 
Jr., and Paul A. Beck, 886. Discussion 
894. 

Proposed Revisions in Standards for Light 
Metals and Alloys, Cast and Wrought. 
Report of Committee B-7, Appendix I, 208. 

The Sampling of Steam and Boiler Water— 
A. R. Belyea and A. H. Moody, 1264. 
Discussion, 1274. 

Spectrographic Analysis. Report of Com- 
mittee E-2, 498. 

The Tensile Properties of Some Copper Alloys 
—Cyril Stanley Smith and. R. W. Van 
Wagner, 825. Discussion, 846. 


Alloy Steel. 


See also Corrosion-Resisting Alloy Steels; 
Steel. 

Addition of Bismuth for Producing Free- 
Machining Stainless Steels—H. Pray, R. S. 
Peoples, and F. W. Fink, 646. Discussion, 
656. 

Compression and Tension Tests of Structural 
Alloys—Bruce Johnston and Francis Opila, 
552. Discussion, 571. 

The Effect of Carbide Spheroidization upon 
the Creep Strength of Carbon-Molybdenum 
Steel—S. H. Weaver, 608. Discussion, 628. 

Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 

mittee, 154. 

The Effect of Type of Testing Machine on 
Fatigue Test Results. Report of the Re- 
search Committee on Fatigue of Metals, 
Appendix, 133. Discussion, 151. 

Iron-Chromium, Iron-Chromium-Nickel and 
Related Alloys. Report of Committee 
A-10, 128. 

Magnetic Properties. Report of Committee 
A-6, 124. 

Pitting and Its Effect on the Fatigue Limit of 
Steels Corroded Under Various Conditions 


—D. Me: Adam, Jr., and G. W. Geil, 06. 


Supyect INDEX 


The Sampling of Steam and Boiler Water— 
A. R. Belyea and A. H. Moody, 1264. 
Discussion, 1274. 

The Stress-Strain Characteristics of Cold- 
Rolled Austenitic Stainless Steels in Com- 
pression as Determined by the Cylinder 
Test Method—Russell Franks and W. O. 
Binder, 629. 

Young’s Modulus of Elasticity and Some 
Related Properties of Graphitic Materials— 
H. A. Schwartz and C. H H. Junge, 816. 
Discussion, 824. 


Aluminum. 


Atmospheric Corrosion. Report of Sub- 
committee VI, Committee B-3, 172. 

Compression and Tension Tests of Structural 
Alloys—Bruce Johnston and Francis Opila, 
552. Discussion, 571. 

Die-Cast Metals and Alloys. Report of 
Committee B-6, 199. 

Effect of Rate of Strain on Yield Strength, 
Tensile Strength, Elongation, and Reduc- 
tion of Area in Tension Tests, P. G. Jones 
and H. F. Moore. Report of Committee 
E-1, Appendix IT, 488. 

The Effect of Type of Testing Machine on 
Fatigue Test Results. Report of the Re- 
search Committee on Fatigue of Metals, 
Appendix, 133. Discussion, 151. 

Finishes for Aluminum Die Castings—A. E. 
Keskulla and Junius D. Edwards, 931. 

A High Strength Aluminum Sand Casting 
Alloy Not Requiring Solution Treatment 
and Quench. Report of Committee B-7, 
Appendix IT, 216. 

Light Metals and Alloys, Cast and Wrought. 
Report of Committee B-7, 203. 

Mobilizing Materials for Defense—John H. 
Van Deventer. Published in ASTM 
BULLETIN, No. 111, August, 1941, p. 19. 

Proposed Revisions in Standards for Light 
Metals and Alloys, Cast and Wrought. 
Report of Committee B-7, Appendix I, 
208. 

The Sampling of Steam and Boiler Water— 
A. R. Belyea and A. H. Moody, 1264. 
Discussion, 1274. 


Ammonia. 


The Degasification of Steam Samples for Con- 
ductivity Tests—P. B. Place, 1302. Dis- 
cussion, 1313. 
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Ammonia (Continued): 

- Experimental Methods for Determining Con- 
ductivity Corrections for Dissolved Gases 
in Steam Condensate—S. F. Whirl and W. 
A. Lower, 1277. Discussion, 1296. 


Analytical Chemistry. 


See Chemical Analysis; 
Analysis. 

(Methods of analyses, testing, etc., are 
also indexed under the materials and 
subjects covered by them.) 

Annapolis Exposure Tests. 

Record of failures in atmospheric tests at 
Annapolis of No. 22-gage copper-bearing 
and non-copper-bearing corrugated black 
sheets, Report of Committee A-5, 98. 

Annual Meeting. 

Summary of Proceedings of the Forty-fourth 

Annual Meeting, 1. 
Anodic Coatings. 

Light Metals and Alloys, Cast and Wrought. 

Report of Committee B-7, 203. 


Anthracite. 
See Coal. _ 
Antimony. 


Comparative Value of Arsenic, Antimony, and 
Phosphorus in Preventing Dezincification— 
W. Lynes, 859. Discussion, 880. 

Mobilizing Materials for Defense—John H. 
Van Deventer. Published in ASTM 
BULLETIN, No. 111, August, 1941, p- 19. 


Apparatus. 
See Testing Apparatus. 


Arsenic. 
Comparative Value of Arsenic, Antimony, and 
Phosphorus in Preventing Dezincification— 


W. Lynes, 859. Discussion, 880. 
Asbestos. 
Textile Materials. Report of Committee 
D-13, 440. 
Asphalt. 


Bituminous Waterproofing and Roofing Ma- 
terials. Report of Committee D-8, 379. 
Fundamental Significance of Oliensis Spot 

Test—Quantitative Tests for Homogeneity 


—G. L. Oliensis, 1108. Discussion, 1123. _ 


SuByecTt INDEX 


The Influence of Recovery Temperature on 
the Ductility of the Recovered Asphalt— 
Carl Bussow, 1131. 

Road and Paving Materials. 
mittee D-4, 365. 


of Com- 
Atmospheric Exposure. 

See Corrosion; Weathering. 


Automotive Rubber. 
See Rubber Products. 


Aviation Gasoline. 
See Gasoline. 


Axles. 
Fatigue Comparison of 7-in. Diameter Solid 
and Tubular Axles—O. J. Horger and T. V. 
Buckwalter, 682. Discussion, 694. 


B 
Barbed Wire. 
Field Tests of Wire and Wire Products. Re- 
port of Wire Inspection Committee, Com- 
mittee A-5, 101. 


Beams. 

Statistical Theory of the Effect of Dimen- 
sions and of Method of Loading upon the 
Modulus of Rupture of Beams—John 
Tucker, Jr., 1072. Discussion; 1089. 

Tests of Glued Laminated Wood Beams Im- 
pregnated with Creosote—William A. 
Oliver, 1198. Discussion, 1212. 

Bearing Alloys. 

The Properties of Certain Lead-Bearing 

Alloys—Albert J. Phillips, Albert A. Smith, 


Jr., and Paul A. Beck, 886. Discussion, 
894. 


Bismuth. 


Addition of Bismuth for Producing Free- 
Machining Stainless Steels—H. Pray, R. 5. 
Peoples, and F. W. Fink, 646. Discussion, 


656. 
Bituminous Materials. 


See Asphalt; Petroleum Products; Roofing 
Materials; Waterproofing Materials. 


Bituminous Coal. 
See Coal. 
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Mercury Cracking Test, Procedure and Con- 

a Rosenthal and A. L. Jamieson, 
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Crankcase Oil. 
See Lubricants. 


Creep Tests. 

See also Temperature, Effect of. 

Concrete Under Sustained Working Loads; 
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H. A. Schwartz and C. H. Junge, 816. 
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and of Method of Loading upon the Modu- 
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Jr., 1072. Discussion, 1089. 
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The Degasification of Steam Samples for 
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the Ductility of the Recovered Asphalt— 
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Fifteenth Award of the Charles B. Dudley 
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Electrical Insulating Materials. 
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An Investigation of Punching Quality of 
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Electrical-Heating, Electrical-Resistance, and 
Electric-Furnace Alloys. Report of Com- 
mittee B-4, 177. 


Electrical Testing. 
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Electroplated Finishes. 
The Finishing of Zinc-Base Alloy Die Cast- 
ings—E. A. Anderson, 949. 
Finishes for Aluminum Die Castings—A. E. 


Keskulla and Junius D. Edwards, no 
Elongation. 


Effect of Rate of Strain on Yield Strength, 


° Tensile Strength, Elongation, and Reduc- 
tion of Area in Tension Tests, P. G. Jones 
and H. F. Moore. Report of Committee 
 E-1, Appendix IT, 488. 
Effect of Specimen Shape and Size on Meas- 
ured Values of Tensile Properties, G. F. 
Jenks. Report of Committee E-1, Appen- 
dix I, 483. 
Emulsified Asphalt. 
See Asphalt. 
Endurance Testing. 
See Fatigue. 
Epstein Frame. 
Measurement of Core Loss and A. C. Per- 
- meability with the 25-cm. Epstein Frame— 
S. L. Burgwin, 779. Discussion, 796. 
Etching. 


See Metallography. 


Executive Committee. 
Annual Report of the Executive Committee, 
43. 


Exposure Tests. 
See Corrosion; Weathering. 


Fabrics. 
See Textile Materials. 


Fatigue. 

The Effect of Shot Blasting and Its Bearing 
on Fatigue—J. M. Lessells and W. M. 
Murray, 659. Discussion, 674. 

The Effect of Type of Testing Machine on 

- Fatigue Tests Results. Report of the Re- 

- search Committee on Fatigue of Metals, 
Appendix, 133. Discussion, 151. 
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Fatigue Comparison of 7-in. Diameter Solid 
and Tubular Axles—O. J. Horger and T. V. 
Buckwalter, 682. Discussion, 694. 

Fatigue of Metals. Report of the Research 
Committee, 132. 

Fatigue and Static Load Tests of a High- 
Strength Cast Iron at Elevated Tempera- 
tures—W. Leighton Collins and James O. 
Smith, 797. Discussion, 808. 

Fatigue Tests on Some Copper Alloys—A. R. 
Anderson and Cyril Stanley Smith, 849. 
Discussion, 858. 


Mechanical Tests of Cellulose Acetate—Wil- ‘ 


liam N. Findley, 1231. Discussion, 1244. 

A New High-Temperature Fatigue Machine— 
W. P. Welch and W. A. Wilson, 733. Dis- 
cussion, 746. 

Pitting and Its Effect on the Fatigue Limit of 
Steels Corroded Under Various Conditions 
—D. J. McAdam; Jr., and G. W. Geil, 696. 
Discussion, 732. 

The Properties of Certain Lead-Bearing Al- 
loys—Albert J. Phillips, Albert A. Smith, 
Jr., and Paul A. Beck, 886. Discussion, 
894. 

Testing Material in the Resonance Range— 
R. K. Bernhard, 747. 

Fence. 

Field Tests of Wire and Wire Products. Re- 
port of Wire Inspection Committee, Com- 
mittee A-5, 101. 

Ferro-Alloys. 

Ferro-Alloys. 


Fiberboard. 


Paper and Paper Products. 
mittee D-6, 375. 
Fibers. 
Measurements of Power Factor and Dielec- 
tric Constant at Ultra High Frequencies— 
K. G. Coutlee, R. F. Field, E.O. Hausmann, 
Thomas Hazen and Harry R. Meahl, 1172. 


Report of Committee A-9, 127. 


Report of Com- 


Textile Materials. Report of Committee 
D-13,440. 
Finances. 


Annual Report of the Executive Committee, 
43. 

Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 
mittee, 154. 
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Fineness. 


See also Particle Size. 


_ A Study of the Grandiability of Coal and the 
Fineness of Pulverized Coal when Using the 
Lea-Nurse Air Permeability Method for 
Evaluating the Subsieve Fractions—J. B. 
Romer, 1152. Discussion, 1167. 


Finishes. 
Finishing Magnesium Die Castings—H. W. 
Schmidt, 941. 
The Finishing of Zinc-Base Alloy Die Cast- 
ings—E. A. Anderson, 949. 
Finishes for Aluminum Die Castings—A. E. 
Keskulla and Junius D. Edwards, 931. 


Finishes, Textile. 


Proposed Methods for Identification of Fin- 
ishes on Textiles (Qualitative). Report of 
Committee D-13, Appendix IT, 455. 

Textile Materials. Report of Committee 
D-13, 440. 


Fire Brick. 


See Refractories. 


Fire Tests. 


Fire Tests of Materials and Construction. 
Report of Committee C-5, 235. 


Report on Comparative Fire Tests of Treated — 
and Untreated Wood. Report of Sub- 


committee II, Committee C-5, 238. 
Floor Tile. 
See Tile. 


Flow. 


Concrete Under Sustained Working Loads; 


Evidence that Shrinkage Dominates Time 
Yield—G. A. Maney, 1021. 
1031. 


A Device for Studying the Workability of 
Concrete—T. C. Powers and E. M. Wiler, 7 


1003. Discussion, 1016. 


Shear Strength of Molded Plastic Materials— 


John Delmonte. To be published — in 
ASTM Buttetin, No. 114, January, 1942. 


Freezing-and-Thawing Tests. 


The Effect of Fine Aggregate on the Durabil- 
ity of Mortars—C. A. Hughes and Kenneth 
A. Andersen, 987. 

Effect of Freezing Temperature in Freezing- 


Discussion, 
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Richmond and John W. McBurney, 967. 


and-Thawing Tests of Brick—Joseph C. 
Research. Report of Committee E-9, 507. 
Fuel Oil. 


See also Petroleum Products. — 

Diesel-Fuel-Oil Classification. Report of 
Committee D-2, Appendix V, 356. 

Proposed Method for Conversion of Kine- 
matic Viscosity to Saybolt Furol Viscosity. . 
Report of Committee D-2, Appendix I, 341. 
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Galvanizing. 


See also Zinc Coatings. 

An Equation Representing the Rate of De- 
velopment of Rust on Galvanized Iron 
Sheets as Estimated by the A.S.T.M. Test 
—J. B. Austin, 766. Discussion, 775. | 


Gas. 


Studies on the Measurement of Water Vapor | 
in Gases—F. C. Todd and A. W. Gauger, 
1134. 

Symposium on Problems and Practice in De- 
termining Steam Purity by Conductivity 

Methods: 

E. Hall, 1261. 

‘The Sampling of Steam and Boiler Water— 
A. R. Belyea and A. H. Moody, 1264. 
Discussion, 1274. 

Experimental Methods for Determining 
Conductivity Corrections for Dissolved 
Gases in Steam Condensate—S. F. Whirl 
and W. A. Lower, 1277. Discussion, 
1296. 

Calculation of Corrections to Conductivity 
Measurements for Dissolved Gases—D. 
S. McKinney, 1285. Discussion, 1296. 

The Degasification of Steam Samples for 

Conductivity Tests—P. B. Place, 1302. 

Discussion, 1313. 

_ A New Type of Conductivity Apparatus for 

Use with Boiler Waters and Steam Sam- 

ples—A. R. Mumford, 1314. 

sion, 1337. 

_ Conductivity Cells and Electrical Measur- 

ing Instruments—C. E. Kaufman, 1326. 
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Gasoline. Gum Test. 
Petroleum Products and Lubricants. Report Proposed Method of Test for Potential Gum 
of Committee D-2, 330. in Aviation Gasoline. Report of Com- 
Proposed Method of Test for Potential Gum mittee D-2, Appendix IV, 351. 
in Aviation Gasoline. Report of Com- 
mittee D-2, Appendix IV, 351. Gypsum. 
Gypsum. Report of Committee C-11, 290. 
Glass. Proposed Method of Test for Calcium Sul- 
Electrical Insulating Materials. Report of fate in Gypsum and Gypsum Products by 
_ Committee D-9, 389. the Ammonium Acetate Method. Report 
Glass and Glass Products. Report of Com- of Committee C-11, Appendix, 293. 
mittee C-14, 300. 
Laboratory apparatus, Report of Committee H 
E-1 on Methods of Testing, 475. Hardness Testing. 


Methods of Testing Volumetric Glassware. 
: : : An Investigation of Punching Quality of 
J. J. Moran. Report of Committee E-1, 
Anpendix IIT, 492 Laminated Phenolic Sheet. Report of 
“PI ‘ : Committee D-9, Appendix IT, 403. 


Report on Round-Robin Tests of Power Fac- 
The Properties of Certain Lead-Bearing Al- 


tor and Dielectric Constant for Glass— 


a loys—Albert J. Phillips, Albert A. Smith 

Philip A. Richards, 1183. Ps, 
_ wind cies Jr., and Paul A. Beck, 886. Discussion, 
Glass Textiles. 894. 


Textile Materials. Report of Committee The Strain Hardening of Gray Cast Iron— 


D-13, 440. John Sanford Peck, 811. Discussion, 815. 
Grain Size. _ Hard Rubber. 
See Metallography. See Rubber Products. 
Graphite. Heat Treatment. 
Microstructure of Cast Iron. Report of Sub- A High Strength Aluminum Sand Casting 
committee VII, Committee A-3, 90. Alloy Not Requiring Solution Treatment — 
and Quench. Report of Committee B-7, 
Graphitizable Steel. Appendix II, 216. 
Young’s Modulus of Elasticity and Some Re- Nomenclature and Definitions. Report of 
lated Properties of Graphitic Materials— Committee E-8, 504. 
H. A. Schwartz and C. H. Junge, 816. 
4 Jung Heating Elements. 
, 824. 
See Electrical-Resistance and Heating 
Gray Iron. Alloys. 
See Cast Iron. 


Grease. Summary of Proceedings of the Washington 


Spring Meeting—Symposium on Color— 


See also Lubricants. 


Performance Specifications for Greases— Its Specification and Use in Evaluating the 
Robert C. Adams and Harrison E. Patten, Appearance of Materials, 1342. 


1095. Discussion, 1105. High-Temperature Materials and Tests. 
Grindability. See Temperature, Effect of. 


A Study of the Grindability of Coal and the High-Temperature Service Materials. 
Fineness of Pulverized Coal when Using 
the Lea-Nurse Air Permeability Method for 
Evaluating the Subsieve Fractions—J. B. High-Temperature Testing. 

Romer, 1152. Discussion, 1167. _ See Temperature, Fffect of. 


See Refractories; Temperature, Effect of. 
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Homogeneity. 
Fundamental Significance of Oliensis Spot 


Test—Quantitative Tests for Homogeneity 
—G. L. Oliensis, 1108. Discussion, 1123. 


Hollow Tile. 
See Tile. 


"Hydrogen Ion Determinations. 


See pH Value. 
Hydrometer Method. 


An Improved Hydrometer Method for Use in 
Fineness Determinations—Alexander Klein, 
953. 


Ignitibility. 


A Laboratory Test for the Ignitibility of Coal 
—Ralph A. Sherman, J. M. Pilcher and H. 
N. Ostborg. Published in ASTM But- 
LETIN, No. 112, October, 1941, p. 23. Dis- 
cussion, p.32, 


Comparative Value of Arsenic, Antimony, 
and Phosphorus in Preventing Dezincifica- 
tion—W. Lynes, 859. Discussion, 880. 

it Effect of Temperature on the Properties of 

1, Metals. Report of Joint Research Com- 

mittee, 154. 


Impact Testing. 


Incandescent Lamp Materials. 


SeeElectrical-Resistanceand Heating Alloys. 


ng Industrial Waters. 
See Water. 
Instruments. ett 
See Testing Apparatus. 
the Insulating Materials. 
See also Electrical Insulating Materials; Re- 
fractories; Thermal Insulatirg Materials. 
Measurements of Power Factor and Dielec- 


tric Constant at Ultra High Frequencies— 
K. G. Coutlee, R. F. Field, E.O. Hausmann, 
Thomas Hazen and Harry R. Meahl, 1172. 
Report on Round-Robin Tests of Power Fac- 
tor and Dielectric Constant for Glass— 
Philip A. Richards, 1183. 
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See also Cast Iron; MalleableIron; Wrought 
Iron. 

Chemical Analysis of Metals. 
Committee E-3, 500. 

Corrosion of Iron and Steel. 
mittee A-5, 96. 

The Effect of Shot Blasting and Its Bearing 
on Fatigue—J. M. Lessells and W. M. 
Murray, 659. Discussion, 674. 

An Equation Representing the Rate of De- 
velopment of Rust on Galvanized Iron 
Sheets as Estimated by the A.S.T.M. Test 
—J. B. Austin, 766. Discussion, 775. 

Fatigue and Static Load Tests of a High- 
Strength Cast Iron at Elevated Tempera- 
tures—W. Leighton Collins and James O. 


Report of 


Report of Com- 


Smith, 797. Discussion, 808. 
Magnetic Properties. Report of Committee, 
A-6, 124. 


The Sampling of Steam and Boiler Water— 
A. R. Belyea and A. H. Moody, 1264. 
Discussion, 1274. 

The Strain Hardening of Gray Cast Iron— 
John Sanford Peck, 811. Discussion, 815. 

Young’s Modulus of Elasticity and Some Re- 
lated Properties of Graphitic Materials— 
H. A. Schwartz and C. H. Junge, 816. 
Discussion, 824. 


Iron-Chromium-Nickel Alloys. 


See Corrosion-Resisting Alloy Steels; Elec- 
trical-Resistance and Heating Alloys. 


Izod Impact. 
See Impact Testing. : 
Laboratory Apparatus. 7 
See Testing Apparatus; Thermometers, 
ASTM. 
Lacquers. 


See also Electrical Insulating Materials. 
Paint, Varnish, Lacquer, and Related Prod- 
ucts. Report of Committee D-1, 311. 


Laminated Wood Beams. 


7 
Tests of Glued Laminated Wood Beams Im- 
pregnated with Creosote—William A. 
Oliver, 1198. Discussion, 1212. 
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Latex. . 
See Rubber Products. 


Lead. 

Atmospheric Corrosion. Report of Subcom- 
mittee VI, Committee B-3, 172. 

Mobilizing Materials for Defense—John H. 
Van Deventer. Published in ASTM 
BULLETIN, No. 111, August, 1941, p. 19. 

Non-Ferrous Metals and Alloys. Report of 
Committee B-2, 165. 

The Properties of Certain Lead-Bearing Alloys 
—Albert J. Phillips, Albert A. Smith, Jr., 
and Paul A. Beck, 886. Discussion, 894. 

Lead-Coated Wire. 

Field Tests of Wire and Wire Products. Re- 
port of Wire Inspection Committee, Com- 
mittee A-5, 101. 

Lecture. 

Natural and Synthetic Rubbers. Sixteenth 
Edgar Marburg Lecture—Harry L. Fisher, 
521. 

Light Metals. 
See Aluminum ; Magnesium. 


Lime. 
Lime. Report of Committee C-7, 277. 
Properties of Limes and Lime Mortars— 
Howard R. Staley, 975. Discussion, 986. 


Loading Methods. 

Statistical Theory of the Effect of Dimen- 
sions and of Method of Loading upon the 
Modulus of Rupture of Beams—John 
Tucker, Jr., 1072. 


_ Los Angeles Abrasion Test. 
Concrete and Concrete Aggregates. 
of Committee C-9, 286. 
Road and Paving Materials. 
mittee D-4, 365. 


Report 


Report of Com- 


Low-Temperature Testing. 
See also Temperature, Effect of. 
Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 
mittee, 154. 


Lubricants. 


See also Petroleum Products. 
Petroleum Products and Lubricants. Re- 
_ 4g port of Committee D-2, 330. 
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Discussion, 1089. 


Petroleum Products and Lubricants. Re- 
port of Sectional Committee Z11, 360, 

Proposed Method of Test for Neutralization 
Number of New and Used Crankcase Oils, 
Report of Committee D-2, Appendix III, 
348. 

Proposed Method of Test for Neutralization 
Number of Petroleum Products by Elec- 
trometric Titration. Report of Committee 
D-2, Appendix IT, 342,00 

Machinability. 

Addition of Bismuth for Producing Free- 

Machining Stainless Steels—H. Pray, R. 


S. Peoples, and F. W. Fink, 646. Discus- 
sion, 656. > 

Magnesium. 


Die-Cast Metals and Alloys. Report of 
Committee B-6, 199. 

The Divider Method in Tension Testing of 
Magnesium-Base Alloys, H. W. Schmidt. 
Report of Committee B-7, Appendix III, 
219. 

Finishing Magnesium Die Castings—H. W. 
Schmidt, 941. 

Light Metals and Alloys, Cast and Wrought. 
Report of Committee B-7, 203. 

Mobilizing Materials for Defense—John H. 
Van Deventer. Published in ASTM 
BULLETIN, No. 111, August, 1941, p. 19. 

Proposed Revisions in Standards for Light 
Metals and Alloys, Cast and Wrought. 
Report of Committee B-7, Appendix I, 208. 

Magnesium Sulfate Test. 

The Effect of Fine Aggregate on the Durabil- 
ity of Mortars—C. A. Hughes and Kenneth 
A. Andersen, 987. 

Magnetic Testing. 

Magnetic Properties. Report of Committee 

A-6, 124. 
Malleable Iron. 


Young’s Modulus of Elasticity and Some Re- 
lated Properties of Graphitic Materials— 
H. A. Schwartz and C. H. Junge, 816. 
Discussion, 824. 


Manganese. 


Mobilizing Materials for Defense—John H. 
Van Deventer. Published in ASTM 
BULLETIN, No. 111, August, 1941, p. 19. 
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Marburg Lecture. 


iy Natural and Synthetic Rubbers. 
521. 


Masonry Units. 

See also Brick; Tile. 
Manufactured Masonry Units. 
; Committee C-15, 302. 
Mortars for Unit Masonry. 

mittee C-12, 295. 
Medal Award. 
Fifteenth Award of the Charles B. Dudley 
Medal. Summary of Proceedings of the 
Forty-fourth Annual Meeting, 21. 


Membership. 
Annual Report of the Executive Committee, 
43. 
| Mobilizing Materials for Defense—John H- 


Van Deventer. Published in ASTM 
BULLETIN, No. 111, August, 1941, p. 19. 


Report of 


Report of Com- 


Mercury Cracking Test. 
| Influence of External Stresses on Tendency 


of Brass Wires to Stress-Corrosion Crack, 


as Indicated by the Mercurous Nitrate 
Test—Harry P. Croft, 905. Discussion, 
927. 

Mercury Cracking Test, Procedure and Con- 


' trol—H. Rosenthal and A. L. Jamieson, 
897. Discussion,927. 
Metallography. 
” Metallography. Report of Committee E-4, 
q 502. 
Microstructure of Cast Iron. Report of Sub- 
committee VII, Committee A-3, 90. 
Metallurgy. 
The Fabrication of Carbon-Molybdenum 
Piping for High-Temperature Service— 
R. W. Emerson, 579. Discussion, 605. 
e- Young’s Modulus of Elasticity and Some Re- 
- lated Properties of Graphitic Materials— 
6. H. A. Schwartz and C. H. Junge, 816. 
Discussion, 824. 
Methods of Testing. 
“ See Chemical Analysis; Testing, Physical 
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(Papers and reports covering methods of 
analysis, sampling, testing, etc.,are indexed 
_ under the materials and subjects covered by 
them.) 


Mica. 


Electrical Insulating Materials. 
Committee D-9, 389. 


Report of 


Microstructure of Cast Iron. Report of Sub- 
committee VII, Committee A-3, 90. 


Modulus of Elasticity. 


See also Tension Testing. 

Discussion of Dynamic Methods of Testing 
Concrete with Suggestions for Standardiza- 
tion—Leonard Obert and Wilbur I. Duvall, 
1053. Discussion, 1071. 

Young’s Modulus of Elasticity and Some Re- 
lated Properties of Graphitic Materials— 
H. A. Schwartz and C. H. Junge, 816. 
Discussion, 824. 


Modulus of Rupture. 


Statistical Theory of the Effect of Dimensions 
and of Method of Loading upon the Modu- 
lus of Rupture of Beams—John Tucker, 


-Jr., 1072. Discussion, 1089. 


Moisture Content. 


Studies on the Measurement of Water Vapor 
in Gases—F. C. Todd and A. W. Gauger, 
1134. 

Proposed Method of Test for Moisture-Den- 
sity Relations of Soil. Report of Commit- 
tee D-18, Appendix II, 467. 


Molded Insulating Materials. 


See Electrical Insulating Materials; Plastics; 
Thermal Insulating Materials. 


Molybdenum. 


The Fabrication of Carbon-Molybdenum 
Piping for High-Temperature Service— 
R. W. Emerson, 579. Discussion, 605. 

Mobilizing Materials for Defense—John H. 
Van Deventer. Published in ASTM 
BULLETIN, No. 111, August, 1941, p. 19. 


Mortars. 

The Effect of Fine Aggregate on the Durabil- 
ity of Mortars—C. A. Hughes and Ken- 
neth A. Andeisen, 987. 

Lime. Report of Committee C-7, 277. 
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Mortars (Continued): 
Mortars for Unit Masonry. Report of Com- 
mittee C-12, 295. 
Properties of Limes and Lime Mortars— 
Howard R. Staley, 975. Discussion, 986. 


Motor Fuel. 

See Fuel Oil; Gasoline; Petroleum Products. 
Motor Oils. 

See Lubricants; Petroleum Products. 
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National Defense. 


Mobilizing Materials for Defense—John H. 
Van Deventer. Published in ASTM 
BULLETIN, No. 111, August, 1941, p. 19. 


Natural Building Stone. 
See Stone. 
Naval Stores. 
Naval Stores. Report of Committee ‘D-17, 
457. 


Neutralization. 


Proposed Method of Test for Neutralization 

_ Number of New and Used Crankcase Oils. 
Report of Committee D-2, Appendix ITI, 
348. 

Proposed Method of Test for Neutralization 
Number of Petroleum Products by Elec- 
trometric Titration. Report of Commit- 
tee D-2, Appendix IT, 342. 

Results of tests for neutralization number by 
various methods, Report of Committee D-2, 
332. 


Nickel. 
Atmospheric Corrosion. Report of Subcom- 
mittee VI, Committee B-3, 172. 
Electrodeposited Metallic Coatings. 
of Committee B-8, 222. 

Mobilizing Materials for Defense—John H. 
Van Deventer. Published in ASTM 
BuLLeETIN, No. 111, August, 1941, p. 19. 

Non-Ferrous Metals and Alloys. Report of 
Committee B-2, 165. 

~The Sampling of Steam and Boiler Water— 
A. R. Belyea and A. H Moody, 1264, 
Discussion, 1274. 


Nickel-Chromium Alloys. 


_ SeeAlloy Steel; Corrosion-Resisting Alloy 
Steels; Electrical-Resistance and Heat- 
ing Alloys. 
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Nickel-Copper Alloys. 
Atmospheric Corrosion. Report of Sub- 


committee VI, Committee B-3, 172. 
Non-Ferrous Metals and Alloys. Report of 


Committee B-2, 165. 
Nickel-Silver Alloy. 
See Brass; Bronze. , 
Nitrocellulose Finishes. 


Proposed Methods for Identification of 
Finishes on Textiles (Qualitative). Report 
of Committee D-13, Appendix IT, 455. 
Nomenclature, 
Nomenclature and Definitions. 
Committee E-8, 504. 
Proposed Definitions of Terms and Symbols 
Relating to Soil Mechanics. Report of 
Committee D-18, Appendix I, 460. _ 
Notch Effect. > 
Fatigue and Static Load Tests of a High- 
Strength Cast Iron at Elevated Tempera- 


tures—W. Leighton Collins and James O. 
Smith, 797. Discussion, 808. 


Report of 


Mechanical Tests of Cellulose Acetate— 
William N. Findley, 1231. Discussion, 
1244. 


Odor-Taste Contamination. 

Method for Testing Odor-Taste Contamina- 
tion Tendencies of Phenolic Plastic Clo- 
sures—A. Herman. Published in ASTM 
BuLtetin, No. 111, August, 1941, p. 33. 


Oils. 


See Fuel Oil; Lubricants; Petroleum Prod- 
ucts; Transformer Oils. 


Oliensis Spot Test. 
Fundamental Significance of Oliensis Spot 
Test—Quantitative Tests for Homogeneity 
-G. L. Oliensis, 1108. Discussion, 1123. 


Opacity. 
Summary of Proceedings of the Washington 
Spring Meeting—Symposium on Color— 
Its Specification and Use in Evaluating the 
Appearance of Materials, 1342. 


Oxidation Test. 


Performance Specifications for Greases— 
Robert C. Adams and Harrison E. Patten, 
1095. Discussion, 1105. 
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Paints. 


_ Proposed Method of Test for Potential Gum in 
Aviation Gasoline. Report of Committee 
D-2, Appendix IV, 351. 

- Proposed Methods of Test for Sludge Forma- 

tion in Mineral Transformer Oil. Report of 

Committee D-9, Appendix ITI, 413 


See also Electrical Insulating Materials; 
Lacquers; Pigments; Varnish. 
Finishing Magnesium Die Castings—H. W. 
Schmidt, 941. 
Finishes for Aluminum Die Castings—A. E. 
Keskulla and Junius D. Edwards, 931. 
Paint, Varnish, Lacquer, and Related Prod- 
ucts. Report of Committee D-1, 311. 
Preparation and Painting of Structural Iron 
and Steel Report of Subcommittee X XIX, 
Committee D-1, 322. 
_ Summary of Proceedings of the Washington 
Spring Meeting—Symposium on Color— 
Its Specification and Use in Evaluating the 
Appearance of Materials, 1342. 
Paper. 
Electrical Insulating Materials. 
Committee D-9, 389. 
Paper and Paper Products. 
mittee D-6, 375. 


Report of 


Report of Com- 


Papers and Publications. 


Annual Report of the Executive Committee, 
43. 

Summary of the Proceedings of the Forty- 
fourth Annual Meeting, 1. 


Particle Size. 


An Improved Hydrometer Method for Use in 
Fineness Determinations—Alexander Klein, 
953. 


Methods of Testing. Report of Committee 


E-1, 475. 

A Study of the Grindability of Coal and the 
Fineness of Pulverized Coal when Using 
the Lea-Nurse Air Permeability Method 
for Evaluating the Subsieve Fractions— 
J. B. Romer, 1152. Discussion, 1167. 

Summary of Proceedings of the Washington 
Spring Meeting—Symposium on New 
Methods for Particle Size Determinations 


in the Subsieve Range, 1341. oe Lynes, 859. Discussion, 880. 


Sommer 


in’ Aviation Gasoline. 


Paving Materials. 


See Aggregates; Asphalt; Brick; Cement; 
Concrete; Soils. 


Penetration. 


See also Consistency. 
The Influence of Recovery Temperature on 
the Ductility of the Recovered Asphalt— 
Carl Bussow, 1131. 


Performance Specifications. 


Performance Specifications for Greases— 
Robert C. Adams and Harrison E. Patten, 
1095. Discussion, 1105. 


Permeability. 


Measurement of Core Loss and A. C. Per- 
meability with the 25-cm. Epstein Frame— 
S. L. Burgwin, 779. Discussion, 796. 
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Methods for Particle Size Determinations 
in the Subsieve Range, 1341. 
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Report of Committee D-2, Appendix III, 
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tee D-2, Appendix IT, 342. 
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Plastics. 


Comparative Value of Arsenic, Antimony, 
and Phosphorus in Preventing Dezincifica- 


Phosphorus. 
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q pH Value. 

Methods of Testing. Report of Committee 
E-1, 475. 

Proposed Method of Test for Neutralization 
Number of Petroleum Products by Elec- 
trometric Titration. Report of Commit- 
tee D-2, Appendix 11,342, 


Pigments. 

See also Paints. 

Paint, Varnish, Lacquer, and Related Prod- 
ucts. Report of Committee D-1, 311. 

Summary of Proceedings of the Washington 
Spring Meeting—Symposium on Color— 

Tt Specification and Use in Evaluating the 
Appearance of Materials, 1342. 


and Piping Materials. 
Report of Committee C-13, 


Concrete Pipe. 
297. 

The Fabrication of Carbon-Molybdenum 
Piping for High-Temperature Service— 
R. W. Emerson, 579. Discussion, 605. 

Steel. Report of Committee A-1, 68. 


Pitch. 
Proposed Specifications for Coal-Tar Pitch 
for Steep Built-Up Roofs, Damproofing, 


and Waterproofing. Report of Committee 
-D-8, Appendix, 387. 


 Pitting. 
Pitting and Its Effect on the Fatigue Limit 
of Steels ‘Corroded Under Various Condi- 
tions—D. J. McAdam, Jr., and G. W. Geil, 


696. Discussion, 732. a 
Plastic Flow. 


Concrete Under Sustained Working Loads; 

Evidence that Shrinkage Dominates Time 
-Yield—G. A. Maney, 1021. Discussion, 
1031. 


Plasticity. 
Performance Specifications for Greases— 
Robert C. Adams and Harrison FE, Patten, 
1095. Discussion, 1105. 
Properties of Limes and Lime Mortars 
Howard R. Staley, 975. Discussion, 986. 


Plastics. 
See also Electrical Insulating Materials. 
Electrical Insulating Materials. 
Committee D-9, 389. 


Report of 


Factors Influencing Creep and Cold Flow of 
Plastics—J. Delmonte and W. Dewar. 
Published in ASTM BuLtLetin, No. 112, 
October, 1941, p. 35. Discussion, p. 41. 

An Investigation of Punching Quality of 
Laminated Phenolic Sheet. Report of 
Committee D-9, Appendix IT, 403. 

_ Measurements of Power Factor and Dielec- 
tric Constant at Ultra High Frequencies— 
K. G. Coutlee, R. F. Field, E.O. Hausmann, 
Thomas Hazen and Harry R. Meahl, 1172. 

Mechanical Tests of Cellulose Acetate— 
William N. Findley, 1231. Discussion, 
1244. 

Method for Testing Odor-Taste Contamina- 
tion Tendencies of Phenolic Plastic Clos- 
ures—A. Herman. Published in ASTM 
BuLtetin, No. 111, August, 1941, p. 33. 

Mobilizing Materials for Defense—John H. 
Van Deventer. Published in ASTM 
BULLETIN, No. 111, August, 1941, p. 19. 

Plastics. Report of Committee D-20, 472. 

Resistance of Plastics to Chemical Reagents 
—G. M. Kline, R. C. Rinker and H. F. 
Meindl, 1246. Discussion, 1258. 

Shear Strength of Molded Plastic Materials 


—John Delmonte. To be published in 
ASTM Buttetin, No. 114, January, 
1942. 

Plate. 


Effect of Specimen Shape and Size on Meas- 
ured Values of Tensile Properties, G. F. 


Jenks. Report of Committee E-1, Appen- 
dix I, 483. 
Platinum. 


Mobilizing Materials for Defense—John H. 
Van Deventer. Published in ASTM 
BuLLetTIN, No. 111, August, 1941, p. 19. 


Portland Cement. 


See Cement. 
Potentiometric Titration. 

Proposed Method of Test for Neutralization 
Number of Petroleum Products by Elec- 
trometric Titration. Report of Committee 
D-2, Appendix IT, 342. 


Power Factor. 


Measurements of Power Factor and Dielec- 

tric Constant at Ultra High Frequencies— 
K. G. Coutlee, R. F. Field, E.O. Hausmann, 
Thomas Hazen and Harry R. Meahl, 1172. 
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_ Report on Round-Robin Tests of Power 
Factor and Dielectric Constant for Glass— 
Philip A. Richards, 1183. 


Presidential Address. 
Specifications, and Safety. 


Speed, Annual 


Address by the President, W. 


M. Barr, 38. 


Publications. 
See Papers and Publications. 


Punching Quality Test. 


An Investigation of Punching Quality of 
Laminated Phenolic Sheet. Report of 


Committee D-9, Appendix IT, 403. : 
Q 


| Quartz. 


Measurements of Power Factor and Dielectric 
Constant at Ultra High Frequencies—K. 
G. Coutlee, R. F. Field, E. O. Hausmann, 
Thomas Hazen and Harry R. Meahl, 1172. 
Quicklime. 
See Lime. 
R 
, | The Effect of Shot Blasting | and Its Bearing 
. on Fatigue—J. M. Lessells and W. M. 
: Murray, 659. Discussion, 674. 
7 Metallography. Report of Committee E-4, 
502. 
Natural and Synthetic Rubber. Sixteenth 


| Edgar Marburg Lecture—Harry L. Fisher, 
521. 
Radio Tube Materials. ann 


See Electrical-Resisterce and Heating Alloys 


Rate of Loading. 
The Effect of Rate of Loading on Tensile 


Strength of Cord and Yarn—M. Cas- 
tricum and A. N. Benson, 1214. 
Rayon. 
Textile Materials. Report of Committee 
D-13, 440. 


Recovered Asphalt. sta © 


The Influence of Recovery Temperature on 
the Ductility of the Recovered Asphalt— 


Carl Bussow, 1131. 
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Refractories. 


Refractories. Report of Committee C-8, 
280. 


Research. 


Annual Report of the Executive Committee, 
43. 

Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 
mittee, 154. 

The Effect of Type of Testing Machine on 
Fatigue Test Results. Report of the Re- 
search Committee on Fatigue of Metals, 
Appendix, 133. Discussion, 151. 

Fatigue of Metals. Report of the Research 
Committee, 132. 

Research. Report of Committee E-9, 507. 


Resins. 


See also Plastics; Rosin; Shellac; Soaps and 
Detergents; Varnish. 

Proposed Methods for Identification of 
Finishes on Textiles (Qualitative). Report 


of Committee D-13, Appendix II, 455. _ 


See Electrical-Resistance and Heating Alloys. 


Road Materials. 


See also Aggregates, Asphalt; Brick; Cement, 
Concrete; Soils. 

Proposed Definitions of Terms and Symbols 
Relating to Soil Mechanics. Report of 
Committee D-18, Appendix I, 460. 

Proposed Method for Conversion of Kine- 
matic Viscosity to Saybolt Furol Viscosity. 
Report of Committee D-2, Appendix I, 
341. 

Proposed Method of Test for Moisture-Den- 
sity Relations of Soil. Report of Commit- 
tee D-18, Appendix II, 467. 

Road and Paving Materials. 
Committee D-4, 365. 

Soils for Engineering Purposes. 
Committee D-18, 459. 


Report of 


Report of 


Roofing Materials. 
Bituminous Waterproofing and Roofing Mate- 
rials. Report of Committee D-8, 379. 
Proposed Specifications for Coal-Tar Pitch 
for Steep Built-Up Roofs, Dampproofing, 
and Waterproofing. Report of Committee 
D-8, Appendix, 387. 


Rosin. 


Naval Stores. Report of Committee D-17, 


457. 


é Rubber Products. 

Measurements of Power Factor and Dielectric 
Constant at Ultra High Frequencies—K. 
G. Coutlee, R. F. Field, E. O. Hausmann, 
Thomas Hazen and Harry R. Meahl, 1172. 

Natural and Synthetic Rubbers. Sixteenth 
Edgar Marburg Lecture—Harry L. Fisher, 
521. 

Research. Report of Committee E-9, 507. 

Rubber Products. Report of Committee 
D-11, 422. 


Rusting. 
An Equation Representing the Rate of De- 
velopment of Rust on Galvanized Iron 
Sheets as Estimated by the A.S.T.M. Test 
—J. B. Austin, 766. Discussion, 775. 
Preparation and Painting of Structural Iron 
and Steel. Report of Subcommittee XXIX, 
Committee D-1, 322. 


Safety. 


Speed, Specifications, and Safety. Annual 
Address by the President, W. M. Barr, 38. 


a Sampling. 


The Sampling of Steam and Boiler Water— 
A. R. Belyea and A. H. Moody, 1264. 


Properties of Limes and Lime Mortars— 
Howard R. Staley, 975. Discussion, 986. 

Summary of Proceedings of the Washington 
Spring Meeting — Symposium on New 
Methods for Particle Size Determinations 
in the Subsieve Range, 1341. 


Discussion, 1274. 
4 Sea Water Corrosion. 
See Corrosion. ale 
_ Sedimentation Method. 


Sewer Pipe. 
See Pipe and Piping Materials. 


Shear Testing. 


Shear Strength of Molded Plastic Materials— 
John Delmonte. To be published in 
114, January, 


ASTM. \BuLLetIn, No. 


1942. 


Sommer 


Sheet. 


An Investigation of Punching Quality of 


Laminated Phenolic Sheet. Report of 
Committee D-9, Appendix II, 403. 
Shellac. 7 


Paint, Varnish, Lacquer, and Related Prod- 
ucts. Report of Committee D-1, 311. 


Shingles. 
Bituminous Waterproofing and Roofing Mate- 
rials. Report of Committee D-8, 379. 


Shipping Containers. 
Paper and Paper Products. 
mittee D-6, 375. 


Shipping Containers. Report of Committee 
D-10, 421. 


Report of Com- 


Shot Blasting. 


The Effect of Shot Blasting and Its Bearing 
on Fatigue—J. M. Lessells and W. M. 
Murray—659. Discussion, 674. 


Shrinkage. 

Concrete Under Sustained Working Loads; 
Evidence that Shrinkage Dominates Time 
Yield—G. A. Maney, 1021. 
1031. 


Discussion, 


Silver. 


Mobilizing Materials for Defense—John H. 
Van Deventer. Published in ASTM 
BuLtetIN, No. 111, August, 1941, p. 19. 


Slate. 


Natural Building Stones. 


Report of Com- 
mittee C-18, 308. 


Soaps and Detergents. 


Soaps and Detergents. 
tee D-12, 432. 


Report of Commit- 


Sodium Sulfate Test. 
The Effect of Fine Aggregate on the Dura- 
bility of Mortars—C. A. Hughes and Ken- 
neth A. Andersen, 987. 
Softening Point Test. _ a 
The Influence of Recovery Temperature on 


the Ductility of the Recovered Asphalt— 
Carl Bussow, 1131. 
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Naval Stores. Report of Committee D-17, 
457. 
Research. Report of Committee E-9, 507. 


Soils. 


The Measurement of Earth Pressures on the 
Chicago Subway—Ralph B. Peck. Pub- 
lished in ASTM Buttetin, No. 111, 

August, 1941, p. 25. 

Proposed Definitions of Terms and Symbols 
Relating to Soil Mechanics. Report of 

_ Committee D-18, Appendix I, 460. 

Proposed Method of Test for Moisture-Den- 
sity Relations of Soil. Report of Commit- 


~ Discussion of Dynamic Methods of Testing 
Concrete with Suggestions for Standardiza- 
tion—Leonard Obert and Wilbur I. Duvall, 
1053. Discussion, 1071. 


Soundness Testing. 


; The Effect of Fine Aggregate on the Dura- 
bility of Mortars—C. A. Hughes and Ken- 
neth A. Andersen, 987. 


Spectrographic Analysis. 
Spectrographic Analysis. Report of Com- 

mittee E-2,498. = 

Spectrophotometry. 

Summary of Proceedings of the Washington 
Spring Meeting—Symposium on Color— 
Its Specification and Use in Evaluating 
the Appearance of Materials, 1342. 
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Speed of Testing. 

Effect of Rate of Strain on Yield Strength, 
Tensile Strength, Elongation, and Reduc- 
tion of Area in Tension Tests, P. G. Jones 
and H. F. Moore. Report of Committee 
E-1, Appendix IT, 488. 

Mechanical Tests of Cellulose Acetate—Wil- 
liam N. Findley, 1231. Discussion, 1244. 

Methods of Testing. Report of Committee, 
E-1, 475. 


Sponge Rubber. 
See Rubber Products. 
Spot Test. 


Fundamental Significance of Oliensis Spot 
Test—Quantitative Tests for Homogeneity 
—G. L. Oliensis, 1108. Discussion, 1123. 
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Springs. 


Stainless Steel. 
See also Alloy Steel; 


tee D-18, Appendix II, 467. 
Soils for Engineering Purposes. Report of Standardization. 
Committee D-18,459. === ====~—~—s Annual Report of the Executive Committee: 


Statistical Analysis. 


Steam Purity. 


Research. Report of Committee E-9, 507. 


Corrosion-Resisting 
Alloy Steels. 

The Sampling of Steam and Boiler Water— 
A. R. Belyea and A. H. Moody, 1264. 
Discussion, 1274, 

The Stress-Strain Characteristics of Cold- 
Rolled Austenitic Stainless Steels in Com- 
pression as Determined by the Cylinder 
Test Method—Russell Franks and W. O. 
Binder, 629. 


Speed, Specifications, and Safety. Annual 
Address by the President, W. M. Barr, 38. 

Standards. Report of Committee E-10, 513. 

Summary of the Proceedings of the Forty- 
fourth Annual Meeting, 1. 


Atmospheric Corrosion. Report of Subcom- 
mittee VI, Committee B-3, 172. : 


Symposium on Problems and Practice in 
Determining Steam Purity by Conduc- 
tivity Methods: 

Introduction—R. E. Hall, 1261. 

The Sampling of Steam and Boiler Water— 
A. R. Belyea and A. H. Moody, 1264. 
Discussion, 1274. 

Experimental Methods for Determining 
Conductivity Corrections for Dissolved 


Gases in Steam Condensate—S. F. 
Whirl and W. A. Lower, 1277. Discus- 
sion, 1296. 


Calculation of Corrections to Conductivity 
Measurements for Dissolved Gases—D. 
S. McKinney, 1285. Discussion, 1296. 

The Degasification of Steam Samples for 
Conductivity Tests—P. B. Place, 1302. 
Discussion, 1313. 

A New Type of Conductivity Apparatus 
for Use with Boiler Waters and Steam 
Samples—A. R. Mumford, 1314. Dis- 
cussion, 1337. 

Conductivity Cells and Electrical Measur- 
ing Instruments—C. E. Kaufman, 1326. 
Discussion, 1337. 

Combined Bibliography, 1338. 
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‘Steel. 


An Accelerated Atmospheric Corrosion Test 
—H. Pray and J. L. Gregg, 758. 

Addition of Bismuth for Producing Free- 
Machining Stainless Steels—H. Pray, R. 
S. Peoples, and F. W. Fink, 646. Dis- 
cussion, 656. 

Chemical Analysis of Metals. Report of 
Committee E-3, 500. 

Compression and Tension Tests of Structural 
Alloys—Bruce Johnston and Francis Opila, 
552. Discussion, 571. 

Corrosion of Iron and Steel. Report of Com- 
mittee A-5, 96. 

The Effect of Carbide Spheroidization upon 
the Creep Strength of Carbon-Molybdenum 
Steel—S. H. Weaver, 608. Discussion, 
628. 

Effect of Rate of Strain on Yield Strength, 
Tensile Strength, Elongation, and Reduc- 
tion of Area in Tension Tests, P. G. Jones 
and H. F. Moore. Report of Committee 
Appendix IT, 488. 

The Effect of Shot Blasting and Its Bearing 
on Fatigue—J. M. Lessells and W. M. 
Murray, 659. Discussion, 674. 

Effect of Specimen Shape and Size on Meas- 
ured Values of Tensile Properties, G. F. 
Jenks. Report of Committee E-1, Ap 
pendix I, 483. 

Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 
mittee, 154. 

The Effect of Type of Testing Machine on 
Fatigue Test Results. Report of the Re- 
search Committee on Fatigue of Metals, 
Appendix, 133. Discussion, 151. 

The Fabrication of Carbon-Molybdenum 
Piping for High-Temperature Service— 
R. W. Emerson, 579. Discussion, 605. 

Fatigue Comparison of 7-in. Diameter Solid 
and Tubular Axles—O. J. Horger and T. 
V. Buckwalter, 682. Discussion, 694. 

Field Tests of Wire and Wire Products. 
Report of Wire Inspection Committee, 
Committee A-5, 101. 

Iron-Chromium, Tron-Chromium-Nickel and 
Related Alloys. Report of Committee 
A-10, 128. 


Magnetic Properties. Report of Committee 


A-6, 124. 
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_Metallography. Report of Committee E-4, 


502. 

Preparation and Painting of Structural Iron 
and Steel. Report of Subcommittee 
XXIX, Committee D-1, 322. 

Proposed Revisions in Standards for Steel. 
Report of Committee A-1, Appendix, 75. 

Record of failures in atmospheric tests at 
Annapolis of No. 22-gage copper-bearing 
and non-copper-bearing corrugated black 
sheets, Report of Committee A-5, 98. 

The Sampling of Steam and Boiler Water— 
A. R. Belyea and A. H. Moody, 1264. 
Discussion, 1274. 

Steel. Report of Committee A-1, 68. 

The Stress-Strain Characteristics of Cold- 
Rolled Austenitic Stainless Steels in Com- 
pression as Determined by the Cylinder 
Test Method—Russell Franks and W. O. 
Binder, 629. 

Young’s Modulus of Elasticity and Some 
Related Properties of Graphitic Materials 
—H. A. Schwartz and C. H. Junge, 816. 
Discussion, 824. 


Stone. 


See also Aggregates. 
Natural Building Stones. Report of Com- 
mittee C-18, 308. 


Strain Hardening. 


The Strain Hardening of Gray Cast Iron— 
John Sanford Peck, 811. Discussion, 815. 


Stripping Test. 


A Method for the Testing of Adhesive Tape— 
William C. Geer and W. Burton Wescott, 
1217. 


See Tile. 


Structural Clay Tile. 


Subway Construction. 


The Measuremer.t of Earth Pressures on the 
Chicago Subway—Ralph B. Peck. Pub- 
lished in ASTM Buttetrn, No. 
August, 1941, p. 25. 


Summary of Proceedings. 


Summary of the Proceedings of the Forty- 
fourth Annual Meeting, 1. 


Surface Area. 


Summary of Proceedings of the Washington 
Spring Meeting — Symposium on New 
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Symbols. 


Synthetic Rubber. 


Methods for Particle Size Determinations 
in the Subsieve Range, 1341. 


See Nomenclature. 


Sixteenth 
Edgar Marburg Lecture—Harry L. Fisher, 


Natural and Synthetic Rubbers. 


Tape. 


William C. Geer and W. Burton Wescott, 
1217. 


Tar. 


See Road Materials; Waterproofing Materials. 


Temperature, Effect of. 


The Effect of Carbide Spheroidization upon 
the Creep Strength of Carbon-Molyb- 
denum Steel—S. H. Weaver, 608. Dis- 
cussion, 628. 

Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 
mittee, 154. 

Electrical-Heating, Electrical-Resistance and 
Electric-Furnace Alloys. Report of Com- 
mittee B-4, 177. 

The Fabrication of Carbon-Molybdenum 
Piping for High-Temperature Service— 
R. W. Emerson, 579. Discussion, 605. 

Factors Influencing Creep and Cold Flow of 
Plastics—J. Delmonte and W. Dewar. 
Published in ASTM Buttetin, No. 112, 
October, 1941, p. 35. Discussion, p. 41. 

Fatigue and Static Load Tests of a High- 
Strength Cast Iron at Elevated Tempera- 
tures—W. Leighton Collins and James O. 
Smith, 797. Discussion, 808. 

A New High-Temperature Fatigue Machine 
—W. P. Welch and W. A. Wilson, 733. 
Discussion, 746. 

Tension Testing. 

Addition of Bismuth for Producing Free- 
Machining Stainless Steels—H. Pray, R. 
S. Peoples, and F. W. Fink, 646. Dis- 
cussion, 656. 

Comparative Value of Arsenic, Antimony, 


and Phosphorus in Preventing Dezincifica- 


tion—W. Lynes, 859. Discussion, 880. 


_ A Method for the Testing of Adhesive Tape— 


Compression and Tension Tests of Structural 
Alloys—Bruce Johnston and Francis Opila, 
552. Discussion, 571. 

The Divider Method in Tension Testing of 
Magnesium-Base Alloys, H. W. Schmidt. 
Report of Committee B-7, Appendix III, 
219. 

The Effect of Rate of Loading on Tensile 
Strength of Cord and Yarn—M. Castricum 
and A. N. Benson, 1214. 

Effect of Rate of Strain on Yield Strength, 
Tensile Strength, Elongation, and Reduc- 
tion of Area in Tension Tests, P. G. Jones 
and H. F. Moore. Report of Committee 
E-1, Appendix IT, 488. 

Effect of Specimen Shape and Size on Meas- 
ured Values of Tensile Properties, G. F. 
Jenks. Report of Committee E-1, Ap- 
pendix I, 483. 

Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 
mittee, 154. 

Fatigue Tests on Some Copper Alloys—A. 
R. Anderson and Cyril Stanley Smith, 849. 
Discussion, 858. 

Mechanical Tests of Cellulose Acetate—Wil- 
liam N. Findley, 1231. Discussion, 1244. 

Pitting and Its Effect on the Fatigue Limit 
of Steels Corroded Under Various Condi- 
tions—D. J. McAdam, Jr., and G. W. Geil, 
696. Discussion, 732. 

The Properties of Certain Lead-Bearing 
Alloys—Albert J. Phillips, Albert A. Smith, 
Jr., and Paul A. Beck, 886. Discussion, 
894. 

The Stress-Strain Characteristics of Cold- 
Rolled Austenitic Stainless Steels in Com- 
pression as Determined by the Cylinder 
Test Method—Russell Franks and W. O. 
Binder, 629. 

The Tensile Properties of Some Copper 
Alloys—Cyril Stanley Smith and R. W. 
Van Wagner, 825. Discussion, 846. 

Young’s Modulus of Elasticity and Some Re- 
lated Properties of Graphitic Materials— 
H. A. Schwartz and C. H. Junge, 816. 
Discussion, 824. 


Testing Apparatus. 


See also Testing, Physical Methods of. 
Conductivity Cells and Electrical Measuring 


C. E. Kaufman, 1326. Dis- 


Instruments 
cussion, 1337. 
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Testing Apparatus (Continued): 


The Degasification of Steam Samples for Con- 
ductivity Tests—P. B. Place, 1302. Dis- 
cussion, 1313. 

The Effect of Type of Testing Machine on 
Fatigue Test Results. Report of the Re- 
search Committee on Fatigue of Metals, 
Appendix, 133. Discussion, 151. 

Methods of Testing. Report of Committee 
E-1, 475. 

A New High-Temperature eaihess Machine— 
W. P. Welch and W. A. Wilson, 733. Dis- 
cussion, 746. 

A New Type of Conductivity Apparatus for 
Use with Boiler Waters and Steam Samples 
—A. R. Mumford, 1314. Discussion, 1337. 

Testing Material in the Resonance Range— 
R. K. Bernhard, 747. 


_ Testing, Physical Methods of. 


(Papers and reports covering methods of 
analysis, sampling, testing, etc., are in- 
dexed under the materials and subjects 
covered by them.) 

Methods of Testing. Report of Committee 
E-1, 475. 

Appendix I—Effect of Specimen Shape and 
Size on Measured Values of Tensile Prop- 
erties—G. F. Jenks, 483. 

Appendix IIl—Effect of Rate of Strain on 


Yield Strength, Tensile Strength, Elonga- 
tion, and Reduction of Area in Tension 
Tests—P. G. Jones and H. F. Moore, 488. 


Appendix III—Methods of Testing Volu- 
metric Glassware—J. J. Moran, 492. 


Specimens. 
Effect of Specimen Shape and Size on Meas- 
ured Values of Tensile Properties, G. F. 
Jenks. Report of Committee E-1, Ap- 


pendix I, 483. 
Textile Materials. 

The Effect of Rate of Loading on Tensile 
Strength of Cord and Yarn—M. Castricum 
and A. N. Benson, 1214. 

Proposed Methods for Identification of 
Finishes on Textiles (Qualitative). Report 
of Committee D-13, Appendix IT, 455. 

Proposed Revisions in Standards for Textile 
Materials. Report of Committee D-13, 
Appendix I, 449. 

Textile Materials. Report of Committee 
D-13, 440. 


Thermal Insulating Materials. 


Thermal Insulating Materials. Report of 
Committee C-16, 305. 


Thermometers, A.S.T.M. 


Methods of Testing. Report of Committee 
1, 475. 


Thermosetting and Thermoplastic Materials i 
See Plastics. 


Thermostat Metals. 
Electrical-Heating, Electrical-Resistance and 
Electric-Furnace Alloys. Report of Com- 
mittee B-4, 177. sens 


Thompson Award. 


Second Sanford E. Thompson Award. Sum- 
mary of Proceedings of the Forty-fourth 
Annual Meeting, 35; Report of Committee 
C-9 on Concrete and Concrete Aggregates, 
286. 


Tile. V 


Manufactured ‘Units. Report 
Committee C-15, 302. 


Timber. 

Fire Tests of Materials and Construction. 
Report of Committee C-5, 235. 

Report on Comparative Fire Tests of Treated 
and Untreated Wood. Report of Sub- 
committee II, Committee C-5, 238. 

Tests of Glued Laminated Wood Beams Im- 
pregnated with Creosote—William A. Oli- 
ver, 1198. Discussion, 1212. 

Timber. Report of Committee D-7, 378. 


Tin. 


Atmospheric Corrosion. Report of Subcom- 
mittee VI, Committee B-3, 172. 
Mobilizing Materials for Defense—John H. 
Van Deventer. Published in ASTM Wi 
BuL_etin, No. 111, August, 1941, p. 19. 
The Properties of Certain Lead-Bearing 
Alloys—Albert J. Phillips, Albert A. Smith, 
Jr., and Paul A. Beck, 886. Discussion, 
894. 
The Sampling of Steam and Boiler Water— 
A. R. Belyea and A. H. Moody, 1264. 
Discussion, 1274. 


Transformer Oils. 


Electrical Insulating Materials. Report of - 
Committee D-9, 389. 
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- Proposed Methods of Test for Sludge Forma- 
tion in Mineral Transformer Oil. Report 
of Committee D-9, Appendix III, 413. 


Transportation. 


Speed, Specifications, and Safety. Annual 
Address by the President, W. M. Barr, 
38. 


Tristimulus Colorimetry. 


Summary of Proceedings of the Washington 
Spring Meeting—Symposium on Color 
—Its Specification and Use in Evaluating 


the Appearance of Materials, 1342. 
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Tungsten. 


Mobilizing Materials for Defense—John H. 
Van Deventer. Published in ASTM 
BULLETIN, No. 111, August, 1941, p. 19. 
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Varnish. 
See also Electrical Insulating Materials. 
Paint, Varnish, Lacquer, and Related Prod- 
ucts. Report of Committee D-1, 311. 


Vibration Testing. 


Mechanical Tests of Cellulose Acetate—Wil- 
liam N. Findley, 1231. Discussion, 1244. 


Viscosity. 


Petroleum Products and Lubricants. 
of Committee D-2, 330. 

; _ Proposed Method for Conversion of Kinema- 
7 tice Viscosity to Saybolt Furol Viscosity. 
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